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AlA CEU Learning Objectives

. Develop knowledge and awareness of Global GHG Emissions and Climate
Action Context; Develop an understanding of quantity of carbon emissions by
sector, and within buildings

. Benchmark existing campus conditions. Making carbon visible.

. Understand the challenges and opportunities of a structured approach to
decarbonizing building portfolios:

. Outline and define the actions that can be taken with a structured apprc
to decarbonizing building portfolios.
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Reflections Over a Long Career...

Energy Savings

PrObI'em Willie Pen‘
S ee kI ng CRS Architects

More Efficient Technologies and Systems co e RS

Pollution Reduction

Sustainability — Green Design Certifications — Product Declarations

Climate Change, Global Warming

Clean Energy Resources Form _
Function
Net Zero, Carbon Neutralit
4 Economy
Embodied Carbon Time
Carbon Emissions - Greenhouse Gases - DECARBONIZATION E N E RGY'
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What is Decarbonization?

Reducing or eliminating carbon emissions
before, during, and after construction.

Involves changes in technology, behavior,
expectations, and policies.

Mitigates impacts — severe storms, heat waves,
sea level rise, healthy planet.

Aligned to Paris Agreement — the planet needs to
achieve net zero GHG emissions by 2050.

One of the most cost-effective ways to reduce
emissions quickly.
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Why is “Decarbonization” important?

Facility modernization, repurposing, optimization, Sustainable and Low Carbon Initiatives

hybridization, downsizing.
L S

Will become more and more integral in master T
planning processes. QI

Renewable

Products

Improves air quality and reduce water pollution.

it Renewable
Healthy classrooms and communities. Natural Gas

Water
_._::l_l;i._... Reutilization |

Manage the economics - operational efficiencies and
renewal costs. Maximize ROI. S

Technol

ooy Integrator
_hemica .llll I:I'I'..?'i;ilnj-' I".:i

Likely to become more and more a part of Hydrogen
stakeholder / societal priorities and expectations. Mellane Pyolysis
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We are all embarking on decarbonization journeys...

...whether individual, institutional, and/or organizational - if not already
engaged.

We'll discuss tools, guideposts, pathways, dashboards, and ideas to
consider along the way.

We will also review an imaginary “case study” demonstration for a Florida
university campus.
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What is a “Decarbonization” Roadmap?

“A decarbonization roadmap identifies cost effective strategies and approaches to achieve net zero
greenhouse gas emissions across a portfolio of buildings. A roadmap lays out a vision to transition
buildings in their portfolio to be healthy, efficient and carbon neutral. It outlines long term goals, sets

interim targets, and explains how they will be achieved.

Getting to net zero over time at the portfolio level requires attention to decisions in individual buildings.
Specific events in a building’s lifecycle are seen as opportunities for improvement in a zero over time
approach. Having a set of performance goals set in advance allows districts to take advantage of new

construction, major modernizations, system retrofits and equipment replacement projects as they occur.

This approach can be customized for organizations of any size, no matter where they are in the process.”

[New Building Institute, “Decarbonization Roadmap Guide for School Building Decision Makers”, April 2022]
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What is Net Zero?
Ca

Carbon Neutral

Net Zero

Requirements are less onerous * Inline with latest climate science
Often seen as a first step * Requires all available technologies to be used
e Only truly ‘hard-to-decarbonize’ emissions may
be compensated with carbon offsets

2022

2022

2022 2023 2024 2030

Emissions  Carbon reduction Carbon removal
credits credits
ATKI NS @™ Engineering
Net Zero

In partnership with our planct
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Beyond Net Zero

e ‘Climate Positive’ or ‘Carbon Negative’
* Having a positive impact on the climate
e Abating more carbon that you create

2020 2030 2040
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Greenhouse Gas Emissions by Source

Global GHG Emissions by Sector

Buildings
Materials and

Industry

Building Operations
30%

28%

Transportation
22%

Sources of Greenhouse Gas Emissions | US EPA
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U.S. GHG Emissions by Economic Sector —
Electricity Emissions Distributed

Agriculture
11%

Industry
31%

Transportation
27%

Buildings

31%

More at the City Level

Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2020 — Main Text (epa.qov)
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https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-2022-main-text.pdf

Categorizing Organizational Carbon Emissions

Carbon Footprint: Scope 1, 2 and 3

Scopes 1, 2 and 3 are used to categorize different kinds of emissions that an organization
creates in its own operations and wider value chain to enable consistent reporting

Scope 1: Direct emissions issued by an organization
; ; ; ot SCOPE 1
e.g., gas boilers, vehicles, power generation (owned by an organization) s

s ( Scope 2: Indirect emissions from purchased energy
S e.g., heat or electricity SCOPE 2

INDIRECT

Scope 1 & 2 — mandatory part of reporting for many organizations
worldwide and represent systems ‘within reasonable control’

H Scope 3: Emissions for which an organization is indirectly responsible
ﬁ e.g., buying products from suppliers, business travel, and employee

commutes

. - Scope 3 is often the largest and most difficult to tackle (as organizations

have less control on how these emissions are addressed)

Adapted from the Greenhouse Gas Protocol
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Examples of Emissions by Scope

Scope 2
INDIRECT
. Scope 3
II INDIRECT
purchased
goods and
services
d purchased electricity, steam,
heating & cooling for own use
_ah_g leased assets
capital !*
goods P et
employee
fuel and commuting
energy related

business
travel

activities é r—
transportation .

and diskribution waste
generated in
operations

Upstream activities

Scope 1
DIRECT

i

company
facilities

—

company
vehicles

Reporting company

Scope 3
INDIRECT

I

transportation
and distribution

& investments
ing of franchises

processing o

sold products ﬁ

¥ B
use of sold E leased assets
o end-of-life
treatment of

sold products

Downstream activities

Source: WRI/WBCSD Corporate Value Chain (Scope 3) Accounting and Reporting Standard (PDF), page 5.
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https://ghgprotocol.org/sites/default/files/standards/Corporate-Value-Chain-Accounting-Reporing-Standard_041613_2.pdf

Example of Education Emissions by Scope

Transmission & Directly Financed

Distribution Purchased HVAC Systems Air Travel
Losses Electricity Fugitive Emissions (Scope 3)
(Scope 3) (Scope 2) (Scope 1)

(Scope 1)

On-Campus
Power Plant

Fossil Fuel Burning
Equipment
(Scope 1)

Commuting
(Scope 3)

Management
(Scope 3)

University Fleet
(Scope 1)

Agriculture
Emissions

(Scope 1)

Source: Why Your College Hasn't Achieved Carbon Neutrality (Yet) - The Association for the Advancement of Sustainability in Higher Education (aashe.org).
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INSTITUIONS:

SCOPE 1: 10-40%

SCOPE 2: 5-10%

<

SCOPE 3: 60-80%
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https://www.aashe.org/why-your-college-hasnt-achieved-carbon-neutrality-yet/

Decarbonomics

d by Carbon Data Insights

Buildings

Building Source
GHG Emissions
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Whole Life Carbon = Embodied Carbon + Operational Carbon

ST 0%
- H U = % 3K
e $ H| K T
---------- . |
PRODUCT CONSTRUCTION USE END OF LIFE BEYOND THE BUILDING
STAGE STAGE STAGE STAGE LIFE CYCLE

Benefits and Loads Beyond
the Building Life Cycle

Refurbishment

Maintenance
Replacement

Repair

[
o
=

m Operational Energy Use
Operational Water Use .
—————————— ol

Source: EN 15978-2011
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Recycle

Construction and Installation
Deconstruction & Demolition

Raw Material Supply
Transport
Manufacturing
Waste Processing

=
=]
&
g

Transport
Disposal

L UPFRONT CARBON ————



Whole Life Carbon = Embodied Carbon + Operational Carbon

10Gt CO,

38% Total

28% Operational

Carbon Emissions (kgCO _e)

10% Embodied

Use Stage (Years)

Buiding Lifecycle

. Embodied Carbon Operational Carbon

» Global Building Emissions = All other sectors

Figure A.9.3 reproduced from LET! Climate Emergency Design Guide

80% of Buildings Standing in 2050 already exist today
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Major Climate Impacts on Building Owners, Operators, and Users

1. Direct Impacts
Asset Damage
Reduced Asset Lifespan

Power Outages & Closures

2. Indirect Operational Impacts
Supply Chain Disruptions

Transportation System Disruptions

ATKINS (% fose

Member of the SNC-Lavalin Group

3. User & Operator Impacts
Acute and Chronic Health Impacts
Migration and Displacement
Physical & Mental Stress
Reduced Productivity

4. Regulatory Impacts

Financial & Operational risks

associated with direct and

Y/

transitional risk



Opportunities

Achieve
Objectives

Reduce
Operational Costs
by Optimization

ATKINS - @ feteas™

eeeeeeeeeeeeeee “Lavalin Group

Cost Effective
Decarbonization

Compliance with
Emerging Codes &
Regulations

Retrofit in Line with

Existing Building
Asset Lifecycles

Appease
Stakeholder
Expectations

Y /A



Challenges

Carbon Visibility

Optimizing Delivery
Approach

ATKINS - @ feteas™
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Incomplete Data

Developing Robust

Investment Cases

What intervention

options are there?

Performance
Tracking &
Reporting
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Presenter
Presentation Notes
To scale decarbonization, we need to leverage people, data, and technology to deliver practically and cost effectively.

The approach we have taken with clients uses all these. 

And looks at portfolio and building level

Visualize

Good data management

Cost benefit analysis




An Approach to Portfolio Decarbonization

3. DELIVER

=
o8}
Im
pd
@)
I
<
>
Py}
A

PORTFOLIO DECARBONIZATION
MANAGEMENT DELIVERY

9 9 9 FUTURE
. PROOFED
_ \ 9 9 ; PORTFOLIO

POWERED gy,
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Key benefits throughout the process

® 1. BENCHMARK
/"\

Data Capture and Management

Capture data to enable clients to understand
their portfolio.

Up to date and o— Acti;(ely seek
organized data om @ continuous
improvement

@ Reputational /T:I Increased

T benefits oLl market value
Data led .
\/ decisions o e Sy assurance
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Key benefits throughout the process

Data Analytics

Scenario testing to develop a custom roadmap,
analyzing carbon, cost and engineering solutions.

( Access to global 0|0 Sector Benchmarking
H  benchmarking Cl1D

88% E}rglgeorv;/ered decision &/ Cost effective solutions
L \/_J
AIA

® 2. ROADMAP




Key benefits throughout the process

3. DELIVER
/.

PORTFOLIO DECARBONIZATION
MANAGEMENT DELIVERY

Delivery Management
Deliver interventions effectively over the
lifetime of a portfolio.

Decarbonized Cost effective
@ and resiliant and deliverable
v 1

portfolio (solution) decarbonization plan
/ .
Quality control |:| Reduced
in construction |:||:| performance gap
Improved Healthier &
&8/ productivity > resiliant portfolios

Whole life asset
,r~,|:| management to remove
Ol performance gaps




Case Study Demonstration — a Florida University Campus*

®
S2M 441\ HI
\\I" i
\\H—
. H\'\\_ [
| -
E— ..m
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Home
-
Benchmark
G 9 )

AIA
ATKIN S » O™ Engineering Continuing
' Net Zero Education
Member of the SNC-Lavalin Group In partnershia with our planct PrOVider



Decarbonomics

Powered by Carbon Data Insights

Buildings

O

Benchmark
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Roadmap
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Net Zero SNC-LAVALIN
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Benchmark Your portfolio visualized Roadmap Your decarbonization scenarios Deliver Track your portfolio interventions over time

We ensure quantifiable decarbanization interventio yre delivered
throughout the life cycle

performance aga

We capture, structure,
understanding of your p I
create a framewerk to maximize the value of your data

data to gain a deeper

benchmark current performance and

1e views of your
1st plan

No. of Buildings Analyzed

Site Surveys Completed

No. of Completed Interventions  (0) Spend this year ($) (D

0 OM

0 29 0.00K TB&K 0 206 oM £241M

Data Aceurac (1) Wl Net Zero Pathway Summary

Scenario: ® BAU @Option 1: Optimized Carbon Saving © Option 2: Optimized Utility Saving @ Option 3: Optimized ROl

5%
15%

B0%

Data Source Site Survey @RFI| Data @ Benchmark

Operational Data

Total Estate Carbon (tCO2e)

Energy Data Utility Data
L 2
ok
@ °
\
Asset Data Building Data
® Baseline Data Maturity Improved Data Maturity




Benchmark  Your portfolio visualized Last Refreshed : 10/07/2023 @

Decarbonomics : : - :

Buildings

Year of Construction

Tenure Building Name Country Region Building Typology
All AV All N All L5 Al g All e 1580 14
52 = | & "

Tatal No. Buildings { & @ @@ @
@ . @ @?@@' =

@,_-‘f-‘; @ 9 : e

3M : ® S

Gross Internal Floor Area {sg ft)

- ]
$ 6 6 M Average EUl of previous year (kWh/sq ft/yr) @
-
Baseline Annual Utility Bills ($) a 28 I*M i S 2
Min EUI Max ELI crot g T 2023 TamTam, & 2023 Micresh Corporstan, © OpenSreeiian . T =
Building Name Year of Floor Area (sq ff}  Annual Utility Bill ($) Annual Energy Energy Use Intensity Baseline Operational  Carbon Emissions Annual Utility
D e |.| ver $ 2 Construction Consumption (kWh) (kWh/sq ) Carbon (tCO2efyear) (tCO2e/sq ft) Bills ($/sq ft)
-
Annual Utility Bills (3/sq ft} College of Engineering & Computing 1994 679212 513182330 12,080,582 25 4506 0.009 53
% Parkview Hall{PVH) 2013 300,000 $746.6940 4,666,837 16 1.741 0.008 52
Gregory B. Walfe Univ. Ctr (WUC) 1980 153.420 54775960 4,376,795 29 1,633 0.011 53
Carbon Data Insights 2 0, 1 70 Academic Health Center & (AHC4) 2013 136076 §427.395.0 3916743 29 1461 0.011 53
Baseline Carban (tCO2e/yr) 2
Academic Health Center 2 (AHC2) 2005 119.899 53804820 3.486824 29 1.301 0.o0m 53
.)) Academic Health Center 1 (AHC1) 2002 117.862 %366,050.0 3354566 28 1.251 0011 53
P Engineering
’ NetZero ~ SNC-LAVALIN Mgmt And New Growth Opportunities 2014 113.051 $354.598.0 3249611 29 1.212 0011 %3

0.007

@ SNC Lavalin 2022 All rights reserved Carbon Emissions (IC02e/sq ft) Academic Health Center 3 (AHC3) 2009 114.929 53161510 2897.27& 25 1.081 0.009 53




Roadma p Your decarbonization scenarios Last Refreshed : 10/07/2023
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MNet Zero Target Year

Buildings

Total Annual Operational Carbon in Estate (tCO2e)

Scenario: ®Business as Usual @ Option 1: Optimized Carbon Saving @ Option 2: Optimized Utility Saving @ Option 3: Optimized ROI

Net Zero Pathway Summary (1)

Capital Costs {$)

$241.279.724

Optimized Carbon Saving

Utility Savings (%}

£5.189.958
Optimized Carbon Saving

2K $241.286,.896 $4,894,040
Optimized Wility Saving Optimized Utility Saving
$239.750.784 $5.208.011
15K Optimized ROI Dptimized ROI

Operational Carbon Saving

Residual Carban (tCO2e)

[ECO2el

Benchmark 10K = 1312
Optimized Carbon Saving Optimized Carbon Saving

Q 8.305 1.395
fo 5K Optimized Utility Saving Optimized Utility Saving

7.860 2.050

— Optimized ROI Optimized ROl
0K

2025 2030

2035

2040

2045 ‘See All Programs

Marginal Abatement Cost Curve (1) Jl Option 1: Optimized Carbon Savings Scenario

4.000

Year

-

Intervention r T T T T —T T T T T T T T
= W Veniltion Imorovement ~ Eupanid A 2024 2025 2024 2027 2028 2029 2030 2031 2032 2033 2034 2035 2038
Deliver e
E c_liZI:‘fg Improvemsnts v
o LED [=] Academic Health Center 2 {(AHC2)
o 3.000 M Cooling
E.)_ W Wall insudarion
W BEME
@ Rpof Insulation BEMS
T
; 2000 Ventilstion improvements
w
g Heat Decarbonizati
. eat nization

Carbon Data Insights 2 4000

B e e ™
e Wall insulstion
@
= I

; n 0 Bv
& Engincering %) §  |EEE———
gineering
Q’ SNC +LAVALIN Roof Insulation
-1.000
0 1.000 2000 3.000 4000 5000 6000 7.0008.000 EEL

© SNC Lavalin 2022 All rights reserved Annual Operational Carbon Savings (tC02e) . ~




Interventions

ehavioral

Change
Space

Optimization

———
Roadmap _ _
optimization and High Quality
scenario testing Offsetting

Systems
Electrification

HVAC

Efficiency
Upgrades
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Benchmark

Lo

Deliver

o

Carbon Data Insights
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Road map Your decarbonization scenarios Last Refreshed : 10/07/2023 ®
. Building Mame Intervention
1o Roadrr
i A dm_ap All ~ PVs N
Capital Cost (5)
Building Name BEMS Cooling Glazing Heat LED PV Roof Insulation Ventilation Wall Insulation Total ]
Improvements Decarbonization Improvements
Academic Health Center 1 (AHC1) $991.718 £3.919.668 $3.874,549 $1.850,138 $£1.129.936 $524,902 $57.063 $200.730 $94.709 $12,643414
Academic Health Center 2 (AHC2) 50 $4,107,034 $3,423,875 $1.190.778 £1.773.770 $337,808 $36,774 $204,199 £114.158 $11,188,3%96
Academic Health Center 3 (AHC3) $967.040 $3.710,803 $1.520.849 $1.487.714 $592.037 $195.735 $8.474,178
Academic Health Center 4 (AHC4) $1.179.325 $4.800.997 $25,720.210 £1828.632 £2.073.483 £759.597 £79.508 §231.750 $341.800 $37.055,302
Total $7.309,112  $71,255,708 $80,280,626 $28,367,750 $25,840,256  $19,759.887 $1,408,440 $3.624,576 $1.904,42% $239,750,784
Operational Cost Savings (3)
Building Name BEMS Cooling Glazing Heat Decarbonization LED PV Roof Insulation Ventilation Wall Insulation Total -
Improvements Improvements
Academic Health Center 1 {AHC1) $76.241 $947 $27.450 ($2.016) £10817 $33.903 51.624 $19.178 $1.917 $170,060
Academic Health Center 2 (AHC2) $62,960 $18.720 $26.483 £5,230 $13.961 $21.819 31,140 52,582 $2,522 $205,418
Academic Health Center 3 (AHC3) $71,734 $12.109 $2,802 $12.959 $38.240 $23.214 $161,057
Academic Health Center & (AHCA4) 90,708 $11.362 $115.222 $932 518467 $51.646 $638 $27.485 $2.402 $318.841
Total $1,169,540 $191,657 $919.480 $31,749 $248,238 $1,998.333 $26,482 $5664,758 $55,772 $5,208,011
Operational Carbon Savings (tC02e)
Building Name BEMS Cooling Glazing Heat Decarbonization LED PV Roof Insulation Ventilation Wall Insulation Total i
Improvements Improvements
Academic Health Center 1 [AHC1) 14.58 137 39.64 -2.22 26.12 111.76 5.36 63.30 6.33 266.25
Academic Health Center 2 (AHC2) 0.00 24.82 45.23 17.26 30.45 71.92 3.77 173.57 8.33 375.35
Academic Health Center 3 (AHC3) 7.28 18.98 -15.99 2B.26 121.77 76.63 23693
Academic Health Center 4 [AHCA4) 17.43 13.75 98.08 287 38.05 144.36 21 20.73 1.92 415.29
Total 7293 203.02 96334 -22.92 464,85 4,263.67 76.10 1.682.70 156.01 7.859.7
Annual Energy Saving (kWh}
Building Name BEMS Cooling Glazing Heat Decarbanization LED PV Roof Insulation Ventilation Wall Insulation Total -
Improvements Improvements
Academic Health Center 1 (AHC1) I 44,267 5573 161,465 -10,853 80,601 292,863 14,878 170,631 17.565 776,991
Academic Health Center 2 (AHC2) | 0 106.906 165,267 46,534 98,057 188.476 10,449 467838 23115 1,106,641
Academic Health Center 3 (AHC3) 44,226 73.362 16024 ?1.017 320,700 206,541 751871
|
Academic Health Center 4 (AHC4) 53.7%0 62,998 180,090 7.585 125,925 408,269 5846 244,545 20,746 1.109.794
Total 270,316 834,200 3,208,798 566,991 1,536,501 12,618,064 265,443 4,768,544 570,475 24,639,332



Roadmap  Your decarbonization scenarios Last Refreshed : 10/07/2023 @

Building Name Intervention
Back to Roadmap
All N PVs N

Estate-wide Average NPV curve (V)
a0M

Decarbonomics
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Buildings

oo 4K 147.0 -244 0.008
Annual Operational Carbon Average Annual Operational Average Cost per Carbon Carbon Reduction (%)
Saving (tCO2e) Carbon Saving per Building Saved (5/tCO2el
(tCO2e)
40M ¢

O

Benchmark
oM

Cumulative Net Present Value (%)

$2M $69K $20M $681K

Annual Operational Cost Average Annual Operational Capital Cost (%) Average Capital Cost per
_20M Saving (8) Cost Saving per Building () Building (%)
0 5 10 15 20 25 30
Year
Cost Comparison Costs and Carbon Savings
$0.3M Building Name Capital Cost ($) Annual Operational Annual Annual Operational Chosen
& Energy Savings  Operational Cost  Carbon Savings Intervention
X = (kkWh) Savings ($) (tcoze)
$4M X £ hd
=
3 College of Engineering & Computing 54130171 1.523.470 5266.768 35375 PV
= S02M g Parkview Hall (PVH) 51276187 1.212.049 5238507 39282 PV
n o
8 >< = Gregory B. Wolfe Univ. Ctr IWLUICH $2,5346,083 1084465 $163.806 32046 PV
— c
o >< >< i Panther Residence Hall (PH) $737.862 T&ILET £137.901 26289 PV
‘a $2M ‘o
3 XX >< S0.1M g, Everglades Residence Hall (EH) £688.990 715.051 §128.767 27015 PV
XX E Lakeview Hall Marth (LVN} $519.867 572,388 597160 218.42 PV
-
T .
Carbon Data Insights XXX >< XX X X XXXXXX E LEI(E.VIEW-HE“ South (LVS) $511.440 563.110 $95.584 21488 PV
e X ' : ' < University Towers (UT) $480.364 H28.894 389777 20183 PY
S0M O S o L L O s B B e N 50.0M Roz&Cal Kovens Conference Ctr. (KCC) 1,082,055 520775 569890 168.78 PV
S53332fffcisFfFzeier ey
> S35 13EE8TIIIEIz222222222 Glenn Hubert Library (HL) $1.066390 513236 $68.878 166.34 PV
¢ . L) s« >3 8L 2 EETHREERRIFEIED NI DT DD
[ Engineering ) g8 z &f'i £ g E E £ 2 EE E % m E g E £ 3§ 3 33 3 5 89 College Of Business Complex (CBC) $803,004 410,009 £51.866 144.98 PV
’NEtZEFU SNC L S r R e 0082 s E0cEEEEEEEEE
o= e o= =Ead 2 Eaae2a e Academic Health Center 4 (AHC4) £799 597 40B 265 $51.646 14436 PV
Building Mame
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