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Kristen Yee Loong, B.A.Sc, P.Eng., LEED® AP BD+C
David Riley, P.Eng., PMP, LEED® AP BD+C
Drew Hauser, HONS. VIS. ARTS, B.Arch., OAA, FRAIC, 
AIA, CAHP

Welcome!

We are recording.

 Some FAQs:
 You will get a follow-up email regarding how to access the 

recording and a pdf of slides.
 If you need a completion certificate for self-reporting or 

EPP and/or AIA or AIBC credits, please follow the link in the 
chat box to let us know.

 Please use chat for housekeeping questions.

 Please use Q&A box for questions for the speaker.
 We will break at the end for questions.
 Use upvote feature to let us know what you’re most curious 

about!

More questions? Please contact us at 
events@learnbuildingscience.com.
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David Riley

ASSOCIATE

David excels on projects that present a unique challenge, 
and where data can be employed to shape meaningful 
design solutions. It comes from his commitment to being a 
team player, both as a part of and leading teams through 
the complexities of the design process. His ability deliver 
thoughtful solutions is bolstered by his project 
management training and background. David is currently 
involved in the engineering and design of major mechanical 
building systems which include HVAC, plumbing and fire 
protection systems. Whether post secondary, corporate or 
residential work, all of David’s projects reflect the priority 
he places on integrated solutions.
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Drew Hauser

DIRECTOR OF DESIGN & BUSINESS DEVELOPMENT

Drew is passionate about shaping environments that put 
clients’ objectives at the forefront. He has been 
instrumental in creating one-of-a-kind designs, with a 
specific focus on integrating design concepts within the 
context of historically sensitive facilities. With more than 
20 years of experience, and a Canadian Association of 
Heritage Professional Designation, he consistently 
demonstrates his ability to develop complex programmes. 
He has a thorough understanding of both modern and 
historic techniques and his clients trust his ability to 
present thoughtful solutions, which will help maintain 
assets for many years to come.

Kristen Yee Loong

ASSOCIATE, ENERGY AND SUSTAINABILITY SPECIALIST

Kristen brings an invaluable depth of knowledge to the 
team with her experience on large multi-disciplinary 
projects. Her expertise includes consulting on energy-
efficient system design strategies for net zero energy, net 
zero carbon, and other high-performance buildings. She 
supports the development of sustainability goals, 
simulating the whole-building energy use throughout the 
design process as well as developing building monitoring 
strategies to support post-construction performance 
verification. Her work with whole-building energy analysis 
includes assessments of existing buildings to identify areas 
where energy consumption and carbon emissions can be 
reduced to achieve deep energy retrofits, which includes 
capital and life cycle cost analyses to develop zero over 
time solutions.
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Partnered
Projects

O ur Vision + Core Values
We make buildings better 
through the integration of 
science, design and construction 
expertise.
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240+ staff

9 offices

Projects across North 
America

Focus on building 
science

& building enclosures

© RDH Building Science, Inc. 2021

All rights reserved. No part of this presentation may be 
reproduced or transmitted in any form by any means, 
electronic, mechanical, photocopy, recording, or other 
without prior written permission. 

For permissions to use this content, email 
onlinelearning@rdh.com.

Disclaimer

This material is intended to be used for reference, continuing education, and 
training purposes only. Neither RDH Building Science, Inc., nor the persons 
presenting the material, make any representation or warranty of any kind, 
express or implied, with regard to whether the material is appropriate for, or 
applies to, any specific project circumstance or condition.

Applicable and current laws, codes, regulations, standards and policies, as 
well as project and site-specific conditions, procedures and circumstances 
when applying the information, details, techniques, practices and procedures 
described in this material. 

Education for Professionals
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Agenda

 History and Architecture

Mechanical Design Journey

 Energy and Financial Modelling

Designing for Future Zero Carbon

 Sustainability Is The Smart Financial Choice

Poll Question:
Where do you primarily 

practice or operate?
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Original building in August 1917
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Approach to Mechanical Concept Design

Building Constraints System sProject Objectives

Process of Elimination

 Identify project constraints

 Understand the "End Goal" & Vision of the 
finished product

Develop a list of options that possess 
qualitative attributes that "work" with the 
building
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Chat Question:
What size of pipe would you 
need to match the thermal 

energy provided by an 
18"x18" air duct?

Restoration, leadership, com m unity
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Energy Consumption, Cost and GHG emissions

Selected

Recom m ended

Capital Cost Estimates

Selected

Recom m ended
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Chat Question:
Tell us about a zero-carbon 

building you have 
worked on.

Energy and Financial Analysis
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Energy Analysis – Hourly Modelling Primer
Architecture:

Loads:

Schedules:

Calculation/Output:
- 8760 hours
- Load on each zone
- Energy end use breakdown
- Energy cost

HVAC:

Energy Analysis – Consumption

32

33



Building Science Live ‐ Yee Loong, Hauser, 
Riley

2022‐04‐18

17

Energy Analysis – Consumption

Energy Analysis – Consumption

Natural gas 
heating

Fully 
Electrified

Mix of gas 
and electric 
heating
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Energy Analysis – Consumption

Natural gas 
heating

Fully 
Electrified

Mix of gas 
and electric 
heating

Better 
enclosure; 
heating 
efficiency

Heating 
efficiency

Energy Analysis (Metric)
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Energy Analysis (Imperial)

Energy Analysis – Energy Cost
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Life Cycle Cost Analysis (LCCA)

Capital

Maintenance, Operating Cost

Replacement? Replacement?

Life Cycle Cost Analysis (LCCA)

Terms of Engagement:

Study Period 20 Years

Capital Cost Class D

Down Payment 33%

Discount Rate 10%

Interest Rate 3.5%, (10 Year Term)

Inflation Rate and Fuel Inflation Rate 2.5%

Carbon Pricing *
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Net Present Value

Net Present Value - Delta

42

43



Building Science Live ‐ Yee Loong, Hauser, 
Riley

2022‐04‐18

22

Consumption, Cost, Carbon

Balancing Act

Source: 2020 Canada’s Energy Future - https://www.cer-rec.gc.ca/en/data-analysis/canada-energy-future/index.html

Assume:
• 90% efficient gas 

boiler

Swap out with a

• 300% efficient 
electric heat pump

Elec/Gas Ratio = 3.3
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Price on Pollution: Carbon Price
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Carbon Price Model (Canada)
We know this:
$170/tonne 

by 2030

Balancing Act

Source: 2020 Canada’s Energy Future - https://www.cer-rec.gc.ca/en/data-analysis/canada-energy-future/index.html

Assume:
• 90% efficient gas 

boiler
• 300% efficient 

electric heat pump

Elec/Gas Ratio = 3.3
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Price on Pollution – 2017?

Carbon Price Scenarios (2017 Mindset)

$0/tonne (2017 Actual)

$15/tonne (Something Modest)

$50/tonne (Applying Pressure)

$100/tonne (No Way Will It Ever….)

Carbon Price Scenarios (2017 Mindset)

48

49



Building Science Live ‐ Yee Loong, Hauser, 
Riley

2022‐04‐18

25

Carbon Price Scenarios

The Difference
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LCCA - Takeaways

Straightforward analysis – all retrofits happened at the beginning (mostly)

Apply this energy and financial modelling methodology to phased retrofit planning 
(Retrofit Roadmap, Zero Over Time)
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Cumulative Delta Cash Flow (Compared to BAU)
D1 A1 C1

IGU Replacement
Parkade Insulation
Ventilation Heat Rec

Full Enclosure Upgrade 
(excl. main roof)
Parkade Insulation
Ventilation Heat Rec

AWHP
Solar PV

Main Roof Upgrade
Solar PV

Full Enclosure 
Upgrade
Solar PV

AWHP

Boiler & Chiller 
Replacement

Enclosure 
Replacement

IGU 
Replacement

IGU 
Replacement

BAU:

IGU Replacement
Terrace Roof Replacement

IGU Replacement
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LCCA - Takeaways

We don’t have a crystal ball – but we did our best

Physical Future Planning hand in hand with Financial Planning

Chat Question:
Share how you have 
convinced a client 

to go net-zero.
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Deep energy reduction

Compatible Equipment 
selection

Thoughtful consideration to 
system layout to allow for an 
easy transition

Be "NET-ZERO READY"

Designing for Future Net-Zero Carbon
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Over the next 35 years,

of buildings will be constructed or

renovated in cities worldwide.

2.5 trillion ft2
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the case for intelligently
designed sustainable buildings

Canada’s Commitment:

2030 – 30%* reduction in GHG emissions 
below 2005 levels

 If Canada is to have any chance of meeting 
our commitments, the retrofit of existing 
buildings toward carbon neutral is 
imperative. 

We have 8 years to get our emissions under 
control.

Society

Health

Durability

Clim ate

O ccupants

Com fort

Health

O perations

Durability

Operating 
Energy

O wners

Capital

Legislation

Retrofit Motives

different stakeholders = different m otives
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Jurisdiction Goal Timing

New York City 
Local Law 97

Cut carbon emissions by over 80 percent. 
Buildings that do not comply will face fines set 
at $268 per ton of emissions

By 2050

City of Boston
Building Emissions Reduction 
and Disclosure Ordinance
(BERDO)

Energy and emissions reporting for all 
buildings over 20,000sf

By 2022

50% carbon emissions reduction By 2030

Net Zero carbon emissions By 2050

Washington State
Clean Buildings Act

Reduce GHG emissions from the building 
sector (large commercial)

2020, with phased 
implementation

City of Vancouver
Climate Emergency Response 
Plan

All new and replacement heating and hot water 
systems will be zero emissions

By 2025

Toronto 2030 District and 
Transform TO

Net Zero GHG emissions By 2050

Pan-Canadian Framework on 
Clean Growth and Climate 
Change

Develop an energy code for existing building –
may require the start of retrofits, labelling, 
financing

Existing Building 
Energy Code by 2022

Carbon Reduction Leaders

71.5%71.5% 29%29% 70%70% 56%56%
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Embodied Carbon Avoided

+/-273,450 Standard Ontario Bricks/ 
Concrete Floors/Shafts/Steel 
Beam s/Streel Trusses

Em bodied Carbon Avoided* 
488,900 kgCO 2e 

carbon equivalent

5,091
Tree seedlings grown for 10 years
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Canadian Context: Retrofit Opportunity By Age

rdh.com
Learn more at

@RDHBuildings

RDH Building Science

Discussion 
+ Questions
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More Continuing 
Education Credit 

Opportunities
Join Us For Our Next Event!

Contact Us

rdh.com/contact-us 

Learn Building Science has 
learning opportunities including 
continuing education credit 
opportunities. Check out the 
website for live events, guides, 
courses, and more!

learnbuildingscience.com 

RDH Technical Library

Free resources are available on 
our website, including building 
enclosure articles, conference 
papers, presentations, research 
reports, quick guides and 
technical bulletins.

www.rdh.com/technical-library/
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