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4 WHAT DROVE MY
o THESIS TOPIC?

HOW CAN | PERSONALLY MAKE AN
ENVIRONMENTAL IMPACT THROUGH
MY DESIGNS?

ENVIRONMENTALISM
UNTOUCHED EXISTING ENVIRONMENT
FUTURE FOR OUR WORLD

CLIMATE CHANGE
CO2 EMISSIONS

MAKING CHANGES

WHO IS RESPONSIBLE?




WHAT IS MY GOAL?

MY GOAL IS TO FIND A
WAY THAT COULD
DIRECTLY IMPACT MY
RESPONSIBILITY FOR
CLIMATE CHANGE.
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ABOUT CARBON EMISSIONS

WHAT IS EMBODIED CARBON? EMBODIED CARBON GLOBAL IMPACT

EMBODIED CARBON REPRESENTS THE "ANNUALLY, EMBODIED CARBON IS RESPONSIBLE
CARBON EMISSIONS THAT GO WITH MAKING FOR 11% OF GLOBAL GHG EMISSIONS AND 28% OF
BUILDING PRODUCTS AND CONSTRUCTION GLOBAL BUILDING SECTOR EMISSIONS.”

RAW MATERIAL EXTRACTION TO IT IS ANTICIPATED THAT EMBODIED CARBON WILL
MANUFACTURING, TRANSPORTATION, AND BE RESPONSIBLE FOR 72% OF THE CARBON

END OF LIFE DISPOSAL OR RECYCLING. EMISSIONS ASSOCIATED WITH GLOBAL NEW

CONSTRUCTIONBETWEEN NOW AND 2030."
EMBODIED CARBON PLAYS A SIGNIFICANT
AMOUNT OF IMPACT OF THE ANNUAL
GLOBAL CARBON EMISSIONS.

MATERIAL SELECTION AND SPECIFICATION
THROUGH DESIGN ALLOWS MANY
OPPORTUNITIES FOR CARBON REDUCTION.



Raw Material
Extraction

Disposal/Recycling

LIFE CYCLE
ASSESSMENT

Manufacturing/
Assembly

Use

Transportation &
Distribution

CARBON IMPACTS OF GYPSUM BOARD

FOSSIL
FUEL
co,

INGREDIENTS:
RAW GYPSUM
SYNTHETIC GYPSUM
PAPER

A

END OF LIFE:
Gypsum board can be recycled at its end of life to
be used in new gypsum board products

MANUFACTURING PROCESS

>

GYPSUM WATER, FIBERS, FACED WITH BOARDS
HEAT-DRIED & ADDITIVES PAPER HEAT-DRIED

©2020 2030 Inc./Architecture 2030. All Rights Reserved
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CARBON IMPACTS OF CONCRETE CARBON IMPACTS OF STEEL

REACTION
co, BOF INGREDIENTS: |ELECTRIC ARC FURNACE (EAF)
IRON ORE
Fgusst L LIMESTONE co EAF INGREDIENTS:

1,400-2,000° C RECYCLED STEEL (~25%)

co RECYCLED STEEL (~97%)

2

INGREDIENTS: OTHER ELEMENTS (3%)
LIMESTONE Co,*
SILICA
ALUMINA Vs ~50%
GYPSUM LESS CO,

EMISSIONS

Cco

I

2

END OF LIFE:

Concrete can be ground up at the end of its useful
life to make aggregate for new concrete.

* If exposed to air, concrete will absorb some CO,

o> 0

AI CEMENT WATER AGGREGATE

MOST STEEL MEMBERS ARE RECYCLED /Y%
AT THE END OF THE BUILDING'S LIFE ’.4}

TYPICALLY 25% RECYCLED
0T
71% OF GLOE

©2018 2030 Inc./Architecture 2030. All Rights Reserved

COMPONENTS OF CONCRETE
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CARBON IMPACTS OF WOOD PRODUCTS CARBON IMPACTS OF CARPET

RAW MATERIALS PRIMARILY IMPACT
S ——

Many mills kiln-dry lumber using

the wood residues from the MATERIALS:
Klw DRMITH FOSSIL FUELS miIIing process. This is PILE VARIETIES

considered biogenic carbon. —
NYLON &z
co, POLYPROPYLENE ¢ /2
stored Vs POLYESTER 4%

co, co wooL @
RECYCLED CARPET #%

FOSSIL
FUEL
co,

ELECTRIC
IMPACTS EMBC

BACKING VARIETIES co,
rt)ﬁgil:ﬂég* o POLYPROPYLENE &% (NATURAL
co, bI(I)n ) NATURAL RUBBER / LATEX 9_
co, .‘/& or '\ SYNTHETIC RUBBER / LATEX 4
Tl Ml Ml U1 11 | () NATURAL JUTE FIBER

Cco

2

v-a

2
| lﬁ COZ
4 or l \

END OF LIFE:

o,

e e, Ha

MILLING PROCESS: (ELECTRICITY)

B

1

1 - —

i 17 = ‘ Most wood products are disposed of at the end of

H Z = E—

: (@Qé D) K= '.‘ =" the building’s life, at which point any stored CO, is

! s N i released through decomposition or incineration.

| DEBARKED ROUGH CUT STACKED PLANED | Some wood members can be recycled or reused. Nearly all types of carpet Eg?e(zgcll_a:EFe:

* logging residue = branches, stumps that get left behind, releasing C0O, or CH,
* mill residue = Wood and bark residues produced in processing logs into lumber and plywood, releasing CO, or CH,

©2021 2030 Inc./Architecture 2030. All Rights Reserved ©2020 2030 Inc./Architecture 2030. All Rights Reserved




AVERAGE EMBODIED CARBON PER CUBIC METER

GLASS
RAMMED EARTH CTONE
3,600 KG
48 KE 237 KG
SOFTWOOD TIMBER & CLAY BRICK WALL S STEEL SECTION
10 KG ' 345 KG 12,090 KG
CROSS LAMINATED iy s REINFORCED | . ALUMINUM
o . & CONCRETE - =
HIMBER 18,009 KG
635 KG

219 KG



https://pliteq.com/news/building-vs-carbon-footprint/#:%7E:text=Last%20but%20not%20least%2C%20the,an%20abundantly%20available%20natural%20resource
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PROCESS

*REVIT

*TALLY
EXTENSION
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OPEN EXISTING IDENTIFY ALL E.'J(PGI-?T
POWNIOAD = 0 e \qE A MATERIALS USED
ALY WITHIN THE DETTES T
NEW MODEL
EXTENTION W REVIT MODEL BUILDING
ForpeviT  PATWILLBE - prpriivio | TRANSPARENCYS
ANALYZED Gt EC3TOOL

ME THODOLOGY

IN MY THESIS PROCESS, | CHOSE TO CREATE MY OWN YOUTUBE VIDEO THAT WALKS
THROUGH THE PROCESS OF USING THE THREE SOFTWARE TOGETHER. | WANTED TO
SHARE WHAT | HAD LEARNED WITH OTHERS WHO MAY BENEFIT FROM MY RESEARCH.







SHSERINE
DESIGN

THE EXISTING DESIGN THAT |
CHOSE TO USE AS A
RESEARCH MODEL IS MY
PARENTS" CABIN. | CHOSE
THIS DESIGN BECAUSE | AM
FAMILIAR WITH THE DESIGN
AND LAYOUT. ANOTHER
REASON WHY | CHOSE THIS IS
BECAUSE | WAS ABLE TO
FOCUS ON A SMALLER DESIGN
THAT DID NOT COMPLICATE
THE MATERIAL IMPORTING SO
THAT | COULD SEE RESULTS
IN A FOCUSED WAY.

*FAMILIAR WITH THE DESIGN

*SMALLER SCALE TO SHAPE
FOCUS




INTERIOR WALL
1/2 GYPSUM

31/2"WwOQODSTUD

1/2 GYPSUM
2XH\WOO0OD STUD

REVIT

FAMILIAR WITH THE
SOFTWARE 2X6 \WOOD STUD

EXISTING MODEL TO
WORK FROM FLOOR SECTION

EXTERIOR WALL
AR M4 WOODSIDING

S B S S B - 1 INSULATION
1/2" P \WOOD SHEATHING

— 5 1/2 WQOQODSTUD

1/2° GYPSUM

THVINYLTILE
4 INSULATION

12" CONCRETE

== IEL
ROOF SECTION

i, -

712 W0O0D RAFTER




TALLY

REVIT EXTENSION
DEFINE MATERIALS

USE WITH WORKING
MODEL

EXPORTS TO EC3

Architecture  Structure  Steel  Precast  Systerns  Insert  Annotate  Analyze  Massing & Site

g

WModify

Select =

Q Help @

Transmit a model = About  Convert RFA | Tally®

to Formlt
eTransmit Formlt Convertel Tally®
1 Tally® Emvironmental Impact Tool (NON-COMMERCIAL) - HIGHTOP WAY CASS LAKE

@ Help ~ Q Define Scope = Refresh B Save Report Manage Definitions

Project Browser

Model » Category Family > Material Legend * Display:

4 O HIGHTOP WAY CASS LAKE
I @ Ceilings
I Doors
|
4 Roofs
O Wood Rafter 8" - Asphalt Shingle - Insulated
O Asphalt Shingle
O Plywood, Sheathing
O Structure, Wood Joist/Rafter Layer, Batt Insulation
IO Walls
I @ Windows

o
@ Floors
(@]
4

Information

Collaborate  View  Manage Enscape™ Modify =~

© 2022 Building Transparency
LCA Data by thinkstep




1000 sulcing projects 0,

Name Tl Address Tl Last Updated 1| Details
] ALTERNATE DESIGN 2 =LA privaTE | 16622 Hightop Way NW, Cass Lake, MN 56633, USA about1monthage © « [ & B
D ALTERNATE DESIGN 1 A pRivaTE | 16622 Hightop Way NW, Cass Lake, MN 56633, USA about2monthsage ® < B # &
|| EXISTING BUILDING A prvate | 16622 Hightop Way NW, Cass Lake, MN 56633, USA about2monthsago © < B [ B
~ PRACTICE PrivaTE + Building Project about2monthsago @ < [F B
| sample House BV privaTE | Stone Lake, WI 54876, USA 7 months ago o< EEZ B
.
Achievable Realized Conservartive
EC Building Total 19.5k kgCo2e 36k kgco2e 36k kgCo2e
Achievable Realized Conservative
EC Building Total 39.7k kgcoze 71.7K kgcoze 71.7K kgcoze
Achievable Realized Conservative
EC Building Total 69.5k kgCo2e 115k kgroze 115k kgcoze
> NAME ) QUANTITY UNIT Collection  Selected (0/20) * Realized
> 030000 Concrete 42.8k keC02e
> 042000 Unit Masonry 1.2k kgcoze
> 0600 00 Wood, Plastics & Composites - 5.87k kgcoze
> 070000 Thermal and Moisture 3.53k kgcoze
> 080000 Openings 441K kgcoze
» 090000 Finishes 5.47k kgcoze
>

Not mapped yet a



EXISTING DESIGN

INTERIOR WALL SECTION
§— 1/2 GYPSUM

31/2 /00D STUD

1/2 GYPSIM
2XUWOOD STUD WALL

EXTERIOR WALLSECTION
/AR U WOOD SIDING

s S S S B B - 1 INSULATION
1/2 Pl WOOD SHEATHING

— S5 1/2"WOQOD 5TUD

e 1/7°GYPSUM

2X6 WOOD STUD WALL
FLOOR SECTION
1/ VINYLTILE
' INSULATION
12" CONCRETE

ROCF SECTION

1/ ASPHAIT SHINGLE
1/2 P WOOD SHEATHING

7 1/2WO0D RAFTER

ALTERNATE DESIGN 1

FLOOR SECTION
— 2/ CAK FIOORING
- 3/4 PY"WOOD SHEATHING
=9 1/4\00D JOIST
EXTERIOR "WALL SECTION
R > o
- VAR
3/ PY WOOD SHEATHING
— 5 METALSTUD
/2 GYPSLIM
INTERIOR WALLSECTION

T — 5/8GYPSUM

=— 3 5/8 METALSTUD

5/8 GYPSUM

ROOF SECTION

1/4 EPDM MEMBRAME
SINSULATION
1/4 METALDECK

T4 STEELBAR JOIST

COMPARING RESUL TS

INTERIOR WALLS, EXTERIOR WALLS, FLOOR AND ROOF TYPES

ALTERNATE DESIGN 2

FIOOR SECTION

TAHVINYLTILE
HINSULATION

12" CONCRETE

EXTERIOR WALLSECTION
1"BOARD & BATTEN
2 1/27 INSULATION

.
l

ST .o =7 CONCRETE

e 2 1/2" INSULATION
1/2 GYPSUM

v
.l-. -
T g
IR
:

:

", "t s W
L
yit

»
S

¥
» v
.
S
o e

.
B 4 ;

INTERIOR WALL SECTION
1/2 GYPSUM

312 WOO0DSTUD

|

1/2°GYPSUM

ROOF SECTION 1115 ASPHAIT SHINGLE

1/2 Pi"WOOD SHEATHING

71/ W0OO0D RAFTER




ALTERNATE DESIGN 1

TARGET: 4.37 KGCOZE
ACHEIVABLE: 191 KGCOZE
CONSERVATIVE: 356 KGCOZE

CONSERVATIVE
- HIGHEST POSSIBLE -

EXISTING BUILDING ACHIEVABLE
NN - REALISTIC TARGET -
ACHEIVABLE, 397 KGCO2E SR W:‘l:l N AT LEAST 20% OF
. . R R AR Y
CONSERVATIVE. M7 kaco2e | Ve xmxxwm \\\\\\\\\ PRODUCTS MEET THIS
ALTERNATE DESIGN 2 T |
TARGET: 9.1 KGCOZE S fﬁ‘l wj ?:HQQF}Saljﬁ%ccx\\Ec_-ﬁ T TARGET
ACHEIVABLE: 9.5 KGCO?ZE RN kS I = LOWEST POSSIBLE -

CONSERVATIVE: 115 KGCOZE

NET KGCOZE
ZERO

COMPARING RESUL TS




kgCO2e / sf

40.04

30.64

20.04

10.64

71% difference

0.6-
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40% difference

VVVVVVVVVV
VVVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVV
VVVVVVVVVVV
VVVVVVVVVV

ALTERNATE DESIGN 1
LOD Unspecified +40%

VVVVVVVVVV

EXISTING BUILDING
LOD 300 : (DD) +15%

''vVVVVVVVVVVY
''vVVVVVVVVVVY
''VVVVVVVVVVY
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''VVVVVVVVVVY
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ALTERNATE DESIGN 2
LOD Unspecified +40%

Conservative Estimate

Achievable Target




@ Acoustical Ceilings @ Cold Formed Steel @ Insulating Glazing ... %% ReadyMix 7z Wood I-Joists

@ Blanket @ Composite and Form @@ Mass Timber # Reinforcing Bar
@ Blown @ Concrete Unit Mason.zz Membrane Roofing %% Resilient Flooring
@ Board @ Gypsum Board 7 Plywood and OSB Shez Wood Framing

40.61

40% difference
30.64
71% difference

»
o)
N
O
QO  20.64
o
~

10.64

0.6-

ALTERNATE DESIGN 1 EXISTING BUILDING ALTERNATE DESIGN 2
LOD Unspecified +40% LOD 300 : (DD) +15% LOD Unspecified +40%




OPTIMIZING CAR

BON FOOTPRINT

BY

WHERE CARBO
- MISSIONS CO

UNDERSTANDING

N
ME

-ROM, WE CAN

CHANGES CAN
OCCUR.

PIN

POINT WHERE THE
MOST IMPACTFUL




B At

CARBON
SEQUESTRATION

CARBON FOOTPRINT

REDUCING CARBON FOOTPRINT
REFERS TO REDUCING
GREENHOUSE GAS EMISSIONS
CAUSED BY HUMAN ACTIVITIES
SUCH AS TRANSPORTATION,
ENERGY PRODUCTION, AND
INDUSTRIAL PROCESSES. IT
INVOLVES REDUCING ENERGY
CONSUMPTION, USING RENEWABLE
ENERGY SOURCES, AND
INCREASING ENERGY EFFICIENCY.

CARBON SEQUESTRATION IS THE
TERM THAT IS USED TO DESCRIBE | . = rs.
THE PROCESS OF CAPTURING, - g
SECURING AND STORING CARBON b
DIOXIDE FROM THE ATMOSPHERE. « . "=

THE IDEA IS TO STABILIZE CARBON (.'J‘ '
IN SOLID AND DISSOLVED FORMS '
SO THAT IT DOESN'T CAUSE THE

ATMOSPHERE TO WARM.

INTRODUCING MORE VEGETATION  *
TO A SITE IS ANOTHER WAY OF 7 W, ¢
HELPING TO REDUCE THE AMOUNT ‘¥ -
OF CARBON DIOXIDE AROUND THE = i

SITE.




BIOMASS
EQUATION

M=ADB
M=ABOVE GROUND
BIOMASS (KG)
D=DIAMETER AT
BREAST HEIGHT (CM)
A & B=SPECIES
SPECIFIC
COEFFICIENTS

ODOLOGY
e (e [

INSERT

RESEARCH DIAMETER (D)

MEASURE AND SPECIES
THE SPECIES TREE SPECIFIC

SPECIFIC COEFFICIENTS
COEFFICIENTS  PIAMETER (AZB) INTO

EQUATION



CARBON SEQUESTRATION COMPARISON

4" TREES

CALCULATING TREE'S
BIOMASS

M=ADB

M=TREE BIOMASS
A & B=SPECIES SPECIFIC COEFFICIENTS
D=DIAMETER




WALNUT = .007 KGS OF CARBON

JUGLANS MANDSHURICA: M=0.0001%4"2.63 = 0.0038 KG
0038 KG * 50% * 3.67= .007 KGS

ASH = .0068 KGS OF CARBON

FRAXINUS MANDSHURICA: M=0.0001%4"2.61 = .0037 KG

0037 * 50% * 3.67 = .0068 KGS

PINE = .0062 KGS OF CARBON
PINUS KORAIENSIS: M=0.0001*4"2.54 = .0034 KG
0034 * 50% * 3.67 = .0062 KGS

MAPLE = .00175 KGS OF CARBON
ACER MONO: M=0.0001*4"2.56 = 0.0035 KG

0035 KG * 50% * 3.67= .00175 KGS

BIRCH = .00175 KGS OF CARBON
BETULA PLATYPHYLLA: M=0.0001%4"2.57= .0035 KG

0035 * 50% * 3.67 = .00175 KGS

LARCH = .00175 KGS OF CARBON
LARIX GMELINII: M=0.0001%4"2.56 = .0035 KG

0035 * 50% * 3.67 =.00175 KGS




THE IMPACT OF THIS
ME THODOLOGY

‘CREATES A PATH FOR CHANGE ON A
PERSONAL LEVEL

*ALLOWS DESIGNER TO LEARN WHILE
CREATING

*CHANGES CAN BE MADE TO PREEXISTING &
EXISTING BUILDINGS

*‘PROVIDES ADDITIONAL TECHNIQUES FOR
REDUCING CARBON IN THE ATMOSPHERE
THROUGH CARBON SEQUESTRATION

*UNDERSTANDING RESPONSIBILITY & TAKING
ACRON FORERE ST URE @ OUR
ENVIRONMENT




https://materialspalette.org/

https://buildingtransparency.org/ec3

https://www.buildingtransparency.org/ S O U R C .

https://pliteq.com/news/building-vs-carbon-
footprint/#:~:text=Last%20but%20not%20least%2C%20the,an%20abundantly%20available%20natural%20resource.



https://materialspalette.org/
https://buildingtransparency.org/ec3
https://www.buildingtransparency.org/
https://pliteq.com/news/building-vs-carbon-footprint/#:%7E:text=Last%20but%20not%20least%2C%20the,an%20abundantly%20available%20natural%20resource

THANK
YOU

KAITLYN KANE
THESIS PRESENTATION
PROFESSOR MAHALINGAM

SPRING 2023
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