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Buildings and the Climate Crisis

Global CO, Emission by Sector

Building
Operations
28%

, Building
Transportation Materials and
22% Conslti';ction
[#]

Source: © 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources:
UM Environment Global Status Report 2017; EIA International Energy Outlook 2017



Buildings and the Climate Crisis

Global CO, Emission by Sector Total BU||d|ng Material
Impacts??

Building
Operations
28%

Industry
30%

, Building
Transportation Materials and
22% Construction
1 1%

Source: @ 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources:
UM Environment Global Status Report 20017 ElA International Energy Outlook 2007



Carbon Smart Building Strategies

How the building sector meets global climate targets

0 New Buildings to Zero Net Operating Carbon by 2030

6 Existing Buildings to Zero Net Operating Carbon by 2050
e Integrate Buildings into an Optimized Energy Grid

0 Eliminating Embodied Carbon in Buildings

e Measure & |mpr0ve Health & Equity http://carbonsmartbuilding.org/declaration

CARBON SMART BUILDING



http://carbonsmartbuilding.org/declaration

Operating vs Embodied Carbon




Operating vs Embodied Carbon

Typical Building High Performance

2019



Life Cycle Assessment: Embodied Carbon

Emissions due to:
* Material extraction
* Transportation
 Manufacturing

Life Cycle Assessment (LCA)
is method used to calculate
embodied carbon.

2019



Estimating Embodied Carbon

MATERIAL
QUANTITY

ESTIMATE
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Embodied Carbon Strategies

//'

\_

#1

OPTIMIZING

PROJECT
TYPE )

Decisions

Location
Program
(N) vs (E)

Tools

Rules of Thumb

Quick LCAs
(Athena/OneClick)

4 N
#2

OPTIMIZING

BUILDING
\_ SYSTEMS )
Decisions
« System Type
« Building Configuration
« Thermal performance
Tools

Rules of Thumb

Detailed LCAS
(Athena/OneClick/Tally)

4 )
#3

OPTIMIZING

SPECIFICATION &
PROCUREMENT
- /

Decisions

« Performance Specs.

« Suppliers
« ECTargets

Tools
e Rulesof Thumb

e Detailed LCAS
(EPDs/EC3)

2019



Embodied Carbon Supply Chain

Every Material

Unique

e Supply Chain
e LCA methods

* Variability

* Opportunities

REDUCTION STEELMAKING CASTING ROLLING / FORMING FABRICATION END-USE PRODUCTS
Blast furnace Oxygen Continuous Hot Cold Global demand for steel products
blown furnace casting (slab) strip mill | rolling mill 1040 million tonnes
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EPDs Enable Embodied Carbon Transparency

Environmental
Product
Declarations




EPDs Enable Embodied Carbon Transparency

Environmental
Product
Declarations

EPA Fuel Economy and
Environmental Comparisons
All Electric

When battery is fully charged, first 35 miles only.

MPG equivalent
- 36 e

combined cityhwy

Range [ANl Electric Rang

Dual Fuel Vehicle:
' Electricity-Gasoline

Gas Only

When electricity is used up, runs on gas for another 344 miles.

m 3 7 “ZH.F;G;ass.-.m_::«

combinad city/hwy

(Miles) o 0

Gages (C0; g/mila, 1ail
‘Woent

Other Air Pollutants

10.9 kWh
12.9 kWh

| 129kwWh |
129kWh |
| na

nload the Fuel Economy Guide (alsc available at dealers).

EPD Results are like MPG

* Estimates based on
standard assumptions
(PCR)

* Known variability

* Directionally accurate




CLF Projects:
Aligning
towards
market

MARKET transformation

TRANSFORMATION




DROJECT SPONSORS EC3: Embodied Carbon Calculator for Construction
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www.carbonleadershipforum.org/resources/

www.embodiedcarbonnetwork.org



http://www.carbonleadershipforum.org/resources/
http://www.embodiedcarbonnetwork.org/

CARBON LEADERSHIP FORUM

Inspire, Inform and Enable Low Carbon Construction

RECOMMENDED ACTIONS (Practitioners)

Act NOW on Embodied Carbon

 Demand embodied carbon transparency via EPDs.

e Start making purchasing based on Embodied Carbon
e Support embodied carbon research, data and tools
* Learn more: become and embodied carbon leader!

IN ORDER TO:
* |Incentivize low carbon material/products
* Help drive market innovation and investment

* Drive better quality data and tools
www.carbonleadershipforum.org/resources/

www.embodiedcarbonnetwork.org



http://www.carbonleadershipforum.org/resources/
http://www.embodiedcarbonnetwork.org/
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Reducing the Carbon Footprint of Every Building.






Understanding our Impact

Over the next 35 years,

two trillion ft?2

of new and rebuilt buildings
will be constructed in cities worldwide.



Understanding our Impact

every 35 days









Understanding Embodied Carbon

Embodied Carbon Benchmarking Study

http://www.carbonleadershipforum.org/data-visualization/



http://www.carbonleadershipforum.org/data-visualization/

Understanding Embodied Carbon




Understanding Embodied Carbon




Reducing

Conceptual to Design
Development

Full LCA

Athena Impact
Estimator

Tally

OneClick LCA

Whole Building
System Choices.
Material vs Material
Comparisons.

Full Life Cycle Picture.

Design Development
to Construction
Documents

EC Assessment

Embodied Carbon
Reduction Tool
(Supply Chain Specific)

* Manufacturer specific
data wherever
possible.

e Actual EC of
manufacturer choices
displayed against
baseline or industry
averages for each
material and whole
building.

* Living EPD database.

* Transparent
methodology for EC
data, values, variability.

Into Construction

Procurement

Specifications

Bid Documents

EPDs/Max GWP
required.

Reduction against
baseline GWP
eventually required.
GWP reduction part of
selection criteria and
bid process.



Reducing Embodied Carbon

Embodied Carbon
Reduction Tool
(Supply Chain Specific)

)

Wish List

Available to Everyone
Easy to Use
Free to Use

Open & Transparent
Data Source

Open API
(willing/able to share
data with other tools)

Focused on Supply
Chain Accountability



- Inputs

Material Quantities




- Data

Environmental Product Declarations

-l >\< —




- Outputs




- Outputs




- Outputs




Carbon Smart Procurement

Supplier A/Mix X

Supplier A/Mix X

Supplier C/Mix X

Choose
this one!

30% reduction in C02 emissions
JUST BY having data and ASKING.



Carbon Smart Procurement

BECTION 03 30 00 — CAST-IN-PLACE CONCRETE

SUBMITTALS (added language)
Al Environmental Product Declaration (EPD): Submit in accordance with the Specification Section

for LEED Submittals, Section 013510.01.B.1- Environmental Product Declarations.

1. Submit a product-specific EPD for 90% by volume for all concrete mixes used in the
project in the “Concrete Mix Specification Table™ within the Concrete section of the
structural general notes.

/ ' 2. Impact Categories:

‘ a. Global Warming Potential (GWP): All GWP information submitted shall be in the
form of kgCO2eq/kg.

The Project has a commitment to reducing the embodied carbon footprint of the materials used in
construction by a minimum of 15%, aiming to reach a 30% reduction target. Because of this mandate
from the Owner and the GC team’s support of actionable carbon reduction of materials, the following

items are requested as a part of the Concrete scope of work:

1. Environmental Product Declarations (EPDs) for All Concrete Mixes Utilized on the Project:

a. Subcontractor/Supplier shall provide on-demand EPDs for Project ready-mix concrete
mixes, at milestones as the design progresses, to support Project emissions reductions
tracking.

b. Project GC’s and Design Teams will provide mix performance requirements, locations
and proposed schedule of pour to assist in assuring EPDs generated reflect mixes to be
procured during construction.

» c. EPDs of concrete mixes generated will be requiredlwith construction submittals to

confirm carbon emissions, aka Global Warming Potentials (GWPs) of mixes installed.

2. Actual Reductions of Carbon Emissions in Concrete Mixes Utilized on the Project:

a. The Project is piloting the use of the Embodied Carbon in Construction Calculator (EC3)
which includes a database of available EPDs from national materials associations (such
as the NRMCA) as well as local suppliers and manufacturers of certain materials,
including ready mix concrete.

b. The Project will utilize these available EPDs in the EC3 database to establish GWP
baselines per concrete mix and enable assessment of Project specific EPD GWP numbers
in order to understand reductions for the Project.

3. As part of each Subcontractor/Supplier RFP Response, please provide a representative EPD for
the following proposed concrete mixes, as provided by Project Structural Engineers. Potential
GWP of each mix, provide in EPD, will be part of the assessment of each supplier's RFP
response, alongside other key metrics.




Carbon Smart Procurement

Max
Nominal |Exposure [Shrinkage ) ) NRMCA Industry Supplier A Supplier B
Member o Aggregate (Modulus Supplier A Supplier B
fc* Class ** Limit (%) si Average (PNW) (compared to average) | (compared to average)
ize
' . Mix 1 Mix 1
Spread Footings/Mats |5.0 ksi 455.53 kgCO2/m3 5 9 9
P 9s/ 300 kgCOZ/mS 530 kgCOZ/mS g / SRR LE i
(above the average)
Basement Walls i i
ehtret 5.0 ksi 420 :12(022 - <00 :"12‘022 i 455.53 kgCO2/m3 7.80% 9.76%
(Shotcrete) 6 m 8 m (above the average)
Basement Walls (Cast- . Mix 1 Mix 3
5.0 ksi 455.53 kgCO2/m3 = % =
in-Place) 300 kgCO2/m3 370 kgCO2/m3 g / SRR LR
. Mix 1 Mix 4
Slab on Grade 5.0 ksi 455.53 kgCO2/m3 - 9 -
300 kgCO2/m3 300 kgCO2/m3 g / S 2ol
Interior Mild Slab, Mix 3 Mix 1 16.35%
5.0 ksi 455.53 kgCO2/m3 -36.34%
Beams and Columns 290 kgCO2/m3 530 kgCO2/m3 8c02/ ° (above the average)
nterior Post 6.0 ksi/3.0 Mix 2 Mix 5
nterior Post- ix ix
ksi at 480.03 kgCO2/m3 -22.92% o
tensioned Slabs . 370 kgCO2/m3 440 kgCO2/m3 g / ? LA
stressing
) 6.0 ksi/3.0 . .
Post-tensioned Slabs ksi at Mix 4 Mix 6 480.03 kgC02/m3 e .
si a ! m 22 -16.
exposed to weather ) 370 kgCO2/m3 400 kgCO2/m3 s ? 16.67%
stressing
5.0 ksi Mix 3 Mix 7 455.53 kgCO2/m3 -36.34% 3.41%
290 kgCOZ/mS 440 kgCOZ/mS
Interior Shear Walls  |6.0 ksi Mix 5 Mix 8 480.03 kgCO2/m3 35.42% 29.17%
310 kg/m3 340 kg/m3
. Mix 6 Mix 9
8.0 ksi x x 588.03 kgCO2/m3 42.18% 44.73%
340 kgC02/m3 325 kgC02/m3
Misc. Curbs/ . Mix 1 Mix 10
, 45 ksi x x 455.53 kgCO2/m3 34.14% 17.68%
Sidewalks/Mech. Pads 300 kgCO2/m3 375 kgCO02/m3
Mix 3 Mix 11
Interior Slab on Deck (5.0 ksi 340 kgCO2/m3 455.53 kgCO2/m3 -36.34% -25.36%
290 kgCO2/m3 Beeul ER] ° °
Avg Reduction -31.40% -12.99%

below industry avg

below industry avg

Choose

this one!




Carbon Smart Procurement




Carbon Smart Procurement




- Reducing Embodied Carbon

Embodied Carbon Calculator for Construction



Cities, States and the AEC Industry will lead the way.



WALL DETAILS:

BRICK OVER MTLSTUDS

UVALUE = 0.065

+5/8"GWB TYPE X

+ CONT VAPOR BARRIER SHEET
+6"MTLSTUDS @ 16" O.C.

» FIBERGLASS BATT INSULATION (R19)
+ 5/8" EXTERIOR GYPSUM SHEATHING

+ WAB-1 (FLUID APPLIED ELASTOMERIC)
+ 2-1/2" SEMIRIGID MIN WOOL (R10.8)

+ 5" AIR SPACE

+ MASONRY BRICK VENEER

RANKINGS: MATERIAL IMPACTS:

Global Warming

Results per Division, itemized by Material

Potential

0.5267
kgNeq

1,642 2.129E-005 81.91
kgCOzeq CFC-11eq Oseq

25,954
M)

24,738
M)

1,229
M)

th 4,357 5176
kg kgSOzeq
100% ﬁ

[T |

Non-renewable A

= 1

Energy Depletion

[T 7T
[ 7|

7th ]

EMBODIED CARBON
IN YOUR WALLS

KJELL ANDERSON, AIA, LEED FELLOW
DIRECTOR OF SUSTAINABLE DESIGN
LMN ARCHITECTS

Smog Formation 07 - Thermal and Moisture Protection
Potential [ Fluid applied elastomeric air barrier
[ Mineral wool, T 135 (U = 0.035 W/mK) ECOSE, EPD - Knauf Insulation
th * — Polyethelene sheet vapor barrier (HDPE)
6 09 - Finishes

[ rFiberglass mat gypsum sheathing board
[ paint, interior acrylic latex
1 wall board, gypsum, fire-resistant (Type X)

Ozone Depletion
Potential

6 .

Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy  Non-renewable
Potential Potential Potential

Potential

KEY TAKEAWAYS

Demand

Energy

What could be better:

* Brick module. The only difference between this
wall and EWU is the exact size of brick. Brick mass is

slightly higher for SAAS.

« Thin brick “EIFS style” assembly has even lower
impacts than traditional framed brick (depending on

detailing)

Future investigations:

« Office standard for thin brick

Renewable
Energy




THE RULES

10 PROJECTS 10 WALLTYPES LCA IMPACTS OF EACH
* Primary Opaque Wall Element « GLOBAL WARMING POTENTIAL
« 200 sqgft modeled, includes typical details « DEPLETION OF NON-RENEWABLES

« ACIDIFICATION POTENTIAL
« EUTRIPHICATION POTENTIAL

« SMOG FORMATION POTENTIAL

« OZONE DEPLETION POTENTIAL

ORIGINAL STUDY BY BRAD BENKE

LIMnN



THE RESULTS

Ordered by global warming potential
34 b CO2e/sqft

50

25

15
0
1 2 3 4 5 6 7 8 9 10 o

NO
O

Ib CO2e / sqft facade area
O

n



WALL DETAILS:

PRECAST WITH THIN BRICK

UVALUE=TBD

+ 3" PRECAST

+ 4" XPS

+ 3" PRECAST

+ 5/8" MASONRY BRICK INLAY

RANKINGS:

Global Warming
Potential

th

Non-renewable
Energy Depletion

8th

Acidification
Potential

9th

Eutriphication
Potential

7th

Smog Formation
Potential

gth

Ozone Depletion
Potential

2nd

MATERIAL IMPACTS:

Results per Division, itemized by Material

6,941 8.878
kg kgSO.eq

0.7931
kgNeq

2,180 1.123E-005 1441 26,718 25,925 812.0
kgCOzeq CFC-11eq Oseq M) M) MJ

h :l

50% [

0%

Mass Acidification
Potential

Legend

03 - Concrete

[ steel, reinforcing rod

[ Structural concrete, 5000 psi, 25% fly ash
04 - Masonry

- Brick, generic

|:| Mortar type S

05 - Metals

- Cold formed structural steel

07 - Thermal and Moisture Protection
[ Polystyrene board (XPS), Pentane foaming agent
09 - Finishes

I Paint, interior acrylic latex
[0 Wall board, gypsum, fire-resistant (Type X)

Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy ~ Non-renewable Renewable

Potential

Potential Potential Potential Demand Energy Energy

KEY TAKEAWAYS

What makes it bad:

« Overall mass. 2nd highest mass of all walls

* Brick adds impacts without providing function (other
than aesthetic)

What could be better:

« Traditional framed brick has lower impacts.

« Thin brick “EIFS style"” assembly has even lower
impacts than traditional framed brick (depending on
detailing)

« Additional fly ash or slag in concrete if construction
schedule allows.

Other Considerations:

- Life expectancy of concrete vs framed walls. All walls
were assuming 60 year life.

+ U-value is unkown




WALL DETAILS:

BRICK & CENTRIA PANEL OVER MTL STUD

UVALUE =TBD

+5/8"GWBTYPE X

+ 6" METAL STUDS W/ BATT INSUL
+ 3" CENTRIA PANEL

+ AIR SPACE

+ MASONRY BRICK FACE

RANKINGS:

Global Warming
Potential

g

Non-renewable
Energy Depletion

10th

Acidification
Potential

7th

Eutriphication
Potential

10"

Smog Formation
Potential

7th

Ozone Depletion
Potential

gth

MATERIAL IMPACTS:

Results per Division, itemized by Material

4,393 6.526 1316
kg kgSO.eq kgNeq

2,145 9.340E-005 1111 32,902 31,468 1446
kgCOzeq CFC-11eq Oseq M) M) MJ

100% :

- “H=E=

50%

0% I

Mass Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy ~ Non-renewable Renewable
Potential Potential Potential Potential Potential Demand Energy Energy
Legend KEY TAKEAWAYS
04 - Mason .
= & v What makes it bad:
rick, generic ) )
[ Mortar type S * Insulated metal panel is redundant when used behind
|:| Steel, reinforcing rod H
brick.
05 - Metals » Foam insulation in insulated metal panel has high
[ Cold formed structural steel impaCtS

07 - Thermal and Moisture Protection

[ Closed cell, spray-applied polyurethane foam, high density
[ Fasteners, stainless steel

|:| Fluoropolymer coating, metal stock

|:| Polyethelene sheet vapor barrier (HDPE)

[ steel, sheet
09 - Finishes

- Paint, interior acrylic latex
[ wall board, gypsum, fire-resistant (Type X)

What could be better:
« Ditch the insulated metal panel when used behind
brick and use an assembly similar to SAAS and MSU..

Other Considerations:
« Construction time benefits for insulated metal panel?
+ U-value was unkown.




WALL DETAILS: RANKINGS: MATERIAL IMPACTS:

Global Warming
Potential

th 4,357 5176 0.5267 1,642 2.129€-005 8191 25,954 24,738 1,229
kg kgSO.eq kgNeq kgCOzeq CFC-11eq Oseq M) M) MJ
100% I

Non-renewable *
Energy Depletion

7th N ! - |

!
BRICK OVER MTL STUDS Acidification i

Results per Division, itemized by Material

Potential
th *
+5/8"GWB TYPE X 0%
« CONT VAPOR BARRIER SHEET Mass Agd\flca?lon Eutrophlgatlon Global Warmlng Ozone Dep}etlon Smog Formatlon Primary Energy ~ Non-renewable Renewable
otential Potential Potential Potential Potential Demand Energy Energy

+6"MTLSTUDS @ 16" O.C.
» FIBERGLASS BATT INSULATION (R19)
+ 5/8" EXTERIOR GYPSUM SHEATHING

« WAB-1 (FLUID APPLIED ELASTOMERIC) Eutriphication
« 2-1/2" SEMIRIGID MIN WOOL (R10.8) Potential Legend KEY TAKEAWAYS
« 5" AIR SPACE
- MASONRY BRICK VENEER 4th * g o What could be better:
1 Mortar type s * Brick module. The only difference between this
£ steel, reinforcing rod wall and EWU is the exact size of brick. Brick mass is
05 - Metals slightly higher for SAAS.
E g:;':réfa';‘;es;n‘r;‘l‘:::I:‘:;“ unfaced » Thin brick “EIFS style” assembly has even lower
o ) impacts than traditional framed brick (depending on
Smog Formation 07 - Thermal and Moisture Protection detailing)
Potential [ Fluid applied elastomeric air barrier
th * 3 a5 0 S wne st w0 fision Future investigations:
6 09 - Finishes « Office standard for thin brick

[ Fiberglass mat gypsum sheathing board
- Paint, interior acrylic latex
[ wall board, gypsum, fire-resistant (Type X)

Ozone Depletion
Potential

6t "




EXISTING FACADE WITH ADDED INSULATION

WALL DETAILS: RANKINGS: MATERIAL IMPACTS:

MATCH EXISTING FURRING DEPTH AT GALLERIES .
Global Warming Results per Division, itemized by Material
Potential
A\[ St 594.5 1.978 0.2285 7931 6.423E-006 26.36 9,923 8171 1,753
a— EXIST STONE VENEER * 100% kg kgSOzeq kgNeq kgCOzeq CFC-1leq Oseq M) MJ M)
B EXIST CONC WALL :

[ {’TK//— SHIM AS NEEDED

i T CONT. 2" FIBERGLASS THERMAL . -
i TR / SPACER @ 16" OC (VERTICAL) -

. T SPRAY FOAM (INSUL-10) R-12 MIN; Non-renewable .
- / MAX THICKNESS IS 2 5/8 Energy Depletion

WA-02B: 3/4" PLYWOOD ]
/ st *

| WA-02A: 5/8" GWB
T | 7" Wags:FoLBACKED GWBS s0% [—] .

[ [
EXISTING STONE W/ NEW INSULATION Acgdificati?n b T L -
otentia |
UVALUE =TBD st - L
«5/8" GWB TYPE X 1 % . [
. 3/4n PLYWOOD Mass Agdif(caFiTn Eut;ophic?tlion GIot;aIWarn"\ing Ozo:e DeRIeItion SmoPg ForrT\aItion Pr'm;ary En;rgy Non-ErenewabIe ReEnewab\e
otential otential otential otential otentia eman ner ner
« 2-1/2" CLOSED CELL SPRAYFOAM INSUL ¥ ¥
* *OMITTED* EXISTING CONC
* *OMITTED* EXISTING STONE
Eutriphication d
Potential Legend KEY TAKEAWAYS
1 St What makes it goo:
* . ) « Salvaging existing structure will almost always be the
07 - Thermal and Moisture Protection . .
== ) ) most efficient wall solution.
Closed cell, spray-applied polyurethane foam, high density
09 - Finishes What could be better:
I Paint, interior acrylic latex « Insulation. Spray foam has very large impacts due
Smog Formation = wall board, gypsum, fire-resistant (Type X to the blowing agent. Mineral wool would significantly
Potential lower the emboddied impacts.
st Future investigations:
* ° X

Ozone Depletion
Potential

1 *




THE RESULTS

Ordered by global warming potential

50
25

20

15

b CO2e / sqft
n O

@)

Existing
Facade

Wood or
Metal Panel

Concrete Walls

(Acoustics)

Brick +
Concrete

1]

LMmn



NO

it's more complicated than that

U Value
Thermal Mass
Energy Use Reduction
Mechanical Size Reduction
Floor to Floor Height Reduction




THE BIGGER PICTURE

Embodied Carbon

Envelope + 100%
echanica Mechanical
Struc_ture oo Mechanical
Interiors
MEP Systems - o
Landscape _ 70%
§ Architectural Architectural
_ 7 60%
Operational Carbon S
2 509
Energy Use - =
Refr I g e ra n tS i Ao Electrical Electrical
Watergy S 30%
Maintenance i
Landsca pe o Structural Structural
10%06
Other 0%
Transportation Conventional High-performance

building building

Food + Goods
Credit: AIA Building Performance Guide



THE BIGGER PICTURE

Embodied Carbon When Does Solar Get Through the Opaque Wall?
Envelope +

Structure
Interiors

MEP Systems -
Landscape

Operational Carbon
Energy Use -
Refrigerants
Watergy
Maintenance

Landscape Low Thermal Mass High Thermal Mass
Exterior Wall Exterior Wall

Other
Transportation
Food + Goods



THE BIGGER PICTURE

Embodied Carbon

More Insulation is (generally) better...

Envelope + Global Warming Potential Breakdown of
Structure Brick Over Mineral Wool

Interiors

MEP Systems -

Landscape

Operational Carbon
Energy Use -
Refrigerants
Watergy
Maintenance
Landscape

55%

Other
Transportation
Food + Goods



THE BIGG ER PICTU RE More Insulation is (generally) better...

Embodied Carbon IF it’'s a low-GWP insulation

Envelope +
Structure GLOBAL WARMING POTENTIAL, PER R
Interiors

MEP Systems -
Landscape

Operational Carbon
Energy Use -
Refrigerants
Watergy
Maintenance FIBERGLASS BATT
Landscape

POLYISOCYANURATE

MINERAL WOOL

..better if it’s not made from fossil fuels
Other

Transportation .and even better if it sequesters carbon!
Food + Goods



THE BIGGER PICTURE

Embodied Carbon Cumulative Co2e - Office Building Projection
Envelope + )
Structure yive CO
Interiors Total Cumu'
MEP Systems -
Landscape - . Eners Us
v 2 stional €@
Operational Carbon B E Embodied Carbon
Energy Use - Q9 -
Refrigerants 33
Watergy O+ T sinnsnss s ir et a e aad s s v e
Maintenance © o 2020 203C - 2050
Landscape 2 o Questered Carbop - Landscape
g S
Other (not included) S 3
Transportation N
Food + Goods S



Cumulative Co2e - Office Building Projection
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Cumulative Co2e - Office Building Projection
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Cumulative Co2e - Office Building Projection
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largest CoZ2e contributor



WALL DETAILS:

BRICK OVER MTLSTUDS

UVALUE = 0.065

+5/8"GWB TYPE X

+ CONT VAPOR BARRIER SHEET
+6"MTLSTUDS @ 16" O.C.

» FIBERGLASS BATT INSULATION (R19)
+ 5/8" EXTERIOR GYPSUM SHEATHING

+ WAB-1 (FLUID APPLIED ELASTOMERIC)
+ 2-1/2" SEMIRIGID MIN WOOL (R10.8)

+ 5" AIR SPACE

+ MASONRY BRICK VENEER

RANKINGS: MATERIAL IMPACTS:

Global Warming

Potential Results per Division, itemized by Material

o
O R
5
2.

th 4,357 5.176 0.5267 1,642 2.129E-005 25,954 1,229
kg kgSOzeq kgNeq ~ kgCOzeq CFC-11eq M) MJ
i g i E . E i>

Insulation: |
Don’t pick high GWP Insulation i -
Find the Point of Diminshing Returns l
Use Energy Modeling to trade MEP cost for Envelope upgrades

®
3
&

bg Formation Primary Energy ~ Non-renewable ~ Renewable
Potential ~ Demand ~ Energy = Energy

Walls:

bnly difference between this

Ask for EPDs, choose better products within a class e
. . . e” assembly has even lower
Sometlmes hlgher envelope Coze |S preferable hal framed brick (depending on

Get your hands dirty - calculate embodied carbon! i brck

Ozone Depletion
Potential

6t * Kjell Anderson

LMN Architects



MATERIAL MATTERS ¢

Materiality and embodied carbon
considerations in contemporary
curtainwall systems

Mic Patterson PhD LEED AP BDC
Facade Tectonics Institute

FTI Forum: Seattle!
Seattle, 16 July 2019



CONTEXT

» climate change
*sea level rise

an existential threat to humantity
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TREND ASSESSMENT

result: step-change In

COMPLEXITY and
MATERIALITY

...0f facade program implementation




CARBON -

Performance considerations typically
focus on operational carbon
consumption and new construction.




embodied + operational = whole
carbon carbon building
Ifecycle

carpbon



EC + OC = WLC



EC + OC = WLC
/ \

* material driven e distributed over OC

- front loaded - gradually offsets EC

factor in time value of carbon (TVC)



EC + OC = WLC

this changes everything



WHOLE LIFE CARBON (WLC)

conventional wisdom
...embodied carbon is <10% of WBLC

was this ever true?
...embodied carbon increases as % of WBLC as
operational energy efficiency improves

research indicates
...% embodied carbon of WBLC could be 50-60%o0r
higher (Kiel Moe using Howard Odem's emergy metric)



Material selection and
extended service life are
the most effective means

of reducing embodieo

carpon footprint.
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Optimizing service life as a strategy to
minimize lifecycle embodied carbon.
How long should a building last?



Table 4.3: Summary of service life and design service life data and opinion from literature review.

reference
Iselin and Lemer (1993, 13)
Crowther (1999, 3)
Athena Institute (2006, iv)
informal polling
Kestner and Webster (2010, 1)
ASHRAE 189.1 (2014)
Khasreen (2009, 679-80)
PNNL (D&R International 2011)
CSA S478-95 (2007, 7)

Bohne (et al. 2015, 306)

Kesik and Saleff (2009)

Christopher Alexander (from Brand 1994, 127)
(Mouzon 2016)

Wood (2015)

Brand (1994, 13)
Richards (2015, 159)
Kim (2011, 3436-45)
Mayer (2006)

(1Bl 2000)
Dean (n.d.)
informal polling

Meadows (2014, 51)

Zaborski (2017)

dedonge (1996, 8)

Cheung and Farnetani (2016, 39)
Kesik and Saleff (2009)

University of Washington (2015)

building service life (years)
15-30
40
40-60 (conservative)
40-60 (“should last” speculation)
50
50 (minimum)
50-75
70-75 median lifespan of commercial buildings

50-99 most buildings
100+ monumental and heritage buildings

100

250 foundation and structure (armature)

300 for foundation and structure

1000

indefinitely (as long as wanted; tall buildings)
curtainwall system service life (years)

20 (not curtainwall specific)

20-30 year replacement cycle

20 glass; 40 frame

25-35 (to major renovation: replace IGUs,
gaskets, frame caps)

32-38 (average)
30-40 (anodized aluminum curtainwall)
30-40 (“should last” speculation)

40 (how long it should last with proper
maintenance)

40 estimated
40 approx. expected
40-50 service life approx. limit

50 design service life (5 cycles to match
structure)

50 design service life



Javits Convention Center

Categories of threat to service life
(from Silva et al. 2016, 16).



Curtainwall system designs
fall to anticipate the need
for future maintenance,
repair and retrofit to
orevent obsolescence.



~ |dentification

Scope of facade retrofits

B Survey 1 m Survey 2

* Online Survey 1
300+ respondents
200 building names 2438% 8%
32 countries 27% 3% 30% 33%

Re-clad

* Online Survey 2
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N N R W R
¥ < > A > <

200+ respondents  « o \@Q\ PO R Y S R S

. . . ")\ \(\ le $ $Q/ $ \Q < S(b Qo
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110 buildings &£ & FE 9 Q&& Q&S &
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16 countries A T A
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ITS NOT ALL ABOUT ENERGY!
consider the (dis)abillities...

durability (+differential)
...0f systems, components and materials

adaptability
...to new technology, future loads, and

changing conditions of use

repairability
...to treat damage and degradation



ITS NOT ALL ABOUT ENERGY!
consider the (dis)abilities...

maintainability
...ease of maintenance to maximize service life

upgradability
...as an antidote to functional/technical
obsolescence

recyclability
...reuse and minimization of solid waste



—NBODIED
CARBON

AS new techn
efficiency, em

ology increases operational
nodied cartbbon becomes a

larger share of consumption.



EMBODIED CARBON

preliminary material analysis of baseline CW system

Embodied Energy
Embodied Energy | Weight per SF of CW Use Intensity
CW Unit Makeup (kBtu/lb) (Ibs/ft2)* (kBtu/ftA2) -
Insulating Glass Units 10.73 6.75 - 7243 > Why materlals and
Aluminum Framing 66.21 2.24 148.45 ' '
Lift Lug and Anchor 66.21 0.16 10.38 SerVICe ire matter
Fasteners 24.38 0.12 2.83 environmental im pa()ts
Shadowbox - Alum Panel 66.21 0.44 29.31 :
Insulation 9.18 0.67 6.12 carbon footprint
Backpan-Galv Steel 12.25 0.37 4.50
Gaskets & Seals 26.51 0.23 6.10 cost
Unit total 10.97 280.11

glass @ 26% + aluminum @ 67% = 93%

*finishes not included




MAINTENANCE CYCLES

Planned maintenance

anad

partial renovation cycles
A as a strategy

Maintenance/restoration cycle '
> Embodied energy input fOI’ eXteﬂdlﬂg
- Extended life due il A
1 < to maintenance/restoration . bUIIdIﬂg SyStem
5 s oo oW service condition service life

< | RN | R < Target quality

O N | S~ | >N | SN (post maintenance cycles) and m|n|m|Z|n
LU G. > | N | N | N
O fQO’ N I AN I AN I . g
— Y%, N N N -
S RN | | embodied energy
Y %% N Nl N Minimum quality
w j "‘@}/'.' < | (maintenance/restoration and
wn © \\‘ Zero maintenance failure ) required)

SERVICE LIFE carbon impacts.




MAINTENANCE THINKING

Mmaintenance has gone the way of craftsmanship

weather seal

cannot be inspected

or repaired after
O installation

Maintenance planning:

antithesis of throwaway culture
facilitated by discrete assemblies
provides redundancy

may extend service life
puts people to work

zero-maintenance systems supports renewable strategies

curtainwalls are designed as




Enables the abllity to endure.

A

AR

CARPAC

\/

Y

AS predictability wanes in a turbulent world,
SO the need for buffers and adaptive capacity
Increases. - FPricewaternouse



pathway 1. Base material selection on lifecycle carbon.
to ZERO
CARBON

Design for the ages.

Maximize adaptive capacity.

> W D

Design for the (dis)-abilities; durability,
maintainability, repairability, adaptability,
upgradability, recyclability.

5. Design to realize the full lifecycle durability
potential of all materials utilized.

6. Minimize use of high embodied carbon materials.

STRATEGIES

7. Embrace the constraints!



CONCLUSIONS

e "zero-maintenance" curtainwall systems fail to anticipate the
need for future retrofit, leaving replacement as predominant
option

e curtainwall systems are not adaptable to emerging high-
performance materials and products; as true of new systems as
old

We are busy building tomorrow's problems today
with contemporary curtainwall practices.



You never change things by fighting the
existing reality. 1o change something, build
a hew model that makes the existing
model obsolete. - R Buckminster Fuller

The current need lies beyond
Incremental change...
embrace the constraints!



THANK YOU'!

Mic Patterson

mpatterson@facadetectonics.org
+1-310-266-5724 mobile
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CARBON COUNTING

Balancing Operating and Embodied Carbon in Facade Design

Facade
SOIUo

Stacy Smedley, LEED Kjell Anderson, AlA, Mic Patterson, PhD, Kate Simonen, AlA, SE,
BD+C LEED Fellow LEED AP+ LEED AP
Director of Sustainability Director of Sustainable Design Ambassador of Innovation & Founding Director
Skanska USA Building LMN Architects Collaboration Carbon Leadership Forum;

The Facade Tectonics Institute Associate Professor
University of Washington
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