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Inspiring and spurring 
collective action to 
solve the embodied 
carbon challenge

A program area of ZEIC
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The Embodied Carbon of Buildings
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Image: S. Smedley Skanska



Embodied carbon is significant
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Data sources: UNEP Global Status Report 2017
EIA International Energy Outlook 2017.

Global energy-related carbon emissions

https://www.eia.gov/outlooks/ieo/pdf/0484(2017).pdf
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We accelerate the transformation of the building sector to 

radically reduce the embodied carbon emissions 

associated with building materials and construction.

Carbon Leadership Forum
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Carbon Leadership Forum Network
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CLF BC Network Goals

❏ Collective Action

❏ Shared learning

❏ Collective problem solving

❏ Removing barriers to learning

❏ Going further, and faster 

collectively
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Presenter Notes
Presentation Notes
Inlet View is a Part 3



10

Presenter Notes
Presentation Notes
-Showcase excellence in embodied carbon reduction efforts in building projects and within the building industry.-the awards are meant to inspire others, educate, celebrate, and foster community in this area, of course a little friendly competition never hurts-we’ve had over 30 (37) entries spread over 3 categories-we have 6 categories this year:-organization commitment to change: -Public sector leadership-Strengthening the Practice-Large Buildings-Small Buildings-Commitment to Circularity 
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Organizational Commitment to Change

Public Sector Leadership

Strengthening the Practice

Large Buildings

Small Buildings

Commitment to Circularity

Submissions: February 5, 2024

BC Embodied Carbon Awards 2024

Awards: April 18, 2024

Presenter Notes
Presentation Notes
-Showcase excellence in embodied carbon reduction efforts in building projects and within the building industry.-the awards are meant to inspire others, educate, celebrate, and foster community in this area, of course a little friendly competition never hurts-we have 6 categories this year:-organization commitment to change: organizations shown exemplary commitment to change to reduce embodied carbon in the built environment-Public sector leadership: BC-based governments, regional districts, public sector organizations, not-for-profits shown exemplary leadership in reducing embodied carbon in the built environment-Strengthening the Practice: individual from the building sector demonstrated exemplary leadership in reducing embodied carbon in the build environment. -Large Buildings: Part 3 buildings demonstrating excellence in low embodied carbon design and construction-Small Buildings: Part 9 buildings demonstrating excellence in low embodied carbon design and construction -Commitment to Circularity: Exceptional initiatives and projects embracing advance circularity or circular concepts 
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Discover Montessori
42% reduction relative to baseline
Alternative construction methods
Adaptability throughout design process

Presenter Notes
Presentation Notes
-exceptionally low embodied carbon-42% reduction relative to baseline design-building carefully considered alternative construction methods to swap out the most carbon intensive forms of construction, for lower carbon alternatives-multiple structural and architectural configurations were considered, and design used low embodied carbon as decision-making tool-Judges liked the adaptability of the design team, and their ability to compare options at a high level before proceeding with the lowest carbon solution



Discover Montessori School
Nanaimo, BC
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3D Model



Isometric Floor Plan



Isometric Floor Plan
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Montessori Concept
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TOTAL EMBODIED CARBON USING CONCRETE SLAB:

282 tonnes CO2e

Concrete Slab Study



TOTAL EMBODIED CARBON USING HELICAL SCREW PILE:

152 tonnes CO2e

-47%  reduction from concrete slab application

Helical Screw Pile Study



TOTAL EMBODIED CARBON USING CONCRETE PIER FOOTINGS:

161 tonnes CO2e

-43%  reduction from concrete slab application

Concrete Pier Footing Study



Wood Retaining Wall



Building Section



Concrete Pier Footings

CONCRETE PIERS



WOOD RETAINING WALL

Wood Retaining Wall
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Wood Retaining Wall Detail

WOOD RETAINING WALL

•DIMPLE BOARD DRAINAGE MAT
•SELF-ADHERED WATERPROOFING MEMBRANE
•1/2" PT PLYWOOD
•2X6 PT WOOD STUDS @ 16" O/C
•5.5" GPS FOAM INSULATION @ TRUSS DEPTH



Envelope

AIR BARRIER

FLOOR ASSEMBLY

•FINISH FLOORING
•3/4" PLYWOOD, TAPE SEAMS W/ AB TAPE
•36" WOOD FLOOR TRUSSES C/W
•5.5” FIBREGLASS BATT INSULATION (R22)
•5.5” ROCKWOOL BATT INSULATION (R22)
•1/8" STUCCO WIRE MESH

ROOF ASSEMBLY

•PRE-FINISHED STANDING SEAM METAL ROOFING
•SELF-ADHERED ROOFING UNDERLAYMENT
•PLYWOOD SHEATHING AS PER STRUCTURAL
•ROOF TRUSSES AS PER STRUCTURAL C/W
•12“ FIBRE GLASS BATT INSULATION (R40)
•AVB BARRIER MEMBRANE
•2X4 WOOD STUDS ON EDGE (UTILITY CHASE) 
•5/8" TYPE X GYPSUM BOARD, PAINTED

WALL ASSEMBLY (R24.5)

•1X8 SHIPLAP HORIZONTAL SALVAGED DFIR CLADDING, 
PLANED AND STAINED
•3/4" X 2" PT VERTICAL PLYWOOD STRAPPING, 16" O/C 
ALIGN TO STUDS
•6" RIGID MINERAL WOOL INSULATION BOARD (R24.5)
•SELF-ADHERED AVB MEMBRANE
•1/2" PLYWOOD SHEATHING
•2X4 WOOD STUDS @ MIN. 24  O/C (NO INSULATION)
•5/8" TYPE X GYPSUM BOARD, PAINTED



HVAC

MECHANICAL DUCTS



HVAC



Water Retention Tanks

RAINWATER HARVESTING



Rainwater Catchment POTABLE WATER CATCHMENT

IRRIGATION WATER CATCHMENT

TREATED RAINWATER STORAGE

IRRIGATION RAINWATER STORAGE



Daylighting
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Reclaimed douglas fir flooring - Heritage Lumber

Reclaimed Exterior Cladding
heritagelumber.ca



3D Model - Northwest View



Reclaimed Douglas Fir Flooring
heritagelumber.ca



Waste diverted hemlock - Timber Tiles
Recycled Interior Cladding
timbertiles.ca



Timber Tiles
timbertiles.ca



Timber Tiles
timbertiles.ca



3D Model - Northeast View



Windows



Reduced Carbon Strategies

Operational Carbon

Highly efficient envelope
Airtight envelope
Good insulation
Harvesting Free heat
Solar Heat Gain through windows
Internal Heat Gains
Efficient & simple HVAC system
Heat recovery Ventilation
No Airconditioning
Natural ventilation/Operable windows
Electric heat,
Natural daylighting
Planned for PV

Embodied Carbon

Wood Contruction
Concrete pier foundation
Fibreglass and Mineral Wool insulation
Wood windows
Reclaimed wood cladding
Metal roofing
Marloleum Flooring



Embodied Carbon Award Winner

Discover

Montessori

January 19th, 2024
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How Significant Amounts of Embodied Carbon were Avoided
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Insulated Concrete Slab with Strip Footings

How Significant Amounts of Embodied Carbon were Avoided

Crawlspace with Pad Footings

ALSO UNDER CONSIDERATION AT ONE TIME: Helical Screw Piles
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How Significant Amounts of Embodied Carbon were Avoided
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How Significant Amounts of Embodied Carbon were Avoided
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How Significant Amounts of Embodied Carbon were Avoided
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How Significant Amounts of Embodied Carbon were Avoided
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How Significant Amounts of Embodied Carbon were Avoided

Source: EMBARC Report, Builders for Climate Action
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Interventions that were lower / unknown impact, but explored

• Alternate Window Frame Types

• Especially tricky as Windows also affect Energy Model

• Using Wood instead of Steel for the Entry Canopy columns 

• Reclaimed Materials (Software Limitation)

• Interiors Materials (Outside Boundary)
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Carbon emissions 

associated with 

production, 

construction, use and 

end of life stages.
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LCA Modelling Tool:

Modelled Lifespan:

    60 Years 

   Embodied Emissions until 2084

Modelled Scope:

         

       Structure + Enclosure 

Overall Results
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Overall Results
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Overall Results

9%

11%

8%

43%

29%

Embodied Carbon By Building Element

Columns & Beams Floors Foundations Roofs Walls
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Overall Results - Scenarios

Impact of:
• Deleting Concrete Slab + 
• Deleting Concrete Retaining Walls
• Deleting Concrete Strip Footings
• Deleting Subslab XPS Insulation
• Deleting Retaining Wall XPS Insulation

Impact of:
• Adding Concrete Columns over Pad 

Footings (More of an accounting exercise than an increase, 

emissions just moved from “Walls” to “Columns and Beams”)

• Adding Batt Insulation to TJI Floor

Impact of:
• Switching Roof Insulation Type
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Overall Results
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Overall Results
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Carbon Intensity 

137.4 KgCO2e/m2/60yr

For Context, the best threshold set in the 

CaGBC Zero Carbon Standard is 

<240 KgCO2e/m2/60yr
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Carbon emissions 

associated with energy 

and water use during a 

building lifetime.
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Operational Carbon

Energy Efficient Design Elements

o High performance opaque envelope (R38 Roof, R35 Floors, R19 Walls)

o High performance glazing systems (Uip0.25)

o Low window to wall ratio (15%)

o Low vertical façade to area ratio (VFAR)

o Heat recovery ventilators for preheating outdoor air (~75% Recovery Efficiency)

o Lower lighting load due to natural daylighting

o Demand controlled ventilation in classrooms and offices (via CO2 sensors)

27.8 kwh/m2/yr
TEDI

82.8 kwh/m2/yr
TEUI
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Operational Carbon

Converting Energy to Emissions

TEUI x BC Electricity Emissions Factor (0.011 kgCO2e/kwh) = Greenhouse Gas Intensity (GHGI)

= 0.9108 kgCO2e/m2/yr

= Annual Operational Emissions of 1,038 KgCO2e

= Projected Lifetime Operational Emissions of 62,298 KgCO2e

For context, a new condo built to the 2023 Zero Carbon Step Code “Moderate” step emits

<7.0 kgCO2e/m2/yr, while one built to the “Zero” step still emits <2.0 kgCO2e/m2/yr
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Carbon emissions 

associated with the 

whole life cycle.
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Whole Life Carbon story

57%

3%

2%

8%

28%2%

A1-A3 A4 A5 B4 B6 C1-C4

Lifetime Emissions of 

223,347 KgCO2e

Lifetime Intensity of 

196 KgCO2e/m2/60yrs
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Whole Life Carbon story

Source: LETI Embodied Carbon Primer, 2020

30% 80%

PRESENT

FUTURE

PAST
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How it is Low Carbon in aspects most don’t even consider

kgCO2e?
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How it is Low Carbon in aspects most don’t even consider

2000 sqm 25 Tonnes
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How it is Low Carbon in aspects most don’t even consider
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How it is Low Carbon in aspects most don’t even consider
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How it is Low Carbon in aspects most don’t even consider

R410a

2,088
kgCO2e/kg

R134a

1,430
kgCO2e/kg

Concrete Stainless steel Aluminium
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How it is Low Carbon in aspects most don’t even consider
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Reducing Operational impacts beyond energy

Carbon emissions 

associated with energy 

and water use during a 

building lifetime.

Note: While uncommon in North America, 

Module B7 is accounted for in LCA’s under 

the Australian Green Star program
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Reducing Operational impacts beyond energy

RAINWATER FOR POTABLE USE – WHY?

No municipal water source

Option 1: Well water

Option 2: Rainwater

Aquifer is already overtaxed 
with existing users. 

Option 3: Bulk water
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Reducing Operational impacts beyond energy

RAINWATER CATCHMENT – WHY IT FITS WITH A SCHOOL WATER USE

Summer = lower rainfall & lower demand

Total raw storage = 104,100 L
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Reducing Operational impacts beyond energy

RAINWATER CATCHMENT - POTABLE AND NON-POTABLE WATER SYSTEM 

1544 m2

460 m2

RAW WATER STORAGE

104,100 L



33

Reducing Operational impacts beyond energy

RAINWATER - TREATMENT

FILTERS
CHLORINE
SYSTEM

UV STERILIZATION

CIRCULATOR PUMPS

DISTRIBUTION 
PUMPSANALYZER

ANALYZER WATER
RECAPTURE SYSTEM

TEMPERATURE 
GAUGE

DISTRIBUTION 
TO SCHOOL
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Reducing Operational impacts beyond energy

GREYWATER READY
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Beyond Carbon

2023 Planetary Boundaries  - Stockholm Resilience Center 
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Beyond Carbon
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Beyond Carbon

2023 Planetary Boundaries  - Stockholm Resilience Center 
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Q+A



Q&A
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BUILDEX
Presentations & Social Event

Wednesday, Feb. 14th 

Next Event
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