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Course Description

The purpose of this presentation is to discuss Life Cycle Assessment (LCA) tools, benefits of analysis,
and potential workflows that allow architects and desighers to engage with the embodied
environmental impacts of building materials. This includes the optimization of higher performance
materials and reduction of higher impact material early in the design process through the evaluation of
multiple options as well as the overall evaluation of the whole building prior to construction.



Learning Objectives

1. Learn to make the argument for LCA with clients and project teams and understand how to present
LCA data to support decision making.

2. Learn effective methods for integrating LCA into every phase of the design process, from pre-
design through construction documentation.

3. Understand the required methods and standards for the LEED v4 Whole Building Life Cycle
Reduction Credit and proper method for submitting credit documentation.

4. Understand how LCA can influence material choices and specification writing.



1. The Argument
for LCA
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=  Comparing Embodied Energy in Materials to Lighting

CO02 in MATERIALS 17 YEARS OF LIGHTING USE
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=  Embodied Carbon - Why This Matters
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2030 Energy Consumption Footprint of All Buildings
Constructed Between 2015 - 2030 (200 Billion Sq. Ft).
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=  Embodied Carbon - Why This Matters

The 2030 Challenge for Products

35% or better 40% or better 45% or better 50% or better

m Embodied Carbon Reduction Embodied Carbon Footprint

The 2030 Challenge for Products calls on the global architecture, planning, design, and building community, to specify,
design, and manufacture products for new developments, buildings, and renovations to meet a maximum carbon-
equivalent footprint of 30% below the product category average through 2014 — increasing to 50% by 2030.



ZGF Materials Task Force

Material 1

Safer Ingredients

Embodied Carbon

Company
Practices

Biophilia

Regionally
Manufactured

Circular Economy

Durability/Lifespan

Safe Cleaning
Methods

TBD

Environmentally
Responsibity

Cost

TBD
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2. What’s in a
Building?




Do Less Harm - Reducing Impact

Baseline Building . . Proposed Building
2,848,000 MT CO2e 44,000 - 620,000 MT CO2e
d m—- >

’ 5

] \

1 o ]

) !

s ’




—

-
Wt 4w comin =

— e v -
A a— . 4

N e




EPD - Environmental Product Declarations
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= 4 Life Cycle Stages of a SIPS Panel
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= 4 Life Cycle Stages of a SIPS Panel
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= 4 Life Cycle Stages of a SIPS Panel

3. Building Use
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= 4 Life Cycle Stages of a SIPS Panel

4. End of Life
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Impact
Categories




Global Warming

Fossil fuel combustion as well as other
natural and man made processes such
as cement production emit greenhouse
gasses (GHGs).

0 Solar radiation

passes through

J—
\
% atmosphere to warm

Earth

0.

Greenhouse gases trap
emitted infrared radiation and
bounce it back to Earth, raising
the overall temperature

9 Earth absorbs

solar heat, emits it as
infrared radiation

Source: K. Simonen, Life Cycle Assessment, 2014



Acidification

“ S and N enter

soil and atmosphere 9 S and N leach

through acid rain and S+N nutrients (Ca, K, Mg)

urban/industrial runoff /\ from soil and water
v |

9 SOIL

pollutants enter food

stream

nutient leaching leaves @ WATER

soil less productive, removal of Ca
threatens earthworm limits shell & bone
popu|ations prOdUCtion, leads to

decline in coral, fish,
& mollusc populations

Source: K. Simonen, Life Cycle Assessment, 2014



=  Eutrophication

0 Agricultural, urban,
and industrial runoff

adds excess nutrients (N
+ P) to water systems

Excess nutrients cause R R
spike in plant growth (algae,
bacteria, etc.)

9 New plant population consumes all available
oxygen, creating dead (hypoxic) zones and
causing other species to flee or die

Source: K. Simonen, Life Cycle Assessment, 2014



Ozone Depletion

9 Sunlight causes

halocarbons to release chlorine
atoms which break down ozone

molecules

0 Hair spray,

refrigerants, etc. emit
halocarbons (CFCs, freons,
halons) into stratosphere

stratospheric ozone

e Depleted ozone layer allows
UVB radition to reach surface,
causes skin cancer, eye damage,
reduction of plankton, crop loss,
etc.

Source: K. Simonen, Life Cycle Assessment, 2014



Q\ @ Sunlight reacts with emissions e Hills and mountains

to create ground-level ozone and trap cool air and pollutants,
airborne particles (smog) exacerbating effects

warm inversion layer

..........

cool air

.
Q

mmmmmmmmmaa=)

_o Vehicular and 9 Smog exposure causes respitory
industrial emissions illness and birth defects, impact

(VOCs, NO,) enter breathing, & decrease immune capacity
atmosphere

Source: K. Simonen, Life Cycle Assessment, 2014



=  Primary Energy Demand

Type Example Unit
Non- Ener Coal combustion for M)
Renewable 9y electricity
Material Crude qll as material input M)
to plastic
Renewable Energy Bio-fuel MJ
Material Wood burned in a furnace MJ

Source: K. Simonen, Life Cycle Assessment, 2014



3. LCA Design
Workflow




=  Starting with LCA through LEED

Building Life-Cycle
mpact Reduction

STEP 1: CALCULATE BUILDING MATERIALS

STEP 2: SELECT APPROPRIATE TOOLS AND DATA SETS FOR LCA ASSESSMENT

STEP 3: CREATE AND MODEL BASELINE BUILDING

STEP 4: SELECT RELEVANT IMPACT MEASUREMENT SYSTEMS

STEP 5: USE LCA TO MAKE DESIGN DECISIONS THAT REDUCE ENVIRONMENTAL IMPACTS
STEP 6: INCORPORATE FINAL LCA RESULTS



= LEED with Impact - Reorder and Iterate

Building Life-Cycle
mpact Reduction

STEP 2: SELECT APPROPRIATE TOOLS AND DATA SETS FOR LCA ASSESSMENT

STEP 3: CREATE AND MODEL BASELINE BUILDING

STEP 1: CALCULATE BUILDING MATERIALS

STEP 5: USE LCA TO MAKE DESIGN DECISIONS THAT REDUCE ENVIRONMENTAL IMPACTS
STEP 6: INCORPORATE ITERATIVE LCA RESULTS

STEP 4: SELECT RELEVANT IMPACT MEASUREMENT SYSTEMS



Typical vs. Iterative LCA Workflow
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DESIGN DEVELOPMENT DOCUMENTS ASSESSMENT
\ J
/ . &
Iterative Workflow . .. _ ... .. R ERE s
i il LR EREREN!
II‘Ifllln T ERY
.= ® 8808 HHEEK = i

LCA
MODELING

P CONSTRUCTION
DOCUMENTS




= 2016 AIA Institute Award Winners

Select Appropriate Scope for Design Phase

* Single material (product) assessment

* Material or assembly comparison ||M i
S L
« Design options MMMMHHMMII]J[MM'
(multiple materials and assemblies) Assembly assessment (DD)

*  Full building assessment

Component assessment (SD)




Schematic Design - Classic Question of Structural System Decision Making

Can we reduce the impact of a building before structural selection?
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Schematic Design: Evaluating Concrete vs. Steel in a Lab Bay Study

AR _— \E\ |
I T T Il EF — ] Option 1: Concrete
&

i:: : i ”f j , I ‘L l; Option 2: Steel
il " : , L

Ry iy S| Concrete with 25% Fly Ash Content
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Other Materials

3,126,318 4,351 789.6 1,069,129 0.01224 60,618 1.156E+007 1.080E+007 760,767
100% _kg EOzeq ngi Eozeq CFC-1leq Oseq MJ - MJ - _MJ
=Tl BF [EL. T B Bz BE BE
ST Lo ] | — — 2% .
= B — — o 11% reduction in GWP
| - Annual emissions of ~25 passenger vehicles
= - = = —— Carbon sequestered by 96.4 acres of forest
50% | — n ]
|| - Even though steel is better, still has a lot of
S concrete.
0%
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Mass Adidification Eutrophication Global Warming Ozone Depletion Smog Formation Primary Energy Non-renewable Renewable

Potential Potential Potential Potential Potential Demand Energy Energy
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Desigh Development: Comparing Curtain Wall with Insulated Metal Panel Shingles

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
100% — — — — - _ — — —
. Ey _ B B EBE =
— | — —
- T [ —
50% T
L —_— — | L
0% _
50%
Mass Acidification Eutrophication  Global Warming Ozone Smog Primary Energy ~ Non-renewable Renewable
Potential Potential Potential Depletion Formation Demand Energy Energy

Potential Potential

Life Cycle Stages
Manufacturing
I Transportation

Maintenance and Replacement

Option 1 Option 2 End of Life
Net Value (impacts and credits)




=  Design Development: Optimizing Material Usage in Panel Patterning
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Desigh Development: Optimizing Material Usage in Panel Patterning

Comparative Results

’ Design Options Materials
Option 1 - Maple Radial (primary) [ Fluoropolymer coating, metal stock
Option 2 - Willow Tangential [ 1 Steel, sheet
4 Option 3 - Solid
7 02143 0.07672 53.57 8.756E-006 4.564 888.1 833.0 55.19
— | kgSO.eq kgNeq kgCO.eq CFC-11eq 0:eq MJ M) M)
| 100% T
ol ) 28% 25% 28% 26% 29% 28%
| k8
GREAT MAPLE GREAT MAPLE I V- || Ad -
TANGENTIAL RADIAL SOLID , H - | - i e H N T
‘ R 50%
|
| v
‘ ‘ i 0%
1, 20 3 1 2 3 1 28 3 1 2 3 1 2 3 1 2 3 1 2 3B 1 2 3
wiLLOW WILLOW WILLOW Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy ~ Non-renewable Renewable
TANGENTIAL RADIAL TRANSVERSAL Potential Potential Potential Potential Potential Demand Energy Energy



=  Construction Documentation: Whole Building Assessment of Fly Ash Content in Concrete




Construction Documentation: Whole Building Assessment of Fly Ash Content in Concrete

CSI Divisions

03 - Concrete

05 - Metals

06 - Wood/Plastics/Composites

07 - Thermal and Moisture Protection

Global Warming Potential

08 - Openings and Glazing
09 - Finishes

BOE0EL



Construction Documentation: Whole Building Assessment of Fly Ash Content in Concrete

Rainscreen Panels

Beams

Walls

Floors & Stairs

Whole Building

RSN RENY

100%

50%

0%

2.921E+007 45,759 3,629 1.076E+007 0.1895 614,630 9.935E+007 9.220E+007 7,176,577
kg kgSO2eq kgNeq kgCO2eq CFC-1leq O3eq MJ MJ MJ
L Li— 13% __ [ | — — A |
—=]—|— | | 24% 1 S [ - |
— [t = - | i | | | — T
= = =l el R |
| — 1 il | o o
.2 3 1 2 3 I 2 :3 I 2 3 1 2 3 L 2 3 ¥ 328 3 1 2 3 L =% 3
Mass Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy  Non-renewable Renewable
Potential Potential Potential Potential Potential Demand Energy Energy

Results per CSI Division

Design Options CSI Divisions
Option 1 - Concrete, 00% Fly Ash ] 03 - Concrete
Option 2 - Concrete, 25% Fly Ash ‘

Option 3 - Concrete, 50% Fly Ash




=  Construction Administration: Environmental Impacts by Substitutions
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Construction Administration: Environmental Impacts by Substitutions

Option 1 - As Designed

07 - Thermal and Moisture Protection

Cellulose insulation, blown
Cellulose insulation, board
Closed cell, polyurethane foam

Open cell, polyurethane foam
Polyisocyanurate (PIR), board
Polyethelene sheet vapor barrier
PVC roofing membrane, sheet

AL Hm

Option 2 - As Built

07 - Thermal and Moisture Protection

RCEE

Closed cell, polyurethane foam
Mineral wool, board, generic
Open cell, polyurethane foam
Polyisocyanurate (PIR), board
Polyethelene sheet vapor barrier
PVC roofing membrane, sheet

100%

50%

0%

Changes between project phases

How do changes made during construction affect building performance and embodied
impacts?

What are the trade offs between material choices (embodied impacts, cost,
performance, constructability)?

Results per CSI Division, itemized by material

180,328 125,639 1,637,887 1,421,965 307,000
kg kgCO2eq M) M) M)
i § | B
— = R —

|| N
W

|
[ |
(L1 I

l

[1]
[ LI
|

[

[[]

1 2 L 2 1 2 1 2 I 32
Mass Global Warming Primary Energy Non-renewable Renewable
Potential Demand Energy Energy



START EARLY

Conduct continuous and iterative assessments at every stage of the
design and construction process.

KEEP A RECORD

Keep all your output reports and track performance over the entire
design process to demonstrate and document your baseline
performance and track the achievement of the requisite reductions for
the LEED reviewers.

EXPERIMENT EARLY AND OFTEN

Using the smallest appropriate functional unit, test different materials
and design options to determine the potential for impact reduction
through material substitutions, designh options and modifications before
integrating the new design into the whole building model.

INCLUDE THE WHOLE TEAM

Effectively using the data generated by LCA requires the entire design
team, from the client, to the architect, to the construction manager.
Just because a design team proposes a better performing material
doesn’t mean it’s feasible. Involving the whole desigh team in the LCA
process ensures everyone understands the information and the
implications of selecting particular materials.




4. Impact Through

Intuition:
RMI Case Study




How did we do? RMI As a Case Study

LCA LCEA
COze COze

Total
COze



How did we do? RMI As a Case Study

Maintenance and
Replacement

End of Life

Transportation

Manufacturing

e ———
ey,
R
3 VS




RMI by LCA Stage

=

N

o

LCA Report Phases & Stages

This report looks specifically at the benefits
of using wood over concrete in the life cycle
of the new 05U College of Forestry facility.

RESOURCE
EXTRACTION

e e

DISPOSAL

Manufacturing/
Installation

End of Life

Transportation
Manufacturing
Maintenance and Replacement DE

End of Life

Maintenance/
Replacement



RMI by LCA Stage

Total Emission by Stage

600.0
500.0
1. Transportation
400.0
2. Manufacturing °
N
3. Maintenance and Replacement § 300.0
=
4. End of Life
200.0
100.0
0.0 1

Transportation  Manufacturing Maintenance and End of Life
Replacement



RMI Whole Building Breakdown

H Cast-in-place concrete; reinforced structural concrete; 3000 psi (20 Mpa)
m Cast-in-place concrete; reinforced structural concrete; 5000 psi (35 Mpa)
Concrete; unreinforced; generic; 3000 psi (20MPa)
Glass fiber reinforced concrete; no steel
B Precast concrete paver
B Precast concrete structural panel
m Reinforced concrete footing Transportation
H Stone veneer wall; granite; grouted
H Stone veneer wall; limestone; grouted
B Aluminum; extrusion
B Aluminum; sheet
u Steel; channel
Steel; C-stud metal framing
Steel; hollow structural section
Steel; round tubing
Steel; sheet; carbon steel
u Steel; wide flange shape
Cross laminated timber (CrossLam / CLT)
B Domestic softwood
B Glue laminated timber (Glulam); softwood
B Oriented strandboard (OSB)
H Plywood; exterior grade
H Plywood; interior grade
B Structural insulated panel
Wood framing

Wood framing with insulation

EPDM sheet; waterproofing Maintenance and Replacement
EPDM; roofing membrane

Expanded polystyrene (EPS); board

Flashspun HDPE vapor retarder
m Metal roofing panels; formed
m Polyethelene sheet vapor barrier (HDPE)
u Self-adhering sheet waterproofing; modified bituminous sheet
B Aluminum mullion
H Door frame; wood

H Door; exterior; aluminum
Door; exterior; wood; solid core End o
Door; fire-rated; wood; flush
Door; interior; wood; MDF core; flush

Door; interior; wood; structural composite core; flush
H Glazing; monolithic sheet
Glazing; triple pane IGU Global Warming Potential (kgCO2eq)

® Carpet; nylon; generic -300,000 -100,000 100,000 300,000 500,000 700,000
H Wall board; gypsum

Manufacturing




RMI Top Ten: Manufacturing and Installation

Manufacturing
Glazing; triple pane IGU [
Aluminum mullion
Stone veneer wall; granite; grouted
Concrete; unreinforced; generic; 3000 psi (20MPa)
Wall board; gypsum
Aluminum; sheet
Expanded polystyrene (EPS); board
Stone veneer wall; limestone; grouted

Steel; sheet; carbon steel

Cast-in-place concrete; reinforced structural concrete; 3000 psi
(20 Mpa)

o

40,000 80,000 120,000 160,000

Global Warming Potential (kgCO2 eq)



RMI Carbon Sinks: Manufacturing and Installation

-160,000

-120,000 -80,000

Global Warming Potential (kgCO2 eq)

-40,000

(=}

Cross laminated timber (CrossLam / CLT)

Plywood; exterior grade

Oriented strandboard (OSB)

Glue laminated timber (Glulam); softwood

Wood framing

Domestic softwood

Plywood; interior grade



1.94 kg CO2e
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RMI Stage Assessment: Maintenance and Replacement

® Wall board; gypsum

H Carpet; nylon; generic
Glazing; triple pane IGU
m Glazing; monolithic sheet
Door; interior; wood; structural composite core; flush
Door; interior; wood; MDF core; flush
Door; fire-rated; wood; flush
Door; exterior; wood; solid core
B Door; exterior; aluminum
m Door frame; wood
B Aluminum mullion
u Self-adhering sheet waterproofing; modified bituminous sheet
m Polyethelene sheet vapor barrier (HDPE)
m Metal roofing panels; formed
Flashspun HDPE vapor retarder
Expanded polystyrene (EPS); board
EPDM; roofing membrane
EPDM sheet; waterproofing

Wood framing with insulation

TIRTE ‘

Wood framing
B Structural insulated panel
H Plywood; interior grade

¥ Plywood; exterior grade 0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000
Global Warming Potential (kgCO2eq)



RMI Top Ten: Manufacturing and Installation

Door; fire-rated; wood; flush

EPDM; roofing membrane

Stone veneer wall; granite; grouted

Carpet; nylon; generic

Stone veneer wall; limestone; grouted

Glazing; triple pane IGU

Structural insulated panel

Steel; sheet; carbon steel

Expanded polystyrene (EPS); board

Wall board; gypsum

o

20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000

Global Warming Potential (kgCO2 eq)



5. LCA at PDX:
Airport TCORE
Case Study




=  Airport Scope
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Airport Carbon Goals

® Road
® Other Transport
® Chemicals & Cement
" Land use change & Forestry
® Other energy & industry
¥ Light, electricity, heat
B Aviation
Aircraft
® Airports

Aircraft




Airport Carbon Goals

accredited

Level 2
Managing and reducing
footprint

Level 1
Carbon footprint

Scope 1&2 Scope 3



=  Airport Scope
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Airport Scope - Energy Related Emissions
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Airport Scope - Construction vs. Operating Emissions
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Airport Scope - Construction vs. Operating Emissions
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Airport Scope - Construction vs. Operating Emissions

CARBON
PROJECT EMBODIED CARBON

(kg CO,eq x 10°)

22.3, 15%

1275, 85%

® 5TRUCTURAL = NOMN-5TRUCTURAL
(does not include interior partitions)



Airport Scope - Construction vs. Operating Emissions

CARBON
STRUCTURE EMBODIED CARBON

(kg CO,eq x 10°)

21.9, 17%

14.4, 11%

667, 33%

24,4, 19%

= FOUNDATION = ENPLANING = MEZZAMIMNE ROOF (STEEL TRUSS)



Airport Scope - Construction vs. Operating Emissions

CARBON

STRUCTURE EMBODIED CARBON

(kg CO,eq x 10°)

20.0
0.0

&0.0

Weaod

40.0 Steel

W Rebar
30,0

- M Concrete
20,0

10.0

. R e

FOUNDATION ENPLANING MEZZAMINE ROGF (STEEL TRUSS) ROOF (WOOD
TRUSS)
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=  Airport Scope - Construction vs. Operating Emissions




=  Carbon Savings of Sustainable Forestry

Business as usual sourcing
6 g2 ==
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T ES e
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iR ’ _ :
= Grow P Transport Service life End of life
© T Construct
§ §D
™ =
° 78
o 33
a
w .
s il Sustainable forestry sources
+48% savings
widened riparian zones
longer harvest rotations
(soil carbon not estimated)




=  Carbon Savings of Sustainable Forestry
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Sustainable Forestry - Draft Procurement Outline

CarbonSmart

(EcoTrust)

FeC-— 4

Buffer Zones
Harvest Cycle

Ecosystem Health
Community & Worker
impact

FORESTRY
OPERATOR(S)

!

LUMBER MILL

v

GLULAM FABRICATOR

'

Architectural
Specification

GENERAL
CONTRACTOR




= Thursday, April 19, 2018

Thanks for
listening!

Life Cycle and Evaluation
April PPT Lunch & Learn

Sean Wittmeyer | ZGF Architects
Jacob Dunn | ZGF Architects
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[Chart about impact of
embodied vs operational
carbon — check w/jake]



Impact Categories

9 Fossil fuel combustion as well as other
natural and man made processes such
as cement production emit greenhouse
gasses (GHGs).

[ o Solar radiation
—__ passes through
\ atmosphere to warm

NN

o o Iy |

e Greenhouse gases trap
emitted infrared radiation and
bounce it back to Earth, raising
the overall temperature

e Earth absorbs
solar heat, emits it as
infrared radiation

GLOBAL WARMING

9 Sunlight causes

halocarbons to release chlorine
atoms which break down ozone
molecules

stratospheric ozone

_—

9 Depleted ozone layer allows
UVB radition to reach surface,
causes skin cancer, eye damage,
reduction of plankton, crop loss,
etc.

o Hair spray,

refrigerants, etc. emit
halocarbons (CFCs, freons,
halons) into stratosphere

OZONE DEPLETION

o S and N enter

soil and atmosphere
through acid rain and S+N

urban/industrial runoff /\

9 S and N leach

nutrients (Ca, K, Mg)
from soil and water

9 SsoIL

pollutants enter food

stream

nutient leaching leaves 9 WATER

soil less productive, removal of Ca

threatens earthworm limits shell & bone

populations production, leads to
decline in coral, fish,
& mollusc populations

ACIDIFICATION

e Hills and mountains
trap cool air and pollutants,
exacerbating effects

T
% 9 Sunlight reacts with emissions

to create ground-level ozone and
airborne particles (smog)

warm inversion layer

L ootk
o Vehicular and

industrial emissions
(VOCs, NO,) enter
atmosphere

9 Smog exposure causes respitory
illness and birth defects, impact
breathing, & decrease immune capacity

0 Agricultural, urban,
and industrial runoff
adds excess nutrients (N
+ P) to water systems

9 Excess nutrients cause
spike in plant growth (algae,
bacteria, etc.)

9 New plant population consumes all available
oxygen, creating dead (hypoxic) zones and
causing other species to flee or die

EUTROPHICATION

Type Example
Non- Ener Coal combustion for
Renewable 9y electricity
Material Crude QII as material input
to plastic
Renewable Energy Bio-fuel
Material Wood burned in a furnace

SMOG

PRIMARY ENERGY DEMAND

Source: K. Simonen, Life Cycle Assessment, 2014

Unit

MJ

MJ

M)

MJ



2016 AlA Institute Award

Building Life-Cycle
mpact Reduction

STEP 1: CALCULATE BUILDING MATERIALS

STEP 2: SELECT APPROPRIATE TOOLS AND DATA SETS FOR LCA ASSESSMENT

STEP 3: CREATE AND MODEL BASELINE BUILDING

STEP 4: SELECT RELEVANT IMPACT MEASUREMENT SYSTEMS

STEP 5: USE LCA TO MAKE DESIGN DECISIONS THAT REDUCE ENVIRONMENTAL IMPACTS
STEP 6: INCORPORATE FINAL LCA RESULTS
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ISOLATE CORE AND SHELL

Allows for reduced scope that covers those
elements that the LEED credit applies to

[] New Construction

Phases
M LEED



2016 AIA Institute Award Winners

Helps when working backwards to create a
"baseline” model for comparison

Research Questions, full-building:

What materials contribute the most (proportionately) to the environmental impact of the buildings as of the end of DD?
How does the final building (as specified at 100% CDs) compare to earlier designed options? To a “baseline building”?

Research Questions, facade:

What is the impact of the metal gauge specified for the structural battens and corrugated metal panel?

How much of the total wood amount is reduced when changing open joint dimension from 3/8” to 4" gap?

What is the impact of changing the North facade of Building C from a wood clad system to a metal clad system?

How much does service life of the wood (influenced by wood finishing product) contribute to the environmental impacts of the fagade?

What are the differences in environmental impact between the corrugated backup system and the previously specified system (Vaproshield)?
Are there measurable differences in environmental impact based on differences in durability in wood species (Western Red Cedar, Knotty Western Red
Cedar, Kebony)?

What is the resulting impact in the change in fagade from wood to metal assembly based on the biogrowth risk study?

What are the differences in material quantity for iterations of perforated panel based on opening size?

What is the impact of the backup insulation as a proportion of the building life cycle impacts?

How do the environmental impacts of a brick exterior on the base compare to those of a concrete exterior finish on the base?

How do the environmental impacts of the banded and frieze design options compare to each other?

How do the environmental impacts of a storefront system compare to those of curtainwall construction?

Research Questions, structure:

What percentage overall reductions can be made by increasing the percent of SCMs used in the concrete mix?

What are the savings made through dematerialization (increased spacing) of the wood stud system?

How do the environmental impacts of wood stud compare to those of metal stud?

What are the overall reductions that can be made to the structural components when compared against the highest impact base case?



2016 AIA Institute Award Winners
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FULL BUILDING ASSESSMENT

Where do the majority of building environmental impacts occur?




CSI Divisions
[1 03 - Concrete

[ 04 - Masonry

[ 05 - Metals

[ 06 - Wood/Plastics/Composites

) , 1 54%

[ZX 07 - Thermal and Moisture Protection /

[C"1 08 - Openings and Glazing /

[ 09 - Finishes

Global Warming Potential
Results per CSI Division
8,850,124 15,204 1,221 3,468,133 0.04037 197,339 4610E+007 4103E+007 5,071,382
kg kgsO.eq kgNeq kgCO,eq CFC-11eq Oseq M) M) MJ
e . T ST T O E T
—
| ]
50% - ’
. -
0%

Mass Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation  Primary Energy  Non-renewable Renewable
Potential Potential Potential Potential Potential Demand Energy Energy



| think you could cut the
next 6 slides



Structural Options

I 16" spacing wood framing (baseline)
I 24" spacing wood framing

B Increased SCMs from 25% to 50%

2,216,866
kgCO,eq

Potential Potential Potential

1 2 3 1 2 3 1 2 3 1 28 3 T 2% 3 1

Acidification Eutrophication Global Warming Ozone Depletion Smog Formation

1.892E+007 1.709E+007 1,828,145
M) MJ MJ
¥ 5%
12 3 1 2 3
Primary Non-renewable Renewable
Demand Energy Energy




DESIGN DEVELOPMENT
How can | reduce the impacts associated with the facade system?



2016 AIA Institute Award Winners

Comparative Results

Life Cycle Stages Design Options

I Manufacturing Option 1 - Brick (primary)
Il Maintenance and Replacement Option 2 - Conc.

3 End of Life

— Net value (impacts + credits)

5,633 7.161 0.3104 1,781 1.324E-005 98.36 15,238 14,519 1,884
kg kgCO.eq CFC-11eq M) M)

0%

1 2 1 2 M 1 2 1 2 T 2 1. 1 2 1 2
Mass Acidification Eutrophication Global Warming Ozone Depletion Smog Formation Primary Energy Non-renewable
Potential Potential Potential Potential Potential Demand Energy

Option 2 - Concrete




SCHEMATIC DESIGN

It is important to conduct Life Cycle Assessments as a part of the early decision-
making process because many of the largest contributing factors to
environmental impacts are determined early in the design process.

DESIGN DEVELOPMENT

Incremental changes to environmental impacts can be included as a part of the
feedback process throughout design to achieve exemplary performance. It is
important to conduct Life Cycle Assessment throughout this phase as a part of the
evaluation process for design options.

CONSTRUCTION DOCUMENTS

Performing Life Cycle Assessments throughout the process of detailing
assemblies can make a big difference to overall environmental impacts of a
building. This is the time to go after those last few percentage points of
improvement!

POST CONSTRUCTION

The evaluation of proposed changes during the construction process can help
avoid unintentionally increasing embodied environmental impacts.
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Architectural Mode| Structural Model MEP Model

Mass Takeoffs

e
}
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Life Cycle Impacts by Material



