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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 take questions at the end.
Use chat to note your questions & comments.

Use upvote feature to let us know what you’re most curious
about!

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

ROH
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Monte Paulsen

Climate Change Specialist

Monte Paulsen is RDH’s first Climate Change Specialist. He
researches how buildings need adapt so occupants can
survive extreme weather. And he is helping RDH develop a
“One Stop Shop” for large building retrofits.

Monte previously led the RDH Passive House team, which
has consulted to or certified about 100 projects, including
homes, offices, affordable mid-rise buildings, and luxury
high-rise buildings.

Monte is a founding board member of Passive House
Canada, a co-founder of Passive House Accelerator Live
(every Weds afternoon) and creator of the “Pattern
Language from Passive House” workshop.

mpaulsen@rdh.com
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We make buildings better

== through the'integration of
science, desigh and canstruction
expertise.
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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.

ROH

© 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.
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Three Things Every Architect Needs
to Know About Climate Change

Context: No one has lived on +2.5°C planet

No 1: What happens in the Arctic does
not stay in the Arctic.

No 2: Buildings emit three greenhouse
gasses. We only track one.

No 3: “Net zero by 2050” is too little, &
too late. We need new policy. 8

. - T"HIS IS 'FHE COLDEST SUMMER =
Context: We know what we need to do. = OF THEREETOEVOURILIFE

ROH

Context:
No one has ever lived on a +2.5°C planet

And why Architects & Engineers should not
plan for “average” temperatures.

ROH
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No human-like being ever lived on +2.5°C planet

Pleistocene
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Millions of years before present

2 million years ago: Walk upright. Stone tools.
300,000 years ago:
12,000 years ago: People begin farming.

Thousands of jears before present 015 CE)

Art. Language.

260 years ago: Industrial Revolution begins.

& 38 % 8 &
°F vs 1960-1990average
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Most of us on this call will live on +2.5°C planet
<= By 2025 we will cross the +1.5°C
6 “safe” threshold (2.7°F) triggering
“tipping points” such as release of

o methane from permafrost.
85
o
4 < - P —— By 2040 we will likely cross the +2.0°C
jﬂi 5-95% across medians of scenarios — &) threshold beyond which heat waves
s 4 Median within category —. and flooding will become more
£ b frequent and more extreme.
2
=3
£ By 2055, if we continue on the
Ti 2 “business as usual” emission path, we
8 / G will likely cross the +2.5°C threshold
v P Q and encounter a planet unlike the one

1 on which our species evolved.

0

2020 2030 2040 2050 2060 2070 2080 2090 2100
RDH
Source: Intergovernmental Panel on Climate Change, Assessment Report 6, Working Group IIl, page SPM-29, Spring 2022.
10
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That said, forget about “average” temperatures

We don’t design buildings for “average”
loads. We design for dead loads plus live Construction loads (peaple, materials)
loads plus a margin for safety. v ¥

We don’t size heating & cooling systems for

« » . Dead load (structure)
average” temperatures. We size for peak

winter and summer conditions. Y ¥V ¥V ¥ ¥
Likewise, we can not think about future

weather in terms of +2.5°C average global LV [cacls (Pacpie, fumwere eic)
temperature rise. . $

We need to redesign buildings for peaks: ¥ v ¥

. ) . |
intense rain, higher floods, hotter heat Cec] lowd {pnchu)

waves, and dirtier outdoor air.

ROH

11

#1: What happens in the Arctic
does not stay in the Arctic

Weak jet stream + hot oceans = dangerous weather

ROH
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Global heating
is not evenly
distributed

The planet has heated +1.1°C
since the pre-industrial era

Canada has warmed almost
twice as much

ROH

Mean temperature trend from 1980 to 2015. Source: IPCC AR6 WG2 report, page 2511.

13

Global heating
is not evenly
distributed

The planet has heated +1.1°C
since the pre-industrial era

Canada has warmed almost
twice as much

The Arctic has warmed three
times as much

ROH

ARCTIC WARMING

Air-temperature data from
2000 to 2014 show that
parts of the Arctic are
now 3 °C warmer as
compared to the ;
the 1971-2000
baseline.

Air-temperature anomaly (°C)

30
25
2.0
15
10
0.5

2021 results from Arctic Monitoring and Assessment Programme (AMAP)

14
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Stable polar
vortex

A large pressure difference
helps keep a strong jet
stream on a straighter
path, which keeps the cold
air over the Arctic

Hot Arctic =
Weak jet stream

The jet stream weakens
as the Arctic heats

Wavy polar
vortex

A weak jet stream leads
to both heat domes and
Arctic blasts

This is how a +3°C Arctic
climate can lead to +/-
30°C weather in the U.S.
& Canada.

When the jet stream
weakens, it becomes
wobblier, allowing cold
Arctic air to move
southward

ROH

Graphic by Paul Horn for Inside Climate News. Sources: NOAA & Scientific American

15

Weak jet stream
= heat domes

2021: 49.6°C (121.3°F) in Lytton, B.C. on June 29

619 people died in B.C. from June 25-jJuly 1, 2021 2
The majority were seniors. ‘ @
Nearly all died in their homes.

Similar heat waves across North America.

Map: Air temperature anomalies across North America )
RJI'I on June 29, 2021, compared to 2014-2020 baseline . 2-meter Air Temperature Anomaly (°C)
- - -

45 10 5 0 5,19 15 0%

16
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Extreme Heat and Human Mortality:

A Review of Heat-Related Deaths in B.C.
in Summer 2021

Repart to the Chief Coroner of British Columbia
Release Date: June 7, 2022

Heat dome = High indoor temps = Death and injury

“High indoor temperature was the primary cause
of injury and death during the extreme heat
event. During this time, hot air became trapped
indoors and continued to rise over time. Although
outdoor temperatures decreased overnight,
residences did not cool off, exposing people to

harmful high temperatures for extended periods of
time.

“The B.C. Centre for Disease Control (BCCDC)
identified that people were most in danger when
indoor temperatures remained above 26 degrees
throughout the heat event.” (79°F)

“Extreme Heat and Human Mortality: A Review of Heat-Related Deaths in B.C. in Summer 2021”

17

ROH

32

Indoor temperatures frequently above 26°C (79°F)

30
28

24

Temperature [=C]

May '20
Outdoor Temp
C-511-bed
—C-711-liv

Jun 20 Jul'20 Aug'20 Sept'20
C-304-liv ——— (-307-bed C-502-iv
C-511-liv —C-702-liv —C-711-bed

s overheating limit

“Indoor Environmental Quality of Social Housing Buildings in British Columbia” BC Housing Research Centre

18
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MNIC-CN3IC CONSTRUCTION

Climate Resilience Buildings:
Guideline for management of
overheating risk in residential

buildings
{ ’\ :

i A., Bartko M., Gaur A, Lacasse M.A.
Report No.: CRBCPI-Y4-10
Report Date: 1 April 2021
Revision Date: 10 January 2022
Conlract No.: A1-012020-05
Agtebment Date: November 29, 2016

“Guideline for
management of
overheating risk in
residential buildings”

Effects of heat on human health

Standard Effective Temperature
(SET): Still air at 50% RH.

New assessment method based on

modelling for peak loads (i.e., heat

waves) rather than modelling to
30-year average weather data.

(More on this topic in my next

< Building Science Live presentation
on Nov 10: “How Hot is too Hot”)
el i Somweis Canadi
ROH
“Guideline for management of overheating risk in residential buildings,” Laouadi et al, NRCan 2022
19

NRCan: Model to the hottest
weather of the past 30 years

“Reference Summer Weather Years” (RSWY)
show three types of heat events: long, intense,
severe.

Select the overheating events that have the
highest severity and intensity values.

Apply the overheating criteria to those
extreme overheating events.

Note this is not the same as modelling to a so-
called “future climate file” of just 1.5°C of 2°C
warmer. (ie, peak load vs average)

,,
e le
R

o
Vancouver

Map: Air temperature anomalies across North America eij )
RJI'I on June 29, 2021, compared to 2014-2020 baseline Y Oy 2-meter Air Temperature Anomaly °C)
L 215,200 5./ 0. 5iA1 10885 20,

9/21/2022
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Architects and owners face rising overheating risks:
$10 million awarded to overheating condo owners

San Francisco condo association won a $10

million settlement after claiming it’s Tp}f;ﬂf"no et
residents were being “cooked” in their G s |
s L Memarial Hospital
homes . SEACLIFF ~LARE
Two-thirds of 100 units affected. Golden Gate ark Hayes Valley. CA
= e L |

Building located in Hayes Valley SanfFrancisco T

. . ; “ High Life b
neighbourhood. (Settlement bars naming T P SgUIPERY sy ook

Mount Davidsdh Top of
a Detroit Hill Cites
N TERRACE

property or developer.)

PARKMERCED

B CROCKER-AMAZON

ROH
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Architectural Institute of British Columbia (AIBC):
Code “may not be not sufficient”

“Current code minimums may not be sufficient Y
for dealing with poor ambient air quality and :
high temperatures.” PRACTICE ADVISORY

OVERHEATING CONSIDERATIONS FOR EXISTING
MULTI-UNIT RESIDENTIAL BUILDINGS

“When designing buildings of all types, architects
should consider building envelope performance
in conjunction with HVAC systems that respond
to significant social and climatic issues.”

Engineers & Geoscientists of BC published a
practice advisory on “Overheating considerations
for existing multi-unit residential buildings.”
(September 2022)

ROH

Regulatory Review | Implementing Approaches for Better Indoor Air Quality (Part 1) (aibc.ca)

22

9/21/2022
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RDH: Cooling required in multifamily buildings

T EEEEE———_ ——

Install heat pumps, not
traditional air conditioning.

Specify refrigerants with low
Global Warming Potential (GWP).

Consider hydronic distribution
in lieu of refrigerant distribution.

ROH

23

RDH: Passive cooling required in every building

Power-outs most likely to
occur during heat waves.

Reduce glazing areas.
Increase operable windows.

Design operable exterior
shading devices.

All-glass buildings could turn
deadly if power-out occurs
during extreme heat.

ROH

24
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—— e = F

July 2021: The town Ic')f_ Lytton burned to the ground

Lytton; B.C., July 2021

December 2021: Record cold snap freezes Lytton

i

Lytton swung 75 degrees +49.6°C to 25 4°C in 2021

A m¢m __‘?
- havs 1357 § 2 ‘k\

26
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Weak jet stream = Both hotter and colder
Unstable

jet
stream

A
N

ROH
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RDH: Passive House grade thermal enclosures

/" MECHANICAL VENTILATION
WITH 2 75 % HEAT RECOVERY
[ELECTRICITY DEMAND = 0.45 W/(m*/h)]

Severe cold snaps will
continue.

A cold snap is the other
likely time for a power-out.

LOW U-VALUES
U£0.15 W/m? K

Well-insulated buildings
will maintain heat or cool
longer.

AIRTIGHTNESS
N, 5 0.6 ACH@50

THERMAL

BRIDGE FREE TRIPLE GLAZING

R_ 2 7.1 (hrft""F)/Btu
SHGC 0.5-0.62

ROH

Graphic: Passive House Canada

28
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Extreme temperature not the only concern

The “Preliminary Strategic Climate Risk
Assessment for British Columbia” warns:

— Extreme heat & cold : trategic

Climate Risk Assessment

for British Columbia

—> Overland flooding
— Sea level rise
— Wildfire smoke

ROH

29

What happens in the ocean doesn’t stay in the ocean

Global ocean heat content, 1940-2021

@ 0-700 meters @ 700-2000 meters

400
350
300
250
200
150

100

Zettajoules (billion trillion joules) warming since 1940-1949

1940 1950 1960 1970 1980 1990 2000 2010 2020
ROH

Ocean Warming Continues through 2021 despite La Nifia Conditions. Adv. Atmos. Sci. (2022).

30

15
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The oceans are heating at a rate equivalent to the energy released from

five nuclear bombs detonated per second.

By the end of this one-hour Building Science live presentation, the
oceans will have warmed the equivalent of 18,000 nuclear explosions.

-——

Atmospheric rivers carry that water ashore

l 1 DECEMBER

Penticton
CANADA

- WARMEST DECEMS,

ER DAY
-JOINT WARMEST DE SN Ech

CEMBER DAY oN

RD FOR BRITISH COLUMBIA
RECORD For CANADA

°C

A given volume of air at 20°C (68°F) can hold twice
the amount of water vapor than at 10°C (50°F).
RDOH

32
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2021: The atmospheric river turned fire-
damaged and clear-cut forests into mudslides

AR R

o v
2021: Vancouver cut off from Canada by road & rail

9/21/2022
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202] Fraser VaIIey flooded 3x in three weeks

RDH: Evaluate potential for overland flooding

— US & Canadian flood maps
are out of date.

-~ The “100-year-flood”
concept is not valid.

-~ Heavy rain means rivers &
creeks can flood any time.

- Will building function after
a flood? Don’t put essential
equipment in basement!

ROH

36

9/21/2022
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Calculate max
sea level rise

—~ Minimum of one
meter by 2100.

— When ice atop
Greenland and
Antarctica melt, an
extra 10 meters
(+/-) of sea level
rise possible

https://www.technologyreview.com/2019/

09/25/132873/global-sea-levels-are-

rising-even-faster-than-predicted-says-uns-
RDI-' climate-committee/

= INorth ,/7‘

Vancouver. )
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Wildfire smoke
to worsen in
coming years

ROH

38
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RDH: Filtered Energy Recovery Ventilation

Filtered ventilation
improves indoor air quality.

Energy-recovery ventilation
significantly reduces cooling
and heating loads.

Centralized systems cost
less to install and maintain.

Central systems can
provide dehumidification.

ROH

40

20



Building Science Live - M.Paulsen 9/21/2022

RDH: Every building needs a plan to adapt to
accelerating climate destruction

Active cooling required in every residential building: Heat pumps.

Passive cooling required in every residential building: Operable exterior shades.
Passive House grade thermal enclosures create resilience during power outs.
Evaluate potential for overland flooding: Flood maps are out of date.

Calculate max sea level rise: 1 meter minimum, up to 10 meters with ice melt.
Move mechanical and electrical systems from basements to upper floors.

Filtered energy recovery ventilation needed in every residential building.

ROH

41

Question for the Chat:
We’ve surveyed what 1.1°C average global
heating looks like.

What will 2.5°C look like?

ROH

42
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#2: Buildings emit three greenhouse
gasses. But we only track one.

Consider the role of methane and refrigerants.

RDH

43

Greenhouse gasses make the Earth habitable

A natural blanket of water vapor, By burning massive amounts of fossil
carbon dioxide, and methane keeps fuel since the Industrial Revolution,
the Earth about 30°C (54°F) warmer we’ve wrapped an extra blanket

than it would be otherwise. around the planet.

Without this blanket, the Earth would This extra blanket traps heat that

be an uninhabitable ball of ice. would otherwise radiate to space.

9/21/2022
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_- Other (1.4%)

CO, (3.6%) —

Water Vapour
(95%)

Greenhouse Gases
in Atmosphere

RDH

Fluorinated
Gases (2%)

Nitrous Oxide
(5%)

Carbon
Dioxide
(84%)

Anthropomorphic (Man-Made)
Greenhouse Gases

45

Carbon Dioxide (CO,)

— The combustion of fossil fuels to
heat buildings is the leading source
of greenhouse gas emissions in
urban areas.

- In Vancouver, for example,
buildings contribute 57% of GHG
emissions.

-~ When calculating “Global Warming
Potential” (GWP) of various gasses,
carbon dioxide is the baseline.

ROH

37%

gas and diesel
in vehicles

Combustion of “Natural Gas” in buildings
accounts for 57% of C02 emissions in
Vancouver. (But methane not included.)

Chart by City of Vancouver

46
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CO, flows from furnaces, boilers, DHW heaters

ROH

47

Methane (CH,)

“Natural Gas” is about 95%
methane. (87%-98%)

Methane comes from fossil
fuels (33%), livestock farming
(27%), and landfills (16%).

Methane heats atmosphere 86
times faster than CO, in first
20 years.

Methane is responsible for
30%+ of global heating.

ROH

“Chemical composition of natural gas,” Enbridge web site

48
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An estimated 2.7% of methane gas leaks

“The fugitive methane rate is at least
2.7%, double what is reported in the
National Inventory Report.”

Because methane has a Global Warming
Potential (GWP) of 86, the leaked
methane roughly doubles the climate
impact of the burned methane.

ETAF =

Fugitive Methane
New guidelines determine need to curb natural gas
emissi

“Emissions from buildings” estimates do
not include methane leakage. (ie, 57%)

ROH

“Fugitive Methane: New guidelines determine need to curb natural gas emissions in Ontario,” The Atmospheric Fund

49

Where methane leaks from the gas system

1.8% +0.3% +0.2% +0.4%
Extraction Transmission Local transmission Post-metering
o outside GTHA and distribution

Gas Gas
wells processing
plant

Gas
gathering
pipelines

Gas
transmission EE
and distribution oo
pipelines @ ] |oo
Cas Commercial users
meters
® f@(n

Residential users

TOTAL =2.7%

ROH

Graphic from “Fugitive Methane: New guidelines determine need to curb natural gas emissions in Ontario,” The Atmospheric Fund

50
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RDH: Electrify heating, DHW, cooking

Electric heat pumps to deliver cooling

and heating.

A separate heat pumps to provide DHW.

Induction cooktops. (These also

significantly improve indoor air quality.)

If we “Electrify Everything,” does that

eliminate building emissions?

ROH

51

(No.) Because buildings also leak refrigerants

Fluorinated gases have no
natural sources.

The most common refrigerant,
HFC-410a, carries 2,088 times
more Global Warming Potential
compared to CO,

Two litres of leaked HFC-410a
does as much climate damage
as driving a car for a year.

ROH

iy iy
JH//]
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T

] i

Typical passenger vehicle emits about 4.6 metric tons of carbon dioxide per year: U.S. EPA.

52

9/21/2022
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A leaky heat pump is worse than a gas boiler

ROH

Figure 1a Whole Life Carbon of different heat generation equipment for passivhaus type building

250

2004

GWP (Tonne CO2e)
g

2.4 x gas boiler

- Gas Baller Gas CHP ASHP VRF
0 = " h - T moom 0 kponc
Low Med High Low Med High Low Med High ow ted ah

Elementa Consulting Study for CIBSE Technical Symposium 2019, published in LETI Embodied Carbon Primer

Graphic & Data: “Refrigerants & Environmental Impacts: A Best Practice Guide,” Elementa Consulting (Integral Group) September 2020
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Refrigerants & Environmental Impacts
A BEST PRACTICE GUIDE

@ & &5
QEEo &
e o 66
G- T T
-1 -1 I
ghooddans

**ELEMENTA

ROH

“Refrigerants & Environmental Impacts: A Best Practice Guide,” Elementa Consulting (Integral Group) September 2020

“Refrigerant leakage is one of the biggest
contributors to climate change within the
building industry.”

“Refrigerant leakage occurs at the
manufacturing stage, continuously in
operation and at end of life when the product
is decommissioned. Refrigerant must be
topped up annually due to leakage.”

“In 2016, the Kigali accord set an agenda to
phase out these high GWP refrigerant gases,
but the reality is that such refrigerants are
still widely used.”

54

9/21/2022
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Reduce Refrigerant Need. Implement passive measures
Refrigerants & Environmental Impacts to reduce need for active cooling & heating.
A BEST PRACTICE GUIDE

% iy é %% Specify Low-GWP Refrigerants. Low means GWP below
f ‘ 10 kgCO2e, such as C02, Propane, or Ammonia. If low

GWP refrigerant not available, specify a medium-GWP
% %é %\ ' product below 750 kgCO2e, such as R-32.

ﬁﬁ ﬁ 7 ﬁ ﬁ Reduce Refrigerant Charge. Design for hydronic
ﬁ o ﬁﬁﬁ - ﬁ distribution to fan coil units. Avoid VRF systems.
voed oo o

SLELEMENTA

RDH
“Refrigerants & Environmental Impacts: A Best Practice Guide,” Elementa Consulting (Integral Group) September 2020
55
Reduce Refrigerant Need. Implement passive measures
to reduce need for active cooling & heating.
Specify Low-GWP Refrigerants. Low means GWP below
10 kgCO2e, such as C02, Propane, or Ammonia. If low
GWP refrigerant not available, specify a medium-GWP
product below 750 kgCO2e, such as R-32.
Reduce Refrigerant Charge. Design for hydronic
distribution to fan coil units. Avoid VRF systems.
Mitigate Refrigerant Leakage. Require leak-free
installation by a manufacturer registered installer of the
specific product.
Enhance Refrigerant Recovery. Require 100% recovery
and reuse of the refrigerant undertaken by a
manufacturer-trained contractor.
RDH
“Refrigerants & Environmental Impacts: A Best Practice Guide,” Elementa Consulting (Integral Group) September 2020
56
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WORLD PLAN OF ACTION MONTREAL KYOTO PROTOCOL F-GAS REGULATION
ON OZONE LAYER PROTOCOL PROTOCOL KIGALI ACCORD
1977 1989 1997 2015, 2016

HFO Natural

HCFC
& HC

ODP 1 ODP 0.05-0 ODP 0 ODP 0

GWP 4000 GWP>1500

GWP<150

{Opp)
Time
Propane C02 Ammonia
oDP 1 0.05 0 0 0 0 0 0 0 0 0
GWP 10700 1810 1774 2088 1430 677 1 1 4 1 0
RDH
Graphic & Data: “Refrigerants & Environmental Impacts: A Best Practice Guide,” Elementa Consulting (Integral Group) September 2020
57
Examples of residential heat pump water heaters
. y
Lol
o
i el
=
Mitsubishi SANCO, heat pump Rheem Proterra plug-in
CO, commercial heat water heater (240 volt). heat pump water
pump water heater. heater (120 volt).
RDH
58
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Examples of R-32 residential heat pumps

Daikin Atmosphera

ROH i

nverreR
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Midea M Thermal Mitsubishi Linea

Fan coil units: Floor, wall, ceiling.

59

Centralised
Systems

Communal
Heat Pump

Chiller L ‘

ﬁ Refrigerant charge

Best Refrigerant Options:

Ammonia \/\/
w (O, 4
Water
S Propane
E|Z miz34e
Z|E RIZ34yf
(U} pw)
g2 ra2
3|® Rs13a
Els Ri34a
2[g ra07c
(5 R410a
o

Leakage risk: @ O OO

Sealed units so precharge

ROH

Individual
Systems

Split
DX

Packaged

Individual

HeatPump ~‘¢
‘fib
rge

. . Refrigerant ch

Best Refrigerant Options:
Ammonia

Co. co, Vv

Water Water

Propane, Propane /" ASHP, WSHP, closed loop
R1234ze

R1234yf

R32

R513a
R134a
R407c
R410a

" Exhaust air heat pump

R410a

Leakagerisk: @ @ @ @

Typically high distribution length

Leakagerisk-Split @ @ @ @

Not necessary sealed

Graphic & Data: “Refrigerants & Environmental Impacts: A Best Practice Guide,” Elementa Consulting (Integral Group) September 2020
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RDH: Every building needs a plan to eliminate
greenhouse gas emissions

Eliminate “Natural Gas” (methane) and other fossil fuels as soon as feasible.
Replace gas cooktops with induction. This also improves indoor air quality.
Install heat pumps for cooling/heating, and for hot water.

Reduce cooling & heat loads through shading & insulation.

Prioritize low-GWP refrigerants such as C02 (R744), Propane (R290), or similar.
Use mid-GWP refrigerants such as R32 sparingly.

Specify hydronic distribution (water), avoid Variable Refrigerant Flow (VRF).

Mitigate refrigerant leaks & require refrigerant recovery.

ROH

61

Question for the Chat:
What’s one simple spec change that will
dramatically reduce both embodied
carbon and operational emissions?

ROH
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#3: “Net zero by 2050” is too little, too late

Government & industry not aligned with climate reality.

RDH

63

120+ nations have agreed on two key targets

2030 2050

40-45% below 2005 Net-Zero Emissions

Target: The entire global economy to Target: The entire global economy
reduce all greenhouse gas emissions either emits no greenhouse gas
by 40-45% before 2030. emission or offsets its emissions.

Just two problems: We won’t hit the 2030 target. And 2050 is too late.

RDOH

64
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We are nowhere close to hitting our 2030 target

If we had started%itigating in
2000 we could have reduced

emissions by 4% per year \

30
s
o
o
S 25
S 4
k]
E 20 Pathway to 1.5C
S given cumulative
v emissions in 2000.

15

Instead, we expanded global 2021
emissions by roughly 25%
5 during past 20 years.
0
1980 2000 2020

ROH

Now, the only path to achieving 1.5C is to
cut global GHG emissions in half by 2030

Pathway to 1.5C

given cumulative
emissions in 2021.

2030 is the turning point

(That’s 87 months from now.)

2100

Graphic: Carbon Brief

65

Oil & gas production continues to expand

Shell and ExxonMobil have a projected oil and gas production
increase of more than 35% between 2018 and 2030

— 58.2% Qatar Petroleum
37.6 Shell
ExxonMobil
22.4 Abu Dhabi NOC
8P

=
g

-50%

The cut in carbon
emissions that scientists
say is necessary to have
any chance of holding
global heating to a
relatively safe level of
15C

U.S. Dry Natural Gas Production By Resource Type

History 2015 Projections
45 - 120
40
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Shale Gas and

Tight Oil Plays

@
S
8oualajey 9L0Z0AV

Other Lower 48
Tight Gas

5 Coalbed Methane
Lower 48 Offshore + Alaska
0 T T T T 0
o o o o o
& & ® +® P 4

Source: EIA Annual Energy Outlook 2016

Production of crude oil in Canada is projected to double by 2030, according to the
Canadian Association of Petroleum Producers (CAPP).

ROH
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What does “Net Zero” mean?
Net-Zero Energy Net-Zero Emissions
Describes a building or campus Describes a nation in which GHG
at which renewables generate as mitigation systems (such as
much energy as the facility forests or seas) absorb as much
consumes in a year. greenhouse gas as the nation
Achievable for suburban houses, emits in a year.
but not for urban multifamily The concept has been co-opted
buildings that reduce automobile to include “offsets” via Carbon
dependency. Capture & Storage (CCS) that
does not currently exist.
RDH
67
Reforestation is a proven mitigation strategy

kgCO.e ha' yr' )
- 0 518
[ ]1-21

[ ]212-758
I 759 - 1749
I 1750 - 3000
[ 3001 - 7700

| No Mitigation (Boreal Zone)

Reforestation potential in kilograms C02e per hectare per year

ROH
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e Iy
Carbon Capture & Storage is an unproven strategy

The ‘Orca’ plant in Iceland is the sole operating direct air capture fécility.
The Orca draws down 4,000 Mt of C02/yr, equivalent to emissions of 790 cars.

Even if CCS actually worked: 2050 is too late

By 2050, under “business as usual”

or “modest reduction” scenarios (C8-

C7), we will be experiencing cascade

effects of numerous tipping points

5 (including methane release & sea
e level rise), mass migration will be
5-95% across medians of scenarios — c8 underway, and global climate

= change will be effectively irreversible

this century.

Median within category —

Many homes will be destroyed. Not
all will be rebuilt. The cost of
construction will continue to
= a accelerate while at the same time
e — 2 global economic output declines.
Some building owners will no longer
be able to afford retrofits, leading to
further loss of housing.

Global warming relative to 1850-1900 (°C)

2020 2030 2040 2050 2060 2070 2080 2090 2100

ROH

Source: Intergovernmental Panel on Climate Change, Assessment Report 6, Working Group IIl, page SPM-29, Spring 2022.
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What the 2040s will look like, on our current path

- Global heating surpasses 2°C. Possibly double where we are at now .

-~ Heatwaves that used to occur once per 10 years will occur 6x every 10 years.
- Droughts will happen more often and be about 2.4x as severe.

- Sea-level rise will surpass 0.5 meters, possibly more if land ice melts faster.
- Air quality will worsen, mortality from air pollution will rise.

- Parts of the Middle East will too hot for human survival, leading to migration.

Note: Many of IPCC’s previous predictions happened years ahead of schedule.

ROH

Probabilities for SSP5 (RCP 8.5) scenarios extracted from AR6 reports.
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Global demand for
construction will
skyrocket. But who
will pay?

- Floods & fires will lead to
reconstruction worldwide.

- Migration will fuel housing
demand in habitable cities.

- Existing buildings will retrofit
en mass to remain habitable.

- All this on top of global floor
area demand expected to
double by 2060.

Pakistan, August 2022.
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US: Inflation Reduction Act will spur retrofits

. . .
MILLION MILLION MILLION

Electrification Home energy Heat pump
upgrades in LMI retrofits installations
communities via the Home incentivized by
Energy the residential
Performance- efficiency
Based, tax credit
Whole-House (tax credit 25C)
Rebate (HOMES)
program

“The Inflation Reduction Act Could Transform the US Buildings Sector” David Smedick et al, RMI web site, Aug 2022

115

MILLION

Newly Square feet of
constructed, commercial
efficient homes space
incentivized by retrofitted
the new energy via the energy
efficient home efficient
tax credit (45L) commercial
buildings tax
credit (179D)

73

Washington State: No gas in new buildings

2023: New commercial and
multifamily buildings will no
longer be allowed to use natural
gas or other fossil fuels for space
heating and some water heating.

Municipalities in California, New
York, and Massachusetts pursuing
similar paths.

ROH

Washington Governor Jay Inslee

TR
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Canada: Net-zero & climate-resilient by 2050

“The goal of the Canada Green Buildings Strategy is a net-zero
emissions and climate-resilient buildings sector by 2050.”

EQ)

Rate of change
At our current pace, it
will take us well beyond
2050 to retrofit all
residential,
commercial, and public
buildings - we need to
pick up the pace!

ROH

142 years: How long it will take
to retrofit Canadian residential
buildings at the current pace.

14 per day: The pace at which
Canada will need to retrofit its 9
million residential buildings in
order to achieve the 2050 target.

Source: Natural Resource Canada via rncanengagenrcan.ca/en/collections/canada-green-buildings-strategy
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190: I legislated
180 | I proposed

Tax Rate [$/MT COx(e)]
8

Canada’s federal carbon tax: $9 GJ by 2030

Federal Carbon Tax Rate

120+
110+
90+
80+
70+
60+
50+
40+
30+
20+
of 1HNN
0~

T2019 " 2020 " 2021

ROH

T2022 T 2023 T 2024 T 2025 " 2026 ' 2027 ' 2028 ' 2029 ' 2030

Average Canadian house burns 92 GJ of methane gas per year. That’s $828/yr by 2030.

76
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British Columbia: 100% efficiency by 2030

Lol
- B
L ———
==
Gas Boiler CO02 (R744) Electric Heat Pump
c. 80% efficient COP of 4.11 = 411% efficient
RDOH
Clean BC plan
77

Montreal: Buildings to zero emissions by 2040

2023: Building owners must
declare all heating appliances
using gas or oil.

2025: All new buildings must be
zero emissions.

2040: All existing buildings must
be retrofitted to zero emissions.

Montreal Mayor Valérie Plante

ROH
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Context:

RDH

We know what we need to do

We are the only generation who can stop global warming.

79
What will happen when we stop emitting CO,

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
= 157 | | 1 ] 1 1 ] 1 1 )
=2
(7] :

8 Net-zero emissions Range of uncertainty
8 1.257
S
@
=2
3 -
G 1
© If global emissions Additional warming flattens out
E suddenly drop to a net after whichever year the world
$ 0.75 of zero, temperature reaches net-zero emissions
8 rise would stop
o
()
3
g 0.5 CO, emissions and
g— global temperature have
@ been rising in lockstep
RDH
Source: “Global Warming of 1.5°C: An IPCC Special Report” edited by V. Masson-Delmotte et al, Intergovernmental Panel on Climate Change, 2018
80
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What will happen when we stop emitting CO,

“The best available evidence shows that... warming is likely to more
or less stop once carbon dioxide (CO,) emissions reach zero.”

“Unlike CO,, methane has a short atmospheric lifetime, such that
emissions released today will mostly disappear from the atmosphere
after 12 years.”

“Temperatures are expected to remain steady rather than dropping
for a few centuries after emissions reach zero, meaning that the
climate change that has already occurred will be difficult to reverse in
the absence of large-scale net negative emissions.”

Is there any other problem we face for which the solution is this simple?

ROH

“Will global warming ‘stop’ as soon as net-zero emissions are reached?” Zeke Hausfather, Carbon Brief, April 29, 20201.

81

We need policy that follows the science

2030 2050

Massive Reductions Negative Emissions

Zero emissions new buildings. Wind down fossil fuel networks.
Aggressive national retrofit strategy. Continue aggressive mitigation.
Begin widespread reforestation. Let the “global cooling” begin.

Is there any other problem we face for which the solution is this simple?

ROH
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Each of us can make a meaningful difference

¢. Net anthropogenic GHG emissions per capita
and for total population, per region (2019)

North America

Australia, Japan and New Zealand

[
o

Eastern Europe and West-Central Asia
Middle East

Eastern Asia

]

Latin America and Caribbean
Europe

South-East Asia and Pacific

GHG emissions (tC0O;-eq per capita)
S

North Americans emit 19 tons of GHG per person.

Europeans emit half as much.

A typical house emits about 7.5 tons of CO,/yr.
Can an of us electrify our homes this year?

A typical vehicle emits about 4.6 tons CO,/yr.
Can any of us drive less, starting tomorrow?

A typical flight emits about % ton of CO,/hour.
Can any of us fly less this year?

Africa
5 Southem The production of meat is a major source of
Asia methane. Can any of us eat less meat?
0 -—_ I am not suggesting abstinence. I’'m noting that
individual North Americans can make a much
0 2000 4000 6000 8000 larger difference than most other people.
Population (millions)
ROH
“Mitigation of Climate Change” IPCC Working Group Three, April 2022.
83

Chat Question:
What will you do differently now
that you have heard this
presentation?

ROH
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Discussion
+ Questions

Learn more at

rdh.com Monte Paulsen

Climate Change Specialist

m RDH Building Science mpaulsen@rdh.com

%Y @RDHBuildings @MontePaulsen

RDH
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RDH Technical Library

3 . ' Free resources are available on

Contact US \ W 38 S our website, including building
’ : A enclosure articles, conference

2 papers, presentations, research

rdh.com/contact-us \ 2 8 i . reports, quick guides and
: N erates® ) technical bulletins.

www.rdh.com/technical-library/

Learn Building Science

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

learnbuildingscience.com
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Join Us For Our Next Event!

RDH e

Cansidering Carbon in
the Design of Building
Enclosures

Presenter: Graham Finch
Date: October 12, 2022
Time: 1-2pm ET/ 10-11am PT

Cost: Free!
VISIT LEARNBUILDINGSCIENCE.COM
BUILDING @«

SCIENCE/ JV/F

ROH
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More Continuing
Education Credit

Opp

ortunities

¥

>
==

¥

BUILDING SCIENCE LIVE

ON DEMAND

BUILDING SCIENCE LIVE
ON DEMAND
- W

Materials,

Achieving Airtigh

Really Matters
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