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What is the relationship btwn energy efficiency measures and total carbon footprint?
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How much does insulation type contribute to environmental impact?
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What environmental impacts will my building cause after its useable life?
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Can we better articulate (and quantify) the value of building reuse?

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE



US CO, EMISSIONS

Buildings
2358 MMT CO,e
44.6%

Industry
1116 MMT CO.e
21.1%

/

/

/

Transportation
1816 MMT CO,e
34.3%

EMBODIED CARBON FROM A BUILDING PERSPECTIVE
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World Greenhouse Gas Emissions in 2005
Total: 44,153 MtCO, eq.
Sector End Use/Activity

Residential Buildings

Commercial Buildings

(tropics only)
Tﬁ:}:?;f;" HFCs, PFCs,
Harvest/Management

&% WORLD RESOURCES INSTITUTE

EMBODIED CARBON FROM A BUILDING PERSPECTIVE
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Source: J. Henry Fair

UNCOVERING ENVIRONMENTAL IMPACTS APPALACHIAN COAL MINING
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Qian’an steelworks in Tangshan
Source: Xiaolu Chu / Getty Images

UNCOVERING ENVIRONMENTAL IMPACTS STEEL PRODUCTION
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Baotou toxic lake
Source: Liam Young / Unknown Fields

UNCOVERING ENVIRONMENTAL IMPACTS REFINING RARE EARTH MINERALS
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LCA BASICS GOAL AND SCOPE DEFINITION

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE



SCOPE Construction
1 Equipment

CONSTRUCTION

SCOPE 1,2 & 3 FROM A BUILDING PERSPECTIVE
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Demolition
Equipment

Material
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SCOPE Construction Heat &

1

SCOPE

3

Roofing

Concrete

Aluminum

Glass
Insulation

SCOPE 1,2 & 3 FROM A BUILDING PERSPECTIVE
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Global warming potential (GWP)
Acidification potential (AP)
Eutrophication potential (EP)
Ozone depletion potential (ODP)
Smog potential (SP)

Primary Energy Demand (PED)

Fossil fuel combustion as well as other
natural and man made processes such
as cement production emit greenhouse

i O soier radistion
—____ passesthrough

atmosphere to warm gasses (GHGs).

~/GHGs ~

N

ooo

(4] 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

o 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

@ sou

pollutants enter food
stream

nutient leaching leaves @ waTER

soil less productive, removal of Ca
threatens earthworm limits shell & bone
populations production, leads to

decline in coral, fish,
& mollusc populations

ACIDIFICATION

- gsunlightcau‘ses "
—— alocarbons to release chlorine

SN atoms which break down ozone
\ molecules
N\ T .
Sll’atospherlc ozone

- — © Depieted ozone layer allows

UVB radition to reach surface,
causes skin cancer, eye damage,
reduction of plankton, crop loss,
etc.

@ v spray,

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

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

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

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

EUTROPHICATION

9 Sunlight reacts with emissions 0 Hills and mountains

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

warm inversion layer

<

GLOBAL WARMING

IMPACT ASSESSMENT IMPACT CATEGORIES

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

OZONE DEPLETION

_o Vehicular and (3] Smog exposure causes respitory
industrial emissions iliness and birth defects, impact

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

SMOG

Source: K. Simonen, Life Cycle Assessment, Routledge, 2014
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LOBLOLLY HOUSE: UNBOLT, DETACH, REASSEMBLE

ELEMENT INTEGRATION

KIERANTIMBERLAKE

Loblolly House, located on the  This entry conducts a virtual
shore of the Chesapeake Bay,  house disassembly/reassembly, ..
represents a novel approach an embodied energy and carbon
to pre-fabricated and modular
housing concepts. The house
introduces off-site fabricated
elements which are detailed
for on-site assembly, future potential of a near 100% waste
d bly and redepl diversion design intent.

footprint analysis and accounts
a design-for-reassembly
scenario to evidence the

CARBON INVENTORY BY ELEMENT

=2 oy

STAIRS RAIN SCREEN

MATERIAL m Codar
WEIGHT (LBS)

2000 bs. steel 2496 s, cadar
EMBODIED ENERGY
(Keal) 854,000 Keal steed 135,988 Keal codar
CARBON FOOTPRINT
(s cod)t 3300 bs steel. 3360 10, cdar

DESIGN FOR

REASSEMBLY .

RECYCLE

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

ROOF CARTRIDGES

PO Mem
brane

WALL CARTRIDGES

Venter Pywood

0
o
(]
3

Wood Studs

28627 glass
12359 s birch
268215 PU foam

4340.999 Keal lass
16,733,620 Keal birch
383520 Keal PU foam
735,884 Kcal cement board
216,683 Kl wood studs
2289 s glass
0381 s brch
115,357 fos. U foarn

FLOOR CARTRIDGES

BATT insudtion

Bamboo

o
.
3
0
3

oeces (aess

8549 . suminum
1000 o3, steel

177,000,000 Keal auminum
2,427,000 Kcal see!

102,583 . stuminum
1.900 bs. stee

| I’y
MW 1
e I @I W e
@ @ 'l
S

11,602 1. ples
5,100 s, tmber

4471763 Keal ples
2,000,110 Keal timber

13,226 s, piles
5916 Ib. tmber

CO2 RECOVERED
205,545 LBS
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= D= 8- 8-
;E'-m _; — . Stem Arsee
G o l ......................
: i 1800 of buliding
TOTAL EMBODIER WL KWH 2224 kAN TAAZI kN HE =Y 5 THAAR KN 148,508 KWh LRI 238,000 KWh 15264 Kem I LBAT.TH0 kiWh
TNEEOY H D880 kwh/sl
PIRCINT RICOWERED b irirs, 100 100 100 100 100 100% 100% 3 84.95%
FMBCITE ENEROY TS kW T2.234 kih TLAZTIkih FLETT kh TLAAR N 144,008 kh B4 kish 2,00 kWH Okwn 1531570 kwh
RECOVIRID . = BS1WWh/sl
MATERIAL NextGen . :
Bosch Smart Schiico
Aluminum " Glass
Framing Wrap
(PET)
Steel Aluminum Schico
Frame
Bolts : TOTALS
i 1,800 sf building
TOTAL EMBODIED 955,631 kWh 22,224 KWh 71,423 KWh 1,547,790 kWh
ENERGY : 860 kWh/sf
PERCENT RECOVERED 99.99% 100% 100% 98.95%
EMEBODIED ENERGY 954,675 kWh 22,224 KWh 71,423 KWh 1,531,570 kWh
ikmtcidssivsea S NSRS NS S BS1kWh/sf ...
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TYPICAL WORKFLOW
SCHEMATIC DESIGN CONSTRUCTION LIFE CYCLE
DESIGN DEVELOPMENT DOCUMENTS ASSESSMENT
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SCHEMATIC DESIGN P» CONSTRUCTION
DESIGN LCA DEVELOPMENT LCA DOCUMENTS
MODELING MODELING
\ J

TYPICAL VS. ITERATIVE LCA WORKFLOW
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DATA AND COMPLEXITY THE PROBLEM WITH COUNTING
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Performance Criteria Modeling & Design

Simulation Decisions
BLDG SYSTEMS
& MATERIALS
NATURAL RESOURCE
CONSUMPTION > |IFE CYCLE ASSESSMENT ENVELOPE ASSEMBLY
OPERATING ; \
COST
COST ESTIMATE = GLAZING RATIO
INDOOR AIR ENERGY \

\

QUALITY USE

ENERGY MODEL : MASSING
BLDG
LIGHTING MAINTENANCE / ;
CONDITIONS DAYLIGHT STUDIES ROOM/FLOOR LAYOUTS

Y
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tally About ~ Support +  Download News
®

Introducing Tally
K N ow The first LCA app that lets you calculate the
environmental impacts of your building

material selections directly in an Autodesk®

Revit® model.
Click to download a free trial

WHOLE BUILDING LCA DESIGN OPTION COMPARISON MATERIAL SELECTION
Assess the embodied environmental impact of your Compare two or more distinct sets of building Compare LCA impacts and ingredients of materials
entire building. Benchmark your impact throughout components side by side. and assemblies, including information from
design. manufacturer EPDs.

A joint development project from KT Innovations, thinkstep, and Autodesk
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= Famiy: Basic Wal
Type: Ext. - Brick Veneer on Mt. Stud
Total thickness: rare Sample Height: 10
Resistance (R): 0.0000 (h-ft2<F)/BTU
Thermal Mass: 0.0000 BTU/*F
Layers
EXTERIOR SIDE
Function Material Thickness | Wraps | Structural Materisl | ~
T [Fnsh1[H] Masonry - Brick Norman Run__ 0’ 35/8"
2| Thermalfir Layer (3] Misc. Air Layers - AirSpace 0 2° u
3| Thermalfir Loyer 3] Insulstion / Thermal Barriers - 0' 4 ]
1| cCore Layers Above Wrap 00"
5| substrate 2] Wood - Sheathing - plywood 0 0578 | |
[ [ st Metal - Stud Layer 05 ul
7| core Layers Below Wrap o0
8| Membrane Layer Vapor / Moisture Batfiers - Va (=1 0' 0" (]
9 |Finish 2 [3] GypBd 0 05/ ] i
INTERIOR SIDE
[ met | oeete [ w  |[ pom |
Default irapping
At Inerts At Ends:
[penotwren =] [interior -
Modify Vertical Structure (Section Preview only)
Jd I
< v
= 0 =
Co e I

1. Revit materials take-off

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION
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Famiy: Basic Wall
Type: Ext. - Brick Veneer on M. Stud
Totel thidness: 1 47/8" Sample Helght: 4 0"
Resistance (R); 0.0000 (h-ft2<F)/BTU
Thermal Mass: 00000 BTU/F
L
e EXTERIOR SIDE
Function Material Thickness | Wraps
T [Finish1 (] Masonry - Brick Norman Run 0" 35/8" u
2 | ThermalfAirLayer (31 Misc. Air Layers - AirSpace 0 2° 1
3| ThermalfAir Layer (3] | Insulation / Thermal Barriers - 0 4" 1
1| Core Above Wrap 00"
5| Substrate 2] Wood - Sheathing - plywood 0’ 05/8" |
6 | Structure (1] Mietal - Stud Layer 05 ul
7| Core Layers Below Wrap 00"
8| Membrane Layer Vapor / Moisture Barfiers - Va (=) 0' 0" n
9| Finish 2 (5] GypEd 0 0578 u
INTERIOR SIDE
[ met | oeete [ w  |[ pom |
Default Wrapping
At nserts: At Ende:
[penotwren =] [interior -
Mody VerticalStructure (Secton Preview oniy)
[ wogfy ] [ Megeregons | | Sweeps ]
[ asigniayes | [ spitRegon | | Revesls ]
—

e e 2222 2 e - waam

1. Revit materials take-off

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

@Help - (\DefineScope | % Refresh | & Save Report

Project Browser
Model | Category | Family | Material

EXT Glazing
EXT Glazing Assembly - 3' ("1 3/4") MAX
EXT Glazing Assembly - Vision - 2-10° (28 1/4") MAX
.6 Parapet Backup
Ext. - 6" Brick Veneer Backup w/ Insulation
Ext. - 6° Brick Veneer Backup w/ Insulstion (STC 53)
® © Bx.-6" Roof Curb
6" Zine Panel
Ext. - 6" Zinc Panel w/ Insulation
Ext. - 6" Zinc Panel w/ Insulation (no finish)
6. - 6" Zinc Panel w/ Insulation (no wrap)
@ © Bxt.-6" Zinc Panel w/ Insulation (STC 53)
Bt
Bt

6" Zinc Parapet
6" Zine Parapet w/ Insulation
® © Bxt.- Brick Screen Assembly
@ O Bxt.- Brick Veneer
- @ Bxt. - Brick Veneer on Mtl. Stud
°
© Misc. Air Layers - Air Space
@ Insulation / Thermal Barriers - Rigid insulation
@ Wood - Sheathing - plywood
© Metal - Stud Layer
@ Vapor / Moisture Barriers - Vapor Retarder
© Gypd
@ © Bxt.- Concrete Base - 12°
@ Ext. - Double Brick Wall on Mtl. Stud Support
@ © Ext.- Water Feature Base -12°

®

e - Ot

© KiessnTimberlake Innovations

Tally™ Version 2013-09-05-01 (BETA) Data by PE Intemational

Information ‘

Revit Takeoffs

Total Instance Count : 12

Total Wall Area : 1027 m*
Total Wall Perimeter: 2057 m
Total Wall Length: %52m
Layer Thickness : 921 mm
Revit Material

Masonry - Brick Norman Running Bond
in Bxt. - Brick Veneer on M. Stud

Entry
04 - Masonry : Brick, ungrouted

Description
3675 x225 x8" brick including user-specified mortar and
reinforcement (none/low/high)

Components.
18915004 kg of Brick generic
by modeled volume, using & defautt value of 100 % Solid

2914 kg of Mortar Type N
eled volume, using a predefined value for 3/8" joint’ of
181236674 % Solid

23626003 kg of Steel, reinforcing rod
by modeled ares, using & predefined value for ‘Low reinforcement
of 23605 kg/m*

2. Create hill of materials

8 MARCH 2016 | © KIERANTIMBERLAKE



—  Famiy: Basic Wall
Type: Ext. - Brick Veneer on M. Stud
Totel thidness: 1 47/8" Sample Helght: 4 0"
Resistance (R); 0.0000 (h-ft2<F)/BTU
Thermal Mass: 00000 BTU/F
L
e EXTERIOR SIDE
Function Material Thickness | Wraps ol |~
T [Finish1 (] Masonry - Brick Norman Run 0" 35/8" u |
2 | ThermalfAirLayer (31 Misc. Air Layers - AirSpace 0 2° 1
3| ThermalfAir Layer (3] Insulation / Thermal Barriers - 0' 1
1_| Core Boundary Layers Above Wrap 00"
5| Substrate 2] Wood - Sheathing - plywood 0’ 05/8" |
o [ Stueure) Mietal - Stud Layer 05 ul
7_| Core Boundary Layers Below Wrap 00"
8| Membrane Layer Vapor / Moisture Barfiers - Va (=) 0' 0" n
9| Finish 2 (5] GypEd 00578 u i
INTERIOR SIDE
[ met | oeete [ w  |[ pom |
Default Wrapping
At nserts: At Ende:
[penotwren =] [interor -
Mody VerticalStructure (Secton Preview oniy)
- [ ety | [ Megeregons | | Sweeps ]
q = 5
[ asigniayes | [ spitRegon | | Revesls ]
CoJiem I
. .
1. Revit materials take-off
e =

@

Tally™ Materiol Dotabase

-
& 09 - Finishes
& Wall covering
Wall board, gypsum
Wiall board, gypsum, fre-resistant (Type X)
Wall board, gypsum, foil-backed

Define Ingredients and Takeoffs

Wall board, gypsum, natural

Finish

@Help + | ) DefineScope | % Refresh | | L Save Report

Wall board, gypsum, moisture- and mold-resistant

Tally™ Version 2013-09-05-01 (BETA)

Information

Apply | Cancel
Revit Takeoffs
Total Instance Count : 12
Total Wall Area: 1027 m?
Total Wall Perimeter: 2057 m
Total Wall Length : %52m
Layer Thickness : 159 mm
Revit Material

in Ext. - Brick Veneer on MY. Stud

- [byVolume  +| [Use default value

Latex Interior Paint Coverage Rate

[Pain, Intesior Acrylic Latex

B =

Manually specify

© KieranTimberlake Innovations
ata by PE Intemational

3. Link to database

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

‘ @Help - () DefineScope % Refresh X SaveReport

Project Browser

Model | Category | Family | Material Legend - | Display:

@ © EXT Glazing Assembly
@ @ EXT Glazing Assembly - 3' ("1 3/4") MAX

@ © EXT Glazing Assembly - Vision - 2-10° (28 1/4") MAX
® © Ex.-6" Parapet Backup

@ © Bxt.-6" Brick Veneer Backup w/ Insulation

 © Ext. - 6" Brick Veneer Backup w/ Insulstion (STC 53)
£x. - 6" Roof Curb

®
@ © Bxt.-6" Zinc Panel w/ Insulation

@ © Ext.-6" Zinc Panel w/ Insulation (no finish)
@ © Bxt.-6" Zinc Panel w/ Insulation (no wrap)
@ © Bxt.-6" Zinc Panel w/ Insulation (STC 53)
® © Bx.-6" Zinc Parapet

@ © Bxt.-6" Zinc Parapet w/ Insulation

® © Bxt.- Brick Screen Assembly

@ O Bxt.- Brick Veneer

@ . - Brick Veneer on Mtl. Stud

© Misc. Air Layers - Air Space
@ Insulation / Thermal Barriers - Rigid insulation
© Wood - Sheathing - plywood
© Metal - Stud Layer
© Vapor / Moisture Barriers - Vapor Retarder
© Gypd

@ © Bxt.- Concrete Base - 12°

@ © Ex.- Double Brick Wall on Mtl. Stud Support

@ © Ext.- Water Feature Base -12°

© KiesanTimberlake Innovations

Tally™ Version 2013-09-05-01 (BETA) Data by PE Intemations!

Information

Display Units :

Revit Takeoffs
TotalInstance Count: 12
Ares:

Total We : 1027 m*
Total erimeter: 2057 m
Total Wall Length: %52m
Layer Thickness : 921 mm
Revit Material

Masonry - Brick Norman Running Bond
in Bxt. - Brick Veneer on M. Stud

Entry
04 - Masonry : Brick, ungrouted

Description
3675.x 225 x8" brick including user-specified mortar and
réinforcement (none/low/high)

Components
18915E~004 kg of Brick, generic
by modeled volume, using a default value of 100 % Solid

2914 kg of Mortar Type N
‘modeled volume, using a predefined value for '3/8" joint' of
181236674 % Solid

23626-003 kg of Steel, reinforcing rod
‘modeled sres, using & predefined value for ‘Low reinforcement
of 23605 kg/m*

2. Create hill of materials

8 MARCH 2016 | © KIERANTIMBERLAKE



@Help » () DefineScope | % Refresh | X SaveReport

Project Browser
Model | Category | Family | Material

EXT Glazing Assembly
EXT Glazing Assembly - 3' (31 3/4") MAX

EXT Glazing Assembly - Vision - 2-10° (28 1/4") MAX
.6 Parapet Backup

Ext. - 6" Brick Veneer Backup w/ Insulation

Ext. - 6" Brick Veneer Backup w/ Insulstion (STC 53)
£x. - 6" Roof Curb

Ext. - 6" Zinc Panel

Ext. - 6" Zinc Panel w/ Insulation

Ext. - 6° Zinc Panel w/ Insulation (o finish)

Ext.- 6° Zinc Panel w/ Insulation (no wrap)

Ext. - 6" Zinc Panel w/ Insulation (STC 53)

.- 6" Zinc Parapet

Ext. - 6" Zinc Parapet w/ Insulation

Bxt. - Brick Screen Assembly

Bxt. - Brick Veneer

Ext, - Brick Veneer on Mtl. Stud

o

© Misc. Air Layers - Air Space

@ Insulation / Thermal Barriers - Rigid insulation
© Wood - Sheathing - plywood

Lo R N N R RCRCRONCRCRCRCY
90000000COOOOOOODO

© Metal - Stud Layer
© Vapor / Moisture Barriers - Vapor Retarder
O Gypdd
@ © Bxt.- Concrete Base - 12°
& @ Ext. - Double Brick Wall on Mtl. Stud Support
© © Ext.- Water Feature Base -12°

s+ gy s =

© KiersnTimberlake Innovations

Tally™ Version 2013-09-05-01 (BETA) Data by PE Intemations!

-

Revit Material
Masonry - Brick Norman Running Bond
in Ext. - Brick Veneer on M. Stud

Entry
04 - Masonry : Brick, ungrouted

Description
35675x 225 x8" brick including user-specified mortar and
reinforcement (none/low/high)

Components
18915€-004 kg of Brick, generic
by modeled volume, using a default value of 100 % Solid

2914 kg of Mortar Type N
by modeled volume, using a predefined value for 3/8" joint’ of
181236674 % Solid

23626003 kg of Steel, reinforcing rod
by modeled ares, using & predefined value for ‘Low reinforcement
of 23605 kg/m*

2. Create hill of materials

Edit Assembly
A Famil Basic Wall
Type: Ext. - Brick Veneer on MH. Stud
Totalthickness: 1 47/ Sample Height: 4 0"
Resistance (R): 0.0000 (h-ft2<F)/BTU
Thermal Mass: 0.0000 BTU/*F
Ls
WS EXTERIOR SIDE
Function Material Thickness | Wraps
1 [Finish1 4] Masanry - Brick Norman Run_0' 35/8" u
2 | ThermalfAir Loyer (31 Misc. Air Layers - Air Space /0 2" 1
3 | ThermalfAir Loyer (3] Insulation / Thermal Barriers - /0 4" ]
1 |G Layers Wrap o0
5 | substrate [2] Wood - Sheathing - plywood  0' 05/8" | |
6 | Structure [1] Metal - Stud Layer 06
@
7 |G ap o0
8 | Membrane Layer Vapor / Moisture Barfiers - Va () 0' 0" ]
9 | Finish 2 (51 GypEd 0 058" Ol
INTERIOR SIDE
Defauit Wrapping
At Ingerts: At Ends:
[penotwren =] [interor -
Modify Vertical Structure (Section Preview only)
- [ meafy | [ mergeregens | | Sweeps ]
a = v
[ assonisyers | [ spithegon | | Revedls ]
o [ |
. .
1. Revit materials take-off
o = 3
@Help ~| O DefineScope | % Refresh | [k Save Report Tally™ Version 2013-09-05.-01 (BETA)  © MersnTimberlake Innovations

Data by PE Intemational

Tally™ Materiol Dotabase
mrecxfor | Aorly
=09 - Finishes
Viall board, gypsum, fire-resistant (Type X)

Wall board, gypsum, foil-backed
Wall board, gypsum, moisture- and mold-resistant

Define Ingredients and Takeoffs

e (-

[ wall board, gypsum, natural

Finish
[paint, Inten ) [byAres

| [byVolume | |Usedefault value B (1

Latex Interior Paint Coverage Rate

Manually specify
Use default value
1 Coat

3. Link to database

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

i
el

il

4. Generate reports
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Legend Results per Life Cycle Stage, itemized by CSI Division

— Net value (impacts + credits) 3,240,337 10,399 869.2 2430836 0.05922 126,765 3.241E+007 2951E+007 2,981,019
kg kgsOzeq kgNeq kgCO2eq CFC-1leq O3eq M M) MI

Manufacturing 100%

- 03 - Concrete

I 04 - Masonry

[ 05 - Metals

= o6 - Wood/Plastics/Composites
[ 07 - Thermal and Moisture Protection
- Openings and Glazing

- Finishes

Maintenance and Replacement

- 03 - Concrete

- 04 - Masonry

[ 05 - Metals

- 06 - Wood/Plastics/Composites
[ 07 - Thermal and Moisture Protection
[ 08 - Openings and Glazing

[ 09 - Finishes

End of Life

- 03 - Concrete

[ 04 - Masonry

[ 05 - Metals

[ o6- Wood/Plastics/Composites
[ 07 - Thermal and Moisture Protection Mass Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation  Primary Energy  Non-renewable Renewable
[ 08 - Openings and Glazing Potential Potential Potential Potential Potential Demand Energy Energy

[—1 09 - Finishes

Building Mass 8 Impact Categories

materials by o
) ] rimary Energy
organized Materials renewable

by CSI non-renewable

S Acidification
Division and Eutrophication
life cycle Global Warming Potential
Ozone Depletion
stage Smog Formation

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE



93,362 0.002048 8,754 1,514,605 1,368,253 178,687
kgCO2eq CFC-1leq M) M)

100%

Design Options
Option 1 - Corrugated Shingle

Option 2 - Panel (primary)

Manufacturing

I 05 - Metals 50%
B o5 - Wood/Plastics/Composites

07 - Thermal and Moisture Protection

08 - Openings and Glazing

09 - Finishes

1l

Maintenance and Replacement

I 05 - Metals 0%
06 - Wood/Plastics/Composites

07 - Thermal and Moisture Protection

08 - Openings and Glazing

09 - Finishes 3%

ORN

1 2
nd of Life Mass

05 - Metals
06 - Wood/Plastics/Composites

07 - Thermal and Moisture Protection
08 - Openings and Glazing

09 - Finishes

1 2 1 2 1 2 1 2
Ozone Depletion Smog F i Primary Energy N !
P ial Potential Demand Energy

m

9

0RO

T |

Option 1 — Corrugated Shingle Cladding Option 2 — Translucent Panel Cladding

COMPARING DESIGN OPTIONS WITH TALLY

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE
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FULL BUILDING ASSESSMENT CHARLES DAVID KEELING APARTMENTS, UCSD
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84%

Global Warming Potential

Legend
—— Net value (impacts + credits)

Impact Sources

I Materials
[ Operational Energy

WHOLE BUILDING LCA CHARLES DAVID KEELING APARTMENTS, UCSD

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

Which elements of building design have
the largest carbon footprint?

84%

Global Warming Potential by Material Location

Legend
— Net value (impacts + credits)

Material Location

- Structure

[ envelope

[ Finishes

B interior Partitions
Operations

[ Electrical + Thermal

8 MARCH 2016 | © KIERANTIMBERLAKE



CSI Divisions

03 - Concrete

05 - Metals

06 - Wood/Plastics/Composites

07 - Thermal and Moisture Protection
08 - Openings and Glazing

09 - Finishes

B0AART0

Global Warming Potential

Results per CSI Division

3.014E+007 48,318 4,983 1.143E+007 0.1818 655,485 1.099E+008 1.022E+008 7,655,166
o kg kgSOzeq kgNeq kgCOzeq CFC-11eq Oseq MJ M) MJ
g 1 1 —
50% [— —
0%
Mass Acidification Eutrophication ~ Global Warming Ozone Depletion Smog Formation Primary Energy ~ Non-renewable Renewable
Potential Potential Potential Potential Potential Demand Energy Energy

FULL BUILDING ASSESSMENT CHARLES DAVID KEELING APARTMENTS, UCSD

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE
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Concrete members

Rain screen
panels

Beams

Walls
Floors &
stairs 100%
50%
CSI Divisions
|:] 03 - Concrete
A
Design Options | :
Option 1 - Concrete, 00% Fly Ash ]
Option 2 - Concrete, 25% Fly Ash (|
Option 3 - Concrete, 50% Fly Ash

MATERIAL COMPARISONS

Results per CSI Division

Does it matter what type of concrete the project
specifies (% fly ash) ?

Can the structural system be optimized to minimize
resource use and construction time?

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 M) M)
=== —mr | [ ] ] | A S
i @ 0 [EE | [P | BEE
Y 22 3 Y 22 3 1. :2° 3 1 2 3 ¥ 22 3 1 2 3 1 2 3 Y 2 3 1 23
Mass Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy  Non bl R b
P ial P ial P ial P ial Potential Demand Energy Energy

FULL BUILDING ASSESSMENT CHARLES DAVID KEELING APARTMENTS, UCSD

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION
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Concrete members

Rain screen
panels
specifies (% fly ash) ?
Beams resource use and construction time?

MATERIAL COMPARISONS

Does it matter what type of concrete the project

Can the structural system be optimized to minimize

Walls
Results per CSI Division
FIOOrS & 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 M) M)
stairs 100% fhot
- LT | B13% | = u — = || =
=== =] =T
i @ 0 [EE | [P | BEE
50%
CSI Divisions ]
|:] 03 - Concrete L |
A
Design Options | :
Option 1 - Concrete, 00% Fly Ash ]
Option 2 - Concrete, 25% Fly Ash (|
Option 3 - Concrete, 50% Fly Ash Y 72 3 Y 72 3 1.:2 3 1.2 3 Y 22 3 X 2 3 1 2 3 Y 22 3 1 2 3
Mass Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy  Non bl R bl
P ial P ial P ial P ial Potential Demand Energy Energy

FULL BUILDING ASSESSMENT CHARLES DAVID KEELING APARTMENTS, UCSD

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION
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LCA & Energy Efficient Buildings

What is the relative importance of building elements tied to
increased energy efficiency?

How can | evaluate novel assemblies or materials?

Results per CSI Division

- 699,490 2,483 3833 445,701 0.005844 38,528 6,296,297 5,419,797 876,500
- kgSO2eq kgNeq kgCO2eq CFC-11eq O3eq MJ MJ MJ
! - . l . I r
S
50% . i | —
CSI Divisions [ —
03 - Concrete =
| 04 - Masonry S
05 - Metals | [ ' ' | i [
06 - Wood/Plastics/Composites _——
07 - Thermal and Moisture Protection | [ | . | il [ | [ ‘ . i
08 - Openings and Glazing 0% |
09 - Finishes Mass Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy N bl R bl
Potential Potential Potential Potential Potential Demand Energy Energy

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE



Results per CSI Division, itemized by material

03 - Concrete 07 - Thermal and Moisture Protection
[ Cast-in-place concrete, reinforced structural, 4000 psi [ Closed cell, polyurethane foam, spray-applied 69?"490 :4 égg x 6'29';5:'297 5419.797 570:300
[__] Reinforced concrete footing | Expanded polystyrene (EPS), board 100% < Ig i Ll
[ Reinforced slab, exclusive of deck |:| Fluid applied synthetic polymer air barrier - |
Fli polymer-coated all flashing o = ﬁ
04 - Masonry 1 Mineral wool, board, generic = -
[0 Limestone veneer wall, grouted [ Open cell, polyurethane foam, spray-applied
|:| Polyethelene sheet vapor barrier (HDPE)

05 - Metals [ Polyisocyanurate (PIR), board —
[0 Aluminum, extrusion [] PVC roofing membrane, sheet
[ Aluminum, honeycomb backer / substrate == proofing, modified bitumi sheet
2:‘;':{”;:;:’;“‘ 08 - Openings and Glazing — ==
[ Ssteel, composite form deck Door frame, steel, galvanized
[ Steel, C-stud metal framing 1 Door frame, wood
[ steel, furring channel [ Door, exterior, steel 50%
[ Ssteel, hollow structural section [ Door, exterior, wood, solid core
[ Steel, MC section 1 Door, interior, glass
[ Ssteel, plate [ Door, interior, steel
[ Ssteel, round tubing [ Door, interior, wood, structural composite core —
[] Steel, sheet, stainless == Glazing, double pane IGU
[ Steel, wide flange shape [ Glazing, monolithic sheet -

4 Glazing, triple pane IGU b
06 - Wood/Plastics/Composites E Wi“d':f,;, f,:m::,umimm
Composite wood I-joist [J Window frame, wood

Domestic hardwood ..

[ Oriented strandboard (OSB) 09 - Finishes
[ ] Paneling, interior B Acoustic ceiling system, fabric faced fiberglass
:l Parallel strand lumber (PSL) I Ceramic tile, glazed 0%
[ Plywood, exterior grade [ Flooring, solid wood plank Mass Global Warming Primary Energy Non-renewable Renewable
[ Pplywood, interior grade Stone tile Potential Demand Energy Energy
: Wood framing [ Tile backer board

[1 Wall board, gypsum

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE



Design Options
Option 1 - As Designed
Option 2 - As Built

CSI Divisions
1 o3-
04-
05-
[ o6-
07 -
[ o8-
I o09-

Concrete

Masonry

Metals
Wood/Plastics/Composites
Thermal and Moisture Protection
Openings and Glazing

Finishes

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

Changes between project phases

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

Results per CSI Division

180,328 125,639 1,637,887 1,421,965 307,000
k kgCO2 MJ MJ M)
100% 2 2 i I
50% b
B = - -
I =l
I -
0%
1 2 1 2 1 2 1 2 1 2
Mass Global Warming Primary Energy Non-renewable Renewable
Potential Demand Energy Energy

8 MARCH 2016 | © KIERANTIMBERLAKE




Option 1 - As Designed Option 2 - As Built

07 - Thermal and Moisture Protection 07 - Thermal and Moisture Protection

Cellulose insulation, blown
Cellulose insulation, board
Closed cell, polyurethane foam Closed cell, polyurethane foam
Mineral wool, board, generic
Open cell, polyurethane foam
Polyisocyanurate (PIR), board
Polyethelene sheet vapor barrier

PVC roofing membrane, sheet

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

UNLE N
IRCEW

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

100%

50%

Results per CSI Division, itemized by material

180,328 125,639 1,637,887
kg kgCO2eq MJ

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)?

1,421,965 307,000
M) M)
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Option 1: Concrete

STRUCTURAL SYSTEM COMPARISON
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Option 2: Steel
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South Facade
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Option 1: Storefront and Frame Option 2: Unitized Curtainwall

FACADE OPTIONS
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FACADE SYSTEM COMPARISONS
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Acidification Eutrophication  Global Warming Ozone Depletion Smog Formation Primary Energy Non-renewable Renewable
Potential Potential Potential Potential Potential Demand Energy Energy
CSI Divisions Design Options
1 05 - Metals Option 1 - Stud with Mineral
[ o6 - Wood/Plastics/Composites Option 2 - Stud with PIR
1 07 - Thermal and Moisture Protection Option 3 - Unitized with Mineral
[ 08 - Openings and Glazing Option 4 - Unitized with PIR

[ 09 -
FACADE SYSTEM COMPARISONS MAJOR CONTRIBUTORS

Finishes
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kgheg
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123456789
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Design Options
B ccliulose blown {primary)
I closed cell PUR foam
B crs board
[ Glass fiber blanket
I Mineral wool board

COMPARING INSULATION TYPES
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CSI Divisions Design Options
[ 05 - Metals Option 1 - Stud with Mineral
[ 06 - Wood/Plastics/Composites Option 2 - Stud with PIR
[ 07 - Thermal and Moisture Protection Option 3 - Unitized with Mineral
[ 08 - Openings and Glazing Option 4 - Unitized with PIR
1 09 - Finishes

COMPARING INSULATION TYPES

LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION 8 MARCH 2016 | © KIERANTIMBERLAKE



DESIGN DRIVERS
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CONSERVATION AND EXPERIENCE

GENERATION FACAD E Thermal comfort
Optimized thermal transfer Daylight and glare

Optimized solar transfer D ES I G N _User_ control
Optimized window to wall ratio Views in and Qut
\ PV integration potential / \ Beauty and delight /
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First Costs

Maintenance Costs
Operational Costs

DESIGN DRIVERS
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ENERGY OCCUPANT
CONSERVATION AND EXPERIENCE

GENERATION FACAD E Thermal comfort
Optimized thermal transfer Daylight and glare

Optimized solar transfer D ES I G N _User_ control
Optimized window to wall ratio Views in and Qut
\ PV integration potential / \ Beauty and delight /
COST
First Costs

Maintenance Costs
Operational Costs
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LIFECYCLE ASSESSMENT FOR BUILDINGS AND CONSTRUCTION

Opportunities

Designers should be taking a leadership
position on understanding environmental
impacts of their designs

Every impact associated with a building
Is the result of a design decision

New tools and workflows are making LCA
more efficient and assessable to designers.

Challenges

Interpretation of results is still difficult
LCA will always be data intensive.

Low availability of high-quality data on
products and assemblies

Benchmarking is a huge challenge!
LCA community is small, poorly funded

LCA isn’t a perfect methodology (doesn’t
cover all of our concerns)
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tally About ~ Support +  Download News
®

Introducing Tally

The first LCA app that lets you calculate the
environmental impacts of your building
material selections directly in an Autodesk®
Revit® model.

Click to download a free trial

WHOLE BUILDING LCA DESIGN OPTION COMPARISON MATERIAL SELECTION
Assess the embodied environmental impact of your Compare two or more distinct sets of building Compare LCA impacts and ingredients of materials
entire building. Benchmark your impact throughout components side by side. and assemblies, including information from
design. manufacturer EPDs.
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