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abstract

environmentalism and conservation are two things 
that are very important to me. It is so enjoyable to 
be in a place where so little others have been. Walk-
ing through the woods where no human has adapted 
is precious. although these areas are perfect, there 
must also be space for us to adapt and inhabit, but 
we must be mindful of the existing environment while 

doing so.

it is well known that our climate has been significantly 
impacted by climate change. carbon dioxide emissions 
is the leading driver of the global climate change. it 
is talked about worldwide how we as inhabitants need 
to make changes. Everyone knows that changes need 

to be made for the sake of our environment. 

when it comes to determining who AND what is respon-
sible for producing emissions, they can be categorized 
by regions, countries and individuals. When we really 
break it down, it pans out that each and every one of 

us is responsible.

iN TODAYS WORLD. eMPTY SPACES ARE BECOMING SCARCE. 
lOOKING AT THE BUILT ENVIRONMENT, wE AS A SOCIETY TEND 

TO CONSTANTLY WANT THE MOST NEW AND IMPROVED 
EVERYTHING. 

9

ABSTRACT



tables and

figures

THESIS
PROPOSAL

10

THESIS PROPOSAL



figure #2

THESIS PROPOSAL

11



thesis EXPLANATION
this thesis aims to give direction to designers this thesis aims to give direction to designers 
to become aware of carbon emissions within a to become aware of carbon emissions within a 
design and how material choice plays a large design and how material choice plays a large 
role in a designs responsibility for carbon role in a designs responsibility for carbon 
emissions.emissions.

PROJECT TYPOLOGY
THE FOCUS OF THIS THESIS IS TO LOOK INTO THE THE FOCUS OF THIS THESIS IS TO LOOK INTO THE 
DETAILS OF WHAT IT TAKES TO BUILD A DESIGN. NOT DETAILS OF WHAT IT TAKES TO BUILD A DESIGN. NOT 
ONLY WILL IT FOCUS ON THE MATERIALS THAT ARE ONLY WILL IT FOCUS ON THE MATERIALS THAT ARE 
USED WITHIN A DESIGN BUT HOW MUCH EMISSIONS IT USED WITHIN A DESIGN BUT HOW MUCH EMISSIONS IT 
TAKES TO MAKE AND TRANSPORT THOSE MATERIALS. TAKES TO MAKE AND TRANSPORT THOSE MATERIALS. 
iT WILL ALSO PAY CLOSE ATTENTION TO THE METH-iT WILL ALSO PAY CLOSE ATTENTION TO THE METH-
ODS USED TO CONTRUCT A PHYSICAL DESIGN. tHEN ODS USED TO CONTRUCT A PHYSICAL DESIGN. tHEN 
THE FOCUS WILL BRING LIGHT TO THE LIFE CYCLE OF THE FOCUS WILL BRING LIGHT TO THE LIFE CYCLE OF 
THE DESIGN. fIGURING OUT HOW MUCH CO2 EMIS-THE DESIGN. fIGURING OUT HOW MUCH CO2 EMIS-
SIONS ARE PRODUCED DURING THE BUILDING PHASE SIONS ARE PRODUCED DURING THE BUILDING PHASE 
IS WHERE THIS RESEARCH WILL END. tHE DESIGN BE-IS WHERE THIS RESEARCH WILL END. tHE DESIGN BE-
ING BUILT IS NOT THE END OF THE ROAD FOR cO2 ING BUILT IS NOT THE END OF THE ROAD FOR cO2 
EMISSIONS. dETERMINING THE LIFE CYCLE OF THE EMISSIONS. dETERMINING THE LIFE CYCLE OF THE 
MATERIALS AND ALSO THE DAILY EMISSIONS OF THE MATERIALS AND ALSO THE DAILY EMISSIONS OF THE 
FUNCTIONING BUILDING ADD TO THE STRING OF CO2 FUNCTIONING BUILDING ADD TO THE STRING OF CO2 
EMISSIONS.EMISSIONS.
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PROJECT EMPHASIS
although tackling where carbon emissions although tackling where carbon emissions 
come from, this methodology aims to fo-come from, this methodology aims to fo-

cus on material selection and how different cus on material selection and how different 
buiding materials can impact a designs carbon buiding materials can impact a designs carbon 

emissions.emissions.

PROJECT GOAL
the goal of this thesis is to create a method-the goal of this thesis is to create a method-

ology for calculating the carbon footprint ology for calculating the carbon footprint 
of a new design or existing building so that a of a new design or existing building so that a 

designer, builder or user can understand their designer, builder or user can understand their 
role in reducing carbon emissions.role in reducing carbon emissions.

figure #3
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AUDIENCE DESCRIPTION
the audience for this thesis methodology is de-the audience for this thesis methodology is de-
signers within the AEC (architecture, engineer-signers within the AEC (architecture, engineer-
ing & construction) fields. This methodology ing & construction) fields. This methodology 
will encourage those who design with similar will encourage those who design with similar 

software programs. software programs. 
anyone within the Aec fields can learn and un-anyone within the Aec fields can learn and un-
derstand effects of material choice and their derstand effects of material choice and their 

carbon emissions.carbon emissions.

RESEARCH DESIGN PLAN
this project will be accomplished through the this project will be accomplished through the 
use of a couple different paths and resource use of a couple different paths and resource 
use. the two main paths of this project re-use. the two main paths of this project re-

search are:search are:

1. Material selection based on carbon emissions1. Material selection based on carbon emissions

2. site vegetation selection based on carbon  2. site vegetation selection based on carbon  
sequestration ratessequestration rates
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PROJECT JUSTIFICATION
green house gas is a huge concern in todays green house gas is a huge concern in todays 
world. carbon emissions take blame for the world. carbon emissions take blame for the 
majority of green house gas rates. but who is majority of green house gas rates. but who is 
going to take blame for carbon emissions?going to take blame for carbon emissions?

this is what lead me to focus on understand this is what lead me to focus on understand 
carbon emissions - not only in a general sense carbon emissions - not only in a general sense 
but to focus on the architectural field and but to focus on the architectural field and 
how we as designers impact our environment.how we as designers impact our environment.

i chose to dig deeper into our responsibilty i chose to dig deeper into our responsibilty 
as designers to figure out how i personally as designers to figure out how i personally 
could make an impact in my day to day actions could make an impact in my day to day actions 
along with creating a method that others along with creating a method that others 
could apply and use in their personal work.could apply and use in their personal work.

every individual needs to take responsibili-every individual needs to take responsibili-
ty for their carbon emissions but to do that, ty for their carbon emissions but to do that, 
they need to be able to understand where they need to be able to understand where 
carbon comes from and how it is produced so carbon comes from and how it is produced so 
that the greatest change can be made for the that the greatest change can be made for the 
greater good of our environment.greater good of our environment.

THESIS PROPOSAL
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INSPIRATION
as an avid outdoors woman, i thoroughly enjoy as an avid outdoors woman, i thoroughly enjoy 
spending as much of my time in nature as possi-spending as much of my time in nature as possi-
ble. I love being in a place where nobody else is, a ble. I love being in a place where nobody else is, a 
place where it is just me and the world around place where it is just me and the world around 
me. One of my favorite hobbies is bow hunting. me. One of my favorite hobbies is bow hunting. 
bow hunting requires you to blend in with na-bow hunting requires you to blend in with na-
ture and become one with your surroundings. ture and become one with your surroundings. 
it is such a surreal and peaceful activity that it is such a surreal and peaceful activity that 
allows you to become a fly-on-the-wall so to allows you to become a fly-on-the-wall so to 
speak. sitting in a tree stand watching nature speak. sitting in a tree stand watching nature 
around you doing what it does is a thing of around you doing what it does is a thing of 
beauty. you truly get to see what happens in beauty. you truly get to see what happens in 

the core of nature. the core of nature. 

with such love for the beauty of untouched na-with such love for the beauty of untouched na-
ture, i chose to focus my thesis project around ture, i chose to focus my thesis project around 
my strong love for sustaining nature. i wanted my strong love for sustaining nature. i wanted 
to find a way where two worlds collide with-to find a way where two worlds collide with-

out causing negative impact.out causing negative impact.

18
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 Throughout researching, I have found a 
way of using multiple software that can be 
used together to calculate existing data. I 
have created a YouTube video that allows 
anyone to see the process I used to covert 
a Revit model to the EC3 tool. I have includ-
ed all of my slides that make up my video. 
These slides capture the majority of what 
I have learned while researching the meth-
odology of calculating the carbon foot-

print of a building.

figure #6
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CARBON IMPACTS 

OF 

WOOD PRODUCTS

what it takes to produce lumber

figure #7
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THE RELEASE OF CARBON DIOXIDE DURING A PROD-THE RELEASE OF CARBON DIOXIDE DURING A PROD-
UCTS MANUFACTURE AND USE IS OFTEN REFERRED UCTS MANUFACTURE AND USE IS OFTEN REFERRED 
TO AS IT’S “CARBON FOOTPRINT”. nATURAL MATERI-TO AS IT’S “CARBON FOOTPRINT”. nATURAL MATERI-
ALS SUCH AS: COAL, OIL, NATURAL GAS AND WOOD ALS SUCH AS: COAL, OIL, NATURAL GAS AND WOOD 
ALL CONTAINS SOLID CARBON THAT TURNS INTO CO2 ALL CONTAINS SOLID CARBON THAT TURNS INTO CO2 
WHEN THE MATERIAL IS BURNED FOR ENERGY. bECAUSE WHEN THE MATERIAL IS BURNED FOR ENERGY. bECAUSE 
CO2 EMISSIONS HAVE SUCH A BIG ROLE IN CLIMATE CO2 EMISSIONS HAVE SUCH A BIG ROLE IN CLIMATE 
CHANGE, THERE IS A DESIRE TO REDUCE THE FOOT-CHANGE, THERE IS A DESIRE TO REDUCE THE FOOT-
PRINT OF PRODUCTS AND CHOOSE PRODUCTS THAT PRINT OF PRODUCTS AND CHOOSE PRODUCTS THAT 

HAVE SMALLER CARBON FOOTPRINTS.HAVE SMALLER CARBON FOOTPRINTS.

cARBON FOOTPRINT CAN BE CALCULATED BY MEASUR-cARBON FOOTPRINT CAN BE CALCULATED BY MEASUR-
ING AND CATEGORIZING ALL OF THE ENERGY INPUTS.ING AND CATEGORIZING ALL OF THE ENERGY INPUTS.

figure #8
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MANUFACTURING CARBON
MANUFACTURING USES ENERGY - MOST ENERGY PRODUCTION RESULTS 

IN CARBON DIOXIDE RELEASE

BIO FUEL
WOOD RESIDUES ARE OFTEN BURNED FOR ENERGY DURING THE PRO-
DUCTION OF WOOD PRODUCTS. THESE EMISSIONS CAN BE ABSORBED BY 
NEIGHBORING TREES AND IS CONSIDERED AS “CARBON NEUTRAL”. THIS 
“BIO-FUEL” USAGE REDUCES THE CARBON FOOTPRINT OF WOOD PROD-
UCTS.

CARBON STORAGE
CO2 IS ABSORBED FROM THE ATMOSPHERE DURING PHOTOSYNTHESIS. 
THE CO2 IS CONVERTED INTO WOOD. IF THAT TREE ROTS OR BURNS, THE 
SOLID CARBON IS RELEASED AGAIN INTO THE ATMOSPHERE. AS LONG AS 

THE TREE IS IN SERVICE, IT STORES CO2 GAS OUT OF THE ATMOSPHERE.

SUBSTITUTION
THERE ARE A LOT OF ALTERNATIVES TO WOOD PRODUCTS BUT THESE 
TEND TO REQUIRE MORE ENERGY TO MANUFACTURE. THEY ARE USUAL-
LY MADE USING ENERGY FROM FOSSIL CARBON. WHEN FOSSIL CARBON 
ENERGY SOURCES ARE USED, THEY CONTRIBUTE TO THE CARBON FOOT-
PRINT AS WELL. sO IN SOME CASES, USING NATURAL WOOD IS A WAY OF 

REDUCING WOODS CARBON FOOTPRINT.

TOTAL CARBON FOOTPRINT OR CARBON CREDIT
The  bio-fuel (B), carbon storage (C)bio-fuel (B), carbon storage (C)  and  substitution (D)substitution (D)  effects 
reduce the carbon footprint of wood products. MOST OF THE 
TIME these effects together are almost always greater than 
the manufacturing carbon (A),carbon (A),  so the overall carbon effect of 
using wood products is a negative carbon footprint.

a

b

c

d

e

wood product carbon 

impact equation

aa-b-c-d-b-c-d=e=e figure #9

THESIS RESEARCH
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10 steps

to reducing

embodied carbon

upfront steps 

architects can make

figure #10

27

THESIS RESEARCHcase studies



WE AS ARCHITECTS NEED TO BE VERY MINDFUL OF THE WAY WE WE AS ARCHITECTS NEED TO BE VERY MINDFUL OF THE WAY WE 

DESIGN. THE NEED FOR SUSTAINABILITY IN DESIGN, CONSTRUC-DESIGN. THE NEED FOR SUSTAINABILITY IN DESIGN, CONSTRUC-

TION, AND OPERATION OF BUILDINGS IS A REALITY. A STUDY BY TION, AND OPERATION OF BUILDINGS IS A REALITY. A STUDY BY 

“ENERGY INFORMATION ADMINISTRATION” SHOWED THAT IN 2015, “ENERGY INFORMATION ADMINISTRATION” SHOWED THAT IN 2015, 

40% OF THE ENERGY CONSUMED IN THE u.s. WENT DIRECTLY OR 40% OF THE ENERGY CONSUMED IN THE u.s. WENT DIRECTLY OR 

INDIRECTLY TO OPERATING BUILDINGS. WHEN YOU ADD EMBODIED INDIRECTLY TO OPERATING BUILDINGS. WHEN YOU ADD EMBODIED 

CARBON - THE ENERGY EMISSIONS FROM MATERIALS AND CON-CARBON - THE ENERGY EMISSIONS FROM MATERIALS AND CON-

STRUCTION - THAT NUMBER GROWS TO ALMOST 50%.STRUCTION - THAT NUMBER GROWS TO ALMOST 50%.

AS ARCHITECTS, WE HAVE THE ABILITY AND RESPONSIBILITY TO AS ARCHITECTS, WE HAVE THE ABILITY AND RESPONSIBILITY TO 

PROVIDE SOLUTIONS THAT MINIMIZE THE CLIMATE IMPACT OF THE PROVIDE SOLUTIONS THAT MINIMIZE THE CLIMATE IMPACT OF THE 

STRUCTURES WE DESIGN.STRUCTURES WE DESIGN.

figure #11

THESIS RESEARCH
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10 steps

1

2

3

4

5

REUSE BUILDINGS INSTEAD OF CONSTRUCTING 

NEW ONES
RENOVATIONS AND REUSE PROJECTS TYPICALLY SAVE BETWEEN 50-70% 
OF THE EMBODIED CARBON EMISSIONS COMPARED TO CONSTRUCT-
ING A NEW BUILDING. BESIDES, TAKING SOMETHING THAT IS OLD AND 
POOR-PERFORMING AND CREATING IT INTO SOMETHING BEAUTIFUL AND 

SUSTAINABLE IS VERY REWARDING.

SPECIFY LOW CARBON CONCRETE MIXES
EVEN THOUGH CONCRETE EMISSIONS PER TON ARE NOT RELATIVELY 
HIGH, ITS WEIGHT AND PREVALENCE USUALLY MAKE CONCRETE THE BIG-
GEST SOURCE OF EMBODIED CARBON IN ANY PROJECT. WORK TO DESIGN 
LOWER CARBON CONCRETE MIXES BY USING FLY ASH, SLAG, CALCINED 

CLAYS OR EVEN LOWER-STRENGTH CONCRETE WHERE FEASIBLE.

LIMIT CARBON INTENSIVE MATERIALS
For products with high carbon footprints like aluminum, plastics, and 

foam insulation, thoughtful use is essential. EVEN IF A MATERIAL COMPLEMENTS 

THE AESTHETICS OF THE PROJECT, FIND WAYS TO SUBSTITUTE OR USE IN SMALL AMOUNTS.

CHOOSE LOWER CARBON ALTERNATIVES
REALIZE THE OPTIONS. IN MOST CASES, IT IS PROBABLY NOT POSSIBLE 
TO AVOID CARBON INTENSIVE PRODUCTS LIKE METALS, PLASTICS OR 
ALUMINUM ALTOGETHER, BUT FINDING MORE NATURAL ALTERNATIVES 

FOR MOST MATERIALS CAN HELP LOWER THE CARBON COUNT.

CHOOSE CARBON SEQUESTERING MATERIALS
Using agricultural products that sequester carbon can make 
a big impact on the embodied carbon in a project. SOME OPTIONS 
YOU MIGHT NOT THINK ABOUT RIGHT AWAY WOULD BE straw or hemp 
insulation, which are annually renewable.

29
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10 steps
REUSE MATERIALS
WHENEVER IT IS POSSIBLE, TRY TO SALVAGE AND EXISTING MATERIALS WHENEVER IT IS POSSIBLE, TRY TO SALVAGE AND EXISTING MATERIALS 
LIKE STONE, BRICK, METALS, CONCRETE OR WOOD. SALVAGED MATE-LIKE STONE, BRICK, METALS, CONCRETE OR WOOD. SALVAGED MATE-
RIALS HAVE A MUCH LOWER EMBODIED CARBON FOOTPRINT BECAUSE RIALS HAVE A MUCH LOWER EMBODIED CARBON FOOTPRINT BECAUSE 
THEY ARE NOT BEING “RE”MANUFACTURED. aLSO THESE MATERIALS THEY ARE NOT BEING “RE”MANUFACTURED. aLSO THESE MATERIALS 

WOULD PROBABLY REQUIRE LITTLE TO NO TRANSPORTATION.WOULD PROBABLY REQUIRE LITTLE TO NO TRANSPORTATION.

USE HIGH RECYCLED CONTENT MATERIAL
This is very important when it comes to metals. Virgin steel This is very important when it comes to metals. Virgin steel 
can have an embodied carbon footprint that is five times can have an embodied carbon footprint that is five times 

greater than high-recycled content steel. greater than high-recycled content steel. 

MAXIMIZE STRUCTURAL EFFICIENCY
embodied carbon is mostly in the structure of the building; embodied carbon is mostly in the structure of the building; 
looking for ways to achieve maximum structural efficiency looking for ways to achieve maximum structural efficiency 
is key. Some effective methods include using optimum value is key. Some effective methods include using optimum value 
engineering wood framing, efficient structural sections, and engineering wood framing, efficient structural sections, and 

slabs.slabs.

USE FEWER FINISH MATERIALS
using structural materials as finishes can help reduce emis-using structural materials as finishes can help reduce emis-
sions. an example would be using polish concrete slavs as sions. an example would be using polish concrete slavs as 
finished flooring instead of carpet or vinyl floor planks. finished flooring instead of carpet or vinyl floor planks. 
Unfinished ceilings are also a good alternative.Unfinished ceilings are also a good alternative.

MINIMIZE WASTE
Particularly in wood-framed residential projects, designing Particularly in wood-framed residential projects, designing 
in modules can minimize waste. in modules can minimize waste. 

6
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berkeley green

skills centre
berkeley, united kingdom

figure #12
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this university has completed it’s first phase of refur-
bishment of a former nuclear research and engineer-
ing builidlng. the project provides the college with a 
facility that is reinvigorated, dynamic and sustainable. 
It was designed to become an example of regenerative 

investment and an educational tool.

Elements of the building fabric will be used to deliver 
specific areas of curriculum (e.g. solar pv and timber 
construction), while incorporating re-use of the ex-
isting building sets a low-carbon precedent for future 
developments to follow. they integrated photovoltaic 
facade, thermally efficient envelope, innovative heat - 
recovery system, led lighting and low - impact timber 

structure. 

the L aminated veneer lumber is used 

widely for a variety of reasons:
1. It allowed for a rapid on-site build and 

limited the associated environmental dis-
ruption.

2. It was effectively self-finished, requiring 
no lining or applied finishes.

3. It gave the flexibility for services to be 
fixed anywhere.

4. It was carbon-sequestering, with only 
certified timber from sustainably man-
aged sources used.

5. It created a better environment than a 
steel-framed building; warmer / softer / 
quieter.

6. It was cost-comparable with a steel 
frame 

7. It provides a striking contrast with the 
existing structure, helping users to read 
the buildings story.

figure #13
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hewitt

studios
2016 university

48,438

sq ft

berkeley,

uk



figure #14
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figure #15

figure #16
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westborough

primary

school

westcliff on sea, united kingdom

figure #17
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the Uks educational buildings generate approxi-the Uks educational buildings generate approxi-
mately 15% of the Uks carbon emissions. the school mately 15% of the Uks carbon emissions. the school 
needed to be refurbished so they decided to make needed to be refurbished so they decided to make 
improvements to their design to become a more improvements to their design to become a more 
sustainble school. They strived to find ways to be-sustainble school. They strived to find ways to be-
come more sustainable in an affordable way in a come more sustainable in an affordable way in a 

low carbon manner. low carbon manner. 

Refurbishment projects tend to be more complex Refurbishment projects tend to be more complex 
and costly, but building new are less able to meet and costly, but building new are less able to meet 
carbon reduction targets because of the embodied carbon reduction targets because of the embodied 
energy of the existing builidng. studies have shown energy of the existing builidng. studies have shown 
that new build constructions can emit over four that new build constructions can emit over four 

times the amount of CO2 than renovations. times the amount of CO2 than renovations. 

architect project 

year

typology square

footage

location

cottrell and 
vermeulen 

architecture ltd.

elementary and 

middle school

renovation

westcliff,

uk

their solution to reducing their carbon footprint:

- Understanding the carbon footprint of the existing condition which is used as - Understanding the carbon footprint of the existing condition which is used as 
basis for all strategic interventions to the fabric of the schoolbasis for all strategic interventions to the fabric of the school

- Modifying behavior of the school based on the finding of the carbon foot-- Modifying behavior of the school based on the finding of the carbon foot-
print.print.

- Implementing green renewable energy to the school namely biomass heating - Implementing green renewable energy to the school namely biomass heating 
and Photo voltaics.and Photo voltaics.

- Implementing a community education program that starts with the children - Implementing a community education program that starts with the children 
at the school to raise awareness of energy issues within the communityat the school to raise awareness of energy issues within the community

- Implementing a phased construction program that can learn from the suc-- Implementing a phased construction program that can learn from the suc-
cess of the first phasecess of the first phase

figure #18
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ways of reducing carbon emissions

Insul ation of existing walls 
Insulated Dry lining board added to improve the thermal 
performance of existing external walls.

Insul ation of roof and 

introduction of inner roof lining 
Insulation bonded to the existing internal surface will 
improve both thermal and acoustic performance of the 
roof.

Install ation of secondary gl azing
A combination of double glazing and internal secondary 
glazing improves thermal performance.

Improvement of building air tightness
Control airflow through existing roof vents and en-
sure windows and doors are properly sealed.

Insul ated distribution pipework
Hot water and heating pipework has been insulated to 
reduce losses and improve control of heating the space.
figure #19 figure #20
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ways of reducing carbon emissions

Modification of fluorescent lights to use T5 l amps
Existing fluorescent light fittings modified to accept more effi-
cient T5 lamps. Energy consumption reduced by 45%.

Lighting control
PIR/Daylight sensors used to control classroom lighting.

Computer energy management
Improvements to energy management of existing IT infrastructure.

Optimised scheduling of heating pl ant operation
New boiler controllers allow optimised scheduling to reduce un-
necessary running hours.

figure #21
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Hot water alternative generation
Providing ‘regional’ water heaters reduces hot water 
carbon emissions by up to 50%.

Submetering and energy management
Submetering of energy consumption will allow a de-
tailed image of how and where energy is consumed 
throughout the school.

Heat Exchange
Heat exchange systems have been installed to maximise 
the use of energy within the ventilation and heating 
system.

figure #22
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Sol ar Photovoltaic
The solar photo voltaics have been installed on the 
south facing pitch of the new roof structure. Out-
puts from a typical, UK based, solar photo voltaic 
array can achieve yearly electrical yields of approx-
imately 100 kWh/m2/Year.

Biomass Boiler 
As an alternative to gas boilers, a new biomass boil-
er is a way of meeting the heating demands of the 
school. The school currently uses 150KW. By install-
ing a biomass boiler, it is estimated that 66% of the 
annual heating carbon emissions will be saved.

Rainwater Harvesting
A rainwater harvesting tank has been installed for 
toilet flushing..

figure #23
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figure #24

figure #25
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figure #26
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In Neolithic times, bone, grasses, hide, and animal fibers were 
used. Natural building materials were dominant. It was com-
mon to use mammoth ribs, tree bark, logs, clay, and lime 
plaster to shape and assemble using simple tools. The first 
structures were likely similar to huts and tents. In ancient 
times, as tools and techniques advanced, available materi-
als ranged from what could be found in nature to materials 

that seem more familiar today.

stone

even where there 
was  a lack of 
metal tools, 

builders could 
create stone 
structures. 
Stones were 

placed together 
without mortar 

to create a stur-
dy shelter. Stone  
is still used to-

day for builidngs, 
bridges and sculp-

tures.

mud

mud bricks were 
created by mixing 
mud and straw. 

this process 
evolved into the 

use of mortar al-
lowing stonema-

sons to carve and 
set them to tight 

tolerances.

wood

wood is one of 
the first building 
materials. wood 
remains popular 

and is a renewable 
resource. Today, 
lumber is used to 
frame homes and 
other structures, 
and various types 
of wood are used 
for interior/exte-
rior building ma-
terials and fur-

nishings.

bronze

bronze and copper 
were used to make 

more durable 
tools.bronze can 
be reshaped and 
it could also be 

recast is damaged. 
This eventually 

led to the use of 
iron, which is sim-
ilar in hardness. 

Steel was created 
by adding carbon 

to iron

figure #27
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Building materials have not only evolved with trends, but 
also with demands for durability, size, and control over in-
terior environments. The energy available to support con-
struction has also influenced the kinds of building mate-

rials used.

timber and brick were used through many different time 
periods. timber roofs wer used in ancient rome and wood-
en timber frames were used in ancient china. Traditional 
timber framing became less popular during the Industri-
al Revolution, as steel could be mass produced, but wood 
has regained popularity as an eco friendlier material with 
more options for custom machining, integration, styling, 

and fireproofing.

Mud bricks were used throughout ancient times. Lime mor-
tar was used in Ancient Greece, and stone bricks were used 
in China. The production process changed little over time. 
Although now mass-produced rather than handmade, brick 

remains a popular architectural material today.

evolution of building materials

figure #28
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glass

glass was used from win-
dows to home furnishings 
to skyscraper walls. glass 
has been manufactured 
since the seventeenth cen-
tury. Once it could be 
mass-produced, glass be-
came more commonly used 
in structures and not just 

as a luxury.

insulation

the first form of insulation was 
asbestos which was used well 
into the 20th century. The first 
modern advance in insulation 
happened in the 1930s with the ac-
cidental invention of fiberglass 
insulation. fibergalss was popu-
lar in the 1940s while cellulose 
was popular from 1950s-1970s. 
Polyurethane spray foam became 
popular in home construction in 
the 1980s while, today, there are 
many different types of insula-

tion to choose from.

flooring

Stone and wood were very 
dominant building materi-
als in early history. They 
are still commonly used 
for many occasions. lino-
leum, vinyl, bamboo, and 
hardwood are all com-
mon flooring types that 
have been used over the 

last 50 years or so.

figure #31

figure #30

figure #29
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Many new technologies emerged during the industrial rev-
olution which led to construction advancements. Machines 
and tools developed for cutting, grinding, boring, and other 
processes allowed for more building flexibility. Steam en-
gines, explosives, and transportation options like canals and 

railways expanded building potential as well.

Once steel could be mass-produced, I-beams and reinforced 
concrete were possible. This also led to the widespread use 
of plumbing to provide ordinary homes with fresh water. The 
creation and refining of building codes have led to improve-

ments in material quality and fire safety.

heavy equipment, elevators, cranes, and prefabrication ex-
panded construction capabilities in the 20th century. Eventu-
ally, computer-aided design allowed for more precise mate-
rial development, production, and selection. In the late 20th 
century, sustainability became a higher priority in the con-
struction industry, with resource conservation, environmen-
tal protection, and reduced energy consumption being top 

goals.

industrial revolution

figure #32
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future of building materials
We’re now in an age of computer-enabled smart appli-
ances, lighting, security, and more, but modern building 
materials are also shaping the home construction in-
dustry. Numerous types of materials are in development 

that will continue to revolutionize construction. 

One of these is solar panels. Increased efficiency and re-
duced costs have made solar panels more popular. By 
May 2019, more than two million solar systems had been 
installed in the United States, according to the Solar En-
ergy Industries Association.2 They save on energy costs 
and come with perks such as federal and local tax incen-

tives and the option to sell power back to the grid.

there are many advanced materials that are raising the 
potential for changes unlike anything seen in the past.

figure #33
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future of building materials

self healing concrete
Bacteria in the mixture produce calcite when exposed to water, which can 

essentially heal cracks, reducing maintenance and greenhouse gases asso-
ciated with repair and replacement processes.

light generating concrete
Tiny glass balls embedded in the material reflect light to potentially cre-
ate signage, underground lighting, and warning signs. It is non-flammable 

and may have artistic uses as well.

3d graphene
A carbon that is 3D-printed and 200 times stronger than steel, despite be-
ing just 5% as dense, it has potential uses in vehicles and supertall sky-

scrapers.

laminated timber
Laminated timber: This is a water-resistant, high-strength prefabricated 

timber that is strong enough for building skyscrapers, while significantly 
reducing carbon emissions.

modular bamboo
Fast-growing and low-cost, modular bamboo can be made into different 
shapes. It is earthquake-resistant and can be reinforced with steel bars.

transparent aluminum
This is a corrosion-resistant ceramic alloy that can resist radiation and 
oxidation, with potential uses for windows and marine and space vehicle 

domes.

translucent wood
Stripped of its color, this wood offers good insulating properties and 

strength. It may be a viable replacement for window glass and could be 
used as solar panel cells.

wool brick
Stronger than conventional brick, this material is fused with wool and 
seaweed polymer, reducing greenhouse gases. It also resists cold-air in-

trusion.
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figure #34
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1

TALLY EXTENSION

REVIT MODEL

TALLY MATERIAL IDENTITY

EXPORT TO EC3

EC3 ANALYSIS

DOWNLOAD TALLY EXTENSION 
FOR REVIT

OPEN EXISTING OR CREATE A NEW 
MODEL THAT WILL BE ANALYZED

IDENTIFY ALL MATERIALS USED 
WITHIN THE MODEL FOR TALLY 

TO EXPORT

EXPORT MATERIAL IDENTITIES TO 
BUILDING TRANSPARENCY’S EC3 

TOOL

ANALYIZE IMPORTED DATA TO 
REVIEW AND LEARN FROM

figure #36
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i have created a video that 
walks through the 

revit-tally-ec3 process. 

scan the qr code above to 
access the video directly - 

or visit:

https://www.youtube.com/
watch?v=sfgvYCzDcmo&t=1s

figure #37
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TALLY EXTENSION
DOWNLOAD TALLY EXTENSION 

FOR REVIT

building transpareny is a online re-
source that works on collabora-
tion between software programs 
to provide open access data and 

tools that are necessary to enav-
le broad and sweift action across 
the building industry in addressing 
embodied carbon’s role in climate 

change.
building transparency has teamed 
up with tally - a Revit plug-in that 
supports the export of material 
quantities from Revit to EC3 and 
allows synchronization between 

them 

1
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figure #39

tallyCAT is in ongoing development 
by C Change Labs, P&W and Building-
Transparency.   We gratefully ac-
knowledge the financial support 
of the Province of British Colum-

bia through the Ministry of Energy, 
Mines and Low Carbon Innovation, 
which made creation of this tool 

possible.

figure #38

figure #40
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REVIT MODEL
OPEN EXISTING OR CREATE A NEW 
MODEL THAT WILL BE ANALYZED

I CHOSE TO CREATE A NEW MODEL OF AN 
EXISTING BUILDING FOR MY THESIS. 

THE EXISTING SITE/DESIGN THAT I CHOSE 
TO MODEL IS MY PARENTS’ CABIN. I CHOSE 
THIS DESIGN BECAUSE I AM FAMILIAR WITH 
THE DESIGN AND LAYOUT. ANOTHER REA-
SON WHY I CHOSE THIS IS BECAUSE I WAS 
ABLE TO FOCUS ON A SMALLER DESIGN 

THAT DID NOT COMPLICATE THE MATERI-
AL IMPORTING SO THAT I COULD SEE RE-

SULTS IN A FOCUSED WAY.

2

figure #41
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LIVING ROOM

DINING AREA

KITCHEN

BEDROOM

BEDROOM
MUDROOM/

LAUNDRY

MASTER

BATH

MASTER

BEDROOM

MASTER

CLOSET

BATH

GARAGE

figure #43

figure #42

 APPENDIX

5757

DESIGN SOLUTIONcarbon footprint calcul ating methodology



figure #44

DESIGN SOLUTION

58

site 

context

site context



existing cabin
image

existing cabin
model

figure #45

figure #46
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minnesota

cass county

cass l ake

toms harbor

figure #47
minnesota,
united 
states

figure #48
cass 
county,
minnesota

figure #50
tom’s 
harbor,
cass lake

figure #49
cass lake,
cass county
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toms harbor

16622 Hightop Way NW

figure #51

figure #

figure #52
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TALLY MATERIAL IDENTITY
IDENTIFY ALL MATERIALS USED WITHIN 

THE MODEL FOR TALLY TO EXPORT

the next step is to access the tally 
extension in revit. after selecting 
the tally extension, a box will ap-
pear and will require you to define 
the existing building material cate-

gories. 

A color coded dot system will help 
guide you throughout the material 

defining process. 
Red = Undefined

Yellow = partially defined
green = fully defined

3
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figure #53
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export to ec3
EXPORT MATERIAL IDENTITIES TO 

BUILDING TRANSPARENCY’S EC3 TOOL

AFTER IDENTIFYING ALL OF THE MODELS 
MATERIALS THROUGH TALLY, THE NEXT 
STEP IS TO EXPORT THE DATA TO THE 

EC3 TOOL WHICH WILL COLLECT THE IN-
FORMATION AND DISPLAY IT SO THAT 
YOU CAN COMPARE YOUR DESIGNS.

4

ALTERNATE DESIGN 1

ALTERNATE DESIGN 2

EXISTING DESIGN

figure #54

figure #55
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ec3 analysis
ANALYIZE IMPORTED DATA TO 

REVIEW AND LEARN FROM

WITHIN THE EC3 TOOL, YOU CAN VIEW 
EACH IMPORT DESIGN AND ANALYZE THE 
CALCULATED RESULTS. EC3 WILL ASK FOR 
A FEW MORE DESIGN DEFINING QUESTIONS 
WHICH WILL HELP THE CALCULATION OF 

CARBON EMISSIONS. I USED THE EC3 TOOL 
TO COMPARE THREE DIFFERENT DESIGNS 
TO SEE HOW MATERIAL CHANGE IMPACTS 

CARBON EMISSIONS.

5

ALTERNATE DESIGN 1

ALTERNATE DESIGN 2

EXISTING DESIGN

figure #56
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EXISTING DESIGN

COMPARING 
DESIGN 

MATERIAL 
SELECTION

figure #57
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ALTERNATE DESIGN 1

ALTERNATE DESIGN 2

figure #58

figure #59
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xxx

COMPARING DESIGN OPTIONS

figure #60
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COMPARING DESIGN OPTIONS
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COMPARING DESIGN OPTIONS

figure #61
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COMPARING DESIGN OPTIONS

figure #62
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THE LIFE CYCLE ASSESMENT LOOKS AT 
THE PROCESS THAT EACH MATERIAL 

GOES THROUGH FROM EXTRACTING RAW 
MATERIAL TO END OF USE.

EACH MATERIAL HAS A DIFFERENT LIFE 
CYCLE AND CARBON EMISSION RATE 

THROUGHOUT IT’S LIFE CYCLE.

figure #63
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figure #64
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figure #65
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figure #66
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Rammed Earth

48 kg

Softwood timber

110 kg

Cross laminated 
timber

219 kg

Stone

237 kg

AVERAGE EMBODIED CARBON 
PER CUBIC METER
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Clay brick wall

345 kg

Reinforced 
concrete

635 kg

glass

3,600 kg

Steel section

12,090 kg

Aluminum

18,009 kg
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carbon 

sequestration 

CALCUL ATING 

METHODOLOGY
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carbon sequestration is the term 
that is used to describe the process 
of capturing, securing and storing 
carbon dioxide from the atmosphere.
The idea is to stabilize carbon 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 helping to re-
duce the amount of carbon dioxide 

around the site.
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carbon sequestration is the 
term that is used to describe 

the process of capturing, 
securing and storing carbon 
dioxide from the atmosphere.
The idea is to stabilize car-
bon in solid and dissolved 
forms so that it doesn’t 
cause the atmosphere to 

warm.
introducing more vegeta-

tion to a site is another way 
of helping to reduce the 
amount of carbon dioxide 

around the site.

Reducing
carbon 

footprint 
vs 

utilizing 
carbon 

sequestration 

Reducing carbon 
footprint refers to 
reducing greenhouse 
gas emissions caused 
by human activities 
such as transpor-
tation, energy pro-
duction, and indus-
trial processes. It 
involves reducing 

energy consumption, 
using renewable en-
ergy sources, and 
increasing energy 

efficiency.

carbon 
sequestration 

carbon  
footprint 
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reducing carbon 
emissions is a 

preventative measure
 - making a change 

prior to carbon being 
emitted whereas 

carbon sequestration is a 
post emitted 

carbon solution 
- capturing and 
transforming 

existing carbon in the at-
mosphere and turning it 

into oxygen.
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2

3

4

5

1

biomass equation

species specific coefficients

tree diameter

calcul ate data

calcul ate carbon

m = adb

research the species specific 
coefficients

measure tree diameter

insert diameter (d) and spe-
cies specific coefficients 

(a&b) into equation

multiply biomass by 1/2, then 
multiply by carbons weight - 

3.67 
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biomass equation

m=adb

m = above ground biomass 
(kg) of tree

d = diameter of trunk at 
breast height

a & b = sppecies specific 
coefficients

1

1
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carbon sequestration equation  
results using 4” diameter trees

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

5 64321
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KAITLYN M. KANE
HOMETOWN: NEW YORK MILLS, MINNESOTA

I COME FROM A SMALL TOWN THAT VALUES A STRONG 
COMMUNITY AND GENEROSTITY. I SPEND MOST OF MY 
TIME WITH MY FIANCE AROUND HIS FAMILYS DAIRY FARM IN 
BULTER, MINNESOTA. WE ENJOY SPENDING TIME TOGETH-
ER WHETHER THAT IS HOBBIES LIKE HUNTING, ICE FISH-
ING, TRAPPING, FOUR WHEELER RIDES, AND HANGING WITH 
FRIENDS OR DOING FARM CHORES. I PREFER THE SIMPLE 
THINGS IN LIFE AND HOPE TO FIND A CAREER THAT WILL 
ALLOW ME TO CONTINUE SPENDING TIME WITH MY FAMILY 

AND LIVING OUTSIDE OF TOWN.

A
B
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2ND YEAR
FALL 2019:
INSTRUCTOR - RON RAMSEY
ARCHITECTURAL DESIGN 1
BOATHOUSE PROJECT

SPRING 2020: 
INSTRUCTOR - MILTON YERGENS
ARCHITECTURAL DESIGN 2
DWELLING PROJECT

3RD YEAR
FALL 2020:
INSTRUCTOR - BAKR ALY AHMED
ARCHITECTURAL DESIGN 3
XXXXX PROJECT

SPRING 2021: 
INSTRUCTOR - EMILY GUO
ARCHITECTURAL DESIGN 4
XXXXXX PROJECT
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4TH YEAR
FALL 2021:
INSTRUCTOR - CINDY URNESS
ARCHITECTURAL DESIGN 5
XXXXXXX PROJECT

SPRING 2022: 
INSTRUCTOR - DAVID CRUTCHFIELD
ARCHITECTURAL DESIGN 6
DWELLING PROJECT

5TH YEAR
FALL 2022 - SPRING 2023:
INSTRUCTOR - GANAPATHY MAHALINGAM
DESIGN THESIS
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this project, I know that there is no way it would have 
been accomplished without the help of many others: 

First, to my FIANCE,
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about how much time I needed to spend working on this 
project instead of with you, especially these last few 
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STRESS WHEN NECCESARY.

Second, to my family, 
Thank you for understanding how little time I had to 
travel and visit you. I know how much you would have 
liked to see ME, but you understood that it just was 

not possible with my schedule. Also, thank you for al-
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