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Embodied carbon assessments are being
undertaken across Ontario. Received
results for 41 projects from 16 different
respondents.

Projects predominantly used either One
Click LCA or Athena software. The results
of these tools seems to be relatively
consistent (average intensity of 398* vs
434, respectively).

Embodied carbon intensities increase with
building height due to increased materials
per area and greater subsurface works.

Buildings with timber structures seem
to have lower embodied carbon (~16%
lower). Including sequestration makes this
difference significant (~59% lower).

‘Upfront carbon’ (A1-A5) also accounts
for the vast majority of a project's total

Commercial Office / Retail

10 buildings
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The below results are the first attempt to collect and
compare embodied carbon results as calculated using
whole building life cycle assessments (WBLCA) for
Part-3 buildings in Ontario. We received results for 41
separate buildings. The results are shown below and
will be used to inform future policy recommendations
for the City of Toronto and other governments. Note
there is some ‘noise’ in the results due to variations
in methodology, scope of assessment, and tools used
by the teams who calculated these values for each
building. Nevertheless, these results are an important
first step in understanding embodied carbon results in
the City of Toronto and other Ontario municipalities.

80th

percentile

Median

20th

percentile

All Other Types

16 buildings

embodied carbon, on average ~90% of the
data set.

Methodology differences make high quality
comparisons between projects difficult.
Any future policy should provide clear
guidance for required life cycle phases,
objects of assessment, material quantity
data sources, and treatment of carbon
sequestration.

We have found that significant carbon
savings are immediately available to
projects in their design stage. For example,
working with one City of Toronto project,
three material substitutions were approved
(lower carbon concrete, lower impact XPS
insulation, and lower impact concrete
sealant) which led to a 26% reduction in
total embodied emissions and over 800
tonnes of CO2e avoided!

*all values are embodied carbon (global warming potential) intensity, life cycle phases A1-A5, B1-B5, C1-C4, in units of kg CO2e/m2
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https://drive.google.com/file/d/13vU61c7_0UINI_LjzODykqAE0sXgNL9S/view?usp=sharing
https://share.hsforms.com/1oiHsha40QXygy5KJrU57Qg5h51h
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SURVEY FINDINGS

NOTE: The following is not an official opinion/position
of the City of Toronto, but will be used to inform policy
considerations by the C|ty DEVELOPMENTS
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Survey 1 - Key Takeaways

1. Voluntary embodied carbon assessments are being
done in the GTHA.

2. Data sources used range of from industry-average
EPDs to product-specific EPDs to generic
software/database entries.

3. LCA analysis is being done throughout design and
construction processes - including schematic, design
development, construction documents, and
post-occupancy.

4. The market can support this type of analysis, evident
by the number of expert respondents or familiar with
tools.

5. Methodology differences make high quality
comparisons between projects difficult. Any future
policy should provide clear guidance for required life
cycle phases, objects of assessment, material quantity
data sources, and treatment of carbon sequestration.

6. Most common barrier to broader uptake is “not sure ‘
where to begin”. #

M A N T L = é UNIVERSITY OF TORONTO 4
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18. What tools or software do you typically use to conduct your embodied carbon
assessments? *

Check all that apply.

|| Athena Impact Estimator for Buildings
" One Click LCA

D Embodied Carbon in Construction Calculator (EC3)

[ Tally

{:] Excel / manual calculations
[ "] simaPro

[ ]openLCA

[ | Unsure

Other: D

19. Please describe any difficulties you faced when using any of the tools you selected
in the previous question. Be sure to mention which tool you are referring to in your
response. If you did not face any difficulties, please leave this answer blank.
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Survey respondent sectors

NGO / Not-for-profit... : Academia
4.3%

. Municipality
24 respondents in total 43%
Engineering
Responses were submitted between September 29, 2021 -
November 1, 2021
Developer Architecture
Roughly 60% of respondents were submitted by:
o  Architecture firms
o  Consulting firms
o Developers

Consulting Conservation authority

4.3%
Construction

- 4 6
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Identifying embodied carbon reduction opportunities

ZCB standard
LEED points

1.

2.

3.
4.

Stakeholder pressure (owner, investor, builder, etc.) to

reduce Scope 3 emissions
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Reasons for quantifying embodied carbon

Existing buildings

New buildings




Most respondents have performed multiple assessments Interest in quantifying embodied carbon by conducting

Keen interest in future embodied carbon quantification from LCAs is growing
those who haven't yet (see “No” column, green, orange, and
grey segments) Embodied carbon quantification should grow in the next

year, aligning with new version of TGS

New vs. existing buildings for future embodied carbon
quantification

3

Had respondents quantified embodied carbon before?

22— [} 100%
17 W 80%
W 60%
B 40%
B 20%
B 0%
[ 7 or more
W 46
W 13
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Yes No Yes, on an existing Yes, on a new Unsure
building building
Completed an LCA? (Yes - how many // No - likelihood in next year) renovation/addition




When is embodied carbon assessment typically performed?

Most assessments during design development

Nearly as many in schematic and construction
documents.

Fewer but still a sizable amount done
post-occupancy (when no reductions are possible)

"]m T n N‘I‘ M A N | L - @ UNIVERSITY OF TORONTO 9
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What life cycle stages are typically included?

20 -

A range of life cycle phases were selected, therefore
comparison between results is not straightforward

Only 3 respondents selected the same phases: A1-A5, B1-B5,
C1-C4

2 respondents selected upfront carbon only: A1-A5
Another 2 respondents selected A1-A4, B2-B5, C2-C4, D

All other respondents chose a unique combination of phases

= 10
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Typical object of assessment

A range of object of assessment.

Some selected things that are not part of the LEED or CaGBC
scope like basement excavation, mechanical, electrical,
plumbing, partitions, etc.

= 2 11
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Typical Study Reference Period

12 -

Mostly 60 years (LEED / CaGBC), but not all

5-10 years 50 years 60 years Unsure

= 12
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1. Material takeoffs by embodied carbon assessor

2.BIM

3. Quantities provided by design team

4. Cost estimates (ranging from Class D to Class A)

Main source of building material quantities

Material Material Quantities  Quantities  Quantities  Quantities Unsure Other
takeoffs by  quantities from Class from Class from Class from Class

the provided by A cost B cost C cost D cost
embodied  structural  estimates  estimates estimates estimates
carbon engineer  (i.e. based (i.e.based (i.e.based (i.e.based
assessor and on on mostly  on slightly on
from architect, completed  complete complete  conceptual
structural and/or other  tender design design design

and designers documents) documents) documents) documents)
architectural

drawings




1. Online / tool database
2. Product-specific EPDs

3. Industry-average EPDs

Material carbon data source
20
15
10

Environmental  Environmental Published Online embodied Professional life  Non-published Data from
Product Product industry or carbon tools cycle data | get research papers
Declarations Declarations manufacture  (Athena Impact assessment directly from and journals
(EPDs) - (EPDs) - data other than Estimator for software manufacturers
product-specific industry-average EPDs Buildings, One (SimaPro,
Click LCA, openLCA, etc.)
Embodied
Carbon in
Construction
Calculator
(EC3), etc.)




Most don't include carbon storage (sequestration /
biogenic carbon)

Some report separately and don't include towards net
zero balance

Answers were all regarding sequestration. Anyone who
discussed carbonation (carbon absorbed by concrete) said
they didn't include it and it likely is only applicable at end of
life after demolition.

Inclusion of carbon sequestration (wood) and carbonation
(concrete)

10
8
6
4
2 -
0
As per databases Not included Reported separately Sequestration
and not towards net  considered only for
zero materials with crop

rotation <1 yr

pu— 15
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AIENE! What software do you typically use?

One Click LCA

Tally

EC3 & Excel

Different softwares use different assumptions and calculation
methods making comparison between them difficult.

Each will give slight different answers, but isn't this also true
of energy modelling software, meaning this isn’t a unique
problem to LCA?

pu— 16
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Type of building?

12 -

1. Educational
2. Mid/high rise res, office, institutional

3. Government

= 17
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Barriers preventing respondents from conducting LCAs

@ Concern regarding changes required
based on the results

8.3% 8.3% @ | don't know what to do with the results /
how it would be useful

@ lIdentifying suitable developer partners to

P . work with
Majority are unsure of where to begin.

@ Lack of requirement is the biggest barrier
. . . in the construction industry
More basic education on the process is needed . ——_—
@ No requirement/pressure/incentive to
thro ughout the ind ustry. quantify or minimize embodied carbon
@ Not sure where to begin
@ There were no barriers

@ Unfamiliar with LCAs and/or embodied
carbon

"]m T n N‘I‘ M A N | I_ - @ UNIVERSITY OF TORONTO 18
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Respondents asked to provide project-specific whole
building LCAs

Results were requested at the highest resolution / per
life cycle stage if available (ie: A1-A3 separately from
A4, separately from A5, etc).

Building information collected which included:

a.
o}
C.
d.
e.

area
number of occupants
number of storeys

use and location ation
primary structural system

Carbon sequestration values
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The average values for the two primary tools are close. Although tools may
provide different results given slight methodology variations, it may not be as
large a concern as some worry.

All Tools ONE CLICK LCA Athena Tally
Embodied Embodied Embodied Embodied
Total Count o Total Count P Total Count Carbon Total Count Carbon
All Building Types 43 405 33 398 9 434 1 377

22



Buildings with structural systems that are primarily
timber-based seem to be lower embodied carbon than
non-timber based structures (16% lower based on our
sample data).

If biogenic carbon (sequestration®*) is included in results,
the difference is significant (59% lower).

*biogenic carbon or carbon sequestration refers to the carbon stored in
wood (or other bio-based materials). It may be permanently removed
from the atmosphere or returned to the atmosphere depending on
building end of life decisions around reuse and waste treatment. It
remains out of the atmosphere for the life of a building at minimum.

Current best practice is to report this value alongside total building

embodied carbon, but not to aggregate or include in the total value
reported due to uncertainty regarding future unclear end-of-life
treatment.

Total

Projects

Non-Timber

Structures 31
(30 concrete, 1 steel)

Timber-Based

10
Structures

Biogenic
Embodied Carbon
Carbon  (Sequestered

Carbon)
423 (5)
355 (182)

Note that there is some ongoing debate regarding the accuracy of current
timber-related LCA-based data sources given the complex forestry

systems involved. -
. MANTI—: @}’oﬁ”ﬁ%ﬁﬂé’u"&c{,ﬂ“ﬁ”° 23
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The average self-reported embodied carbon intensity for all

building types is below 500 kg CO,e/m? for all building types.
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BUILDING TYPE

695

220

All Other Types

16 buildings
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The vast majority of emissions are during the
material production phases.

This data represents 38 project entries (those that

used One Click LCA, Tally, EC3). Athena doesn’t
provide this breakdown.

GWP (kgCO2e/m2)

Upfront carbon (A1-A5)
=372 (90% of embodied A-C)

-100 -
A1-A3 A4 A5

14

B1-B5 C1-C4

Production Transport Construction Maintenance End of Life

CCTAF i ToRonmo
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Walls (including envelope) and floors represent
vast majority of emissions.

This data represents the 4 project entries that
used Athena Impact Estimator.

The University of Toronto findings support these
findings, although Foundation works would
increase where underground parking is a part of
the project.

*All units expressed as kgCOZe/m2

Beams and
Columns

CTAF

Floors Foundations  Project Extra
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Thank you to all those who provided data for this study!
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We found a 30% reduction in embodied carbon
was reasonable on a specific project through six

material substitutions that had minimal impact on
budget and schedule.

The top three strategies alone result in over 26%
reduction and 800 tonnes of avoided CO2e:

1) Lower carbon concrete

2) Lower GWP XLS Insulation

3) Lower GWP concrete sealer

Embodied carbon (TCO2e) (A1-5, B3-5, C3-4)

B Emissions Reductions [ Reduced

4000 3 8 0

kgCO2e/m2*
3145 -246
3000 2 369 279
kgCO2e/m2*
7 22 191
2308
2000
1000
0
Baseline Lower impact  Recycled glass  Lower carbon Hempcrete High recycled Lower impact Subtotal
XPS insulation gravel insulation concrete (GUL + block in lieu of content concrete slab
high SCM%) CMU structural steel sealant

*Carbon intensity for embodied carbon baseline and reduced embodied carbon scenarios

- 28
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Solar PV system adds significant embodied carbon
initially and again after 20 years when replaced.

However, total carbon is significantly reduced by
using PV (case 2) vs not using PV (case 1) due to
the operational carbon savings.

Embodied Carbon Against Operational Carbon with and without PV Panel systems
(2022-2050). Case 2 (building with the proposed PV panels) results in a 36%
reduction over Case 1 (building without PV) in terms of total project related
emissions over a 28-year period.

Bl Case 1: Upfront embodied carbon [l Case 2: Upfront embodied carbon [l Case 1: Whole Life Carbon [l Case 2: Whole Life Carbon

600

400

Carbon (kgCO2e/m2)

200
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