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How to Retrofit Buildings
in a Climate Emergency

There is no new normal.

Things will get much worse.
Every building needs a plan.
Stepwise EnerPHit is a template.

Keep Hope Alive. .
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There is no new nhormal.

At only 1.2°C of warming, cascade effects are accelerating.

RDH



There is no new normal.

— The Earth has warmed 1.2°C
— Land has warmed 1.8°C

—~ Northwest Canada warming
faster than North America

E— e (0C)
1.5 10 -05 00 05 10 15 20 25 30 35 40 45

RDOH

Source: Environment Canada
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At 0.6°C: Pine Beetles began surviving winter
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Mountain Pine Beetle, image via NRCan.
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By 1.0°C: Big wildfires part of every summer
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At 1.2°C: Atmospheric rivers carried 2x water

- —

1 DECEMBER

- WARMEST DECEMBER DAY ON RECORD FOR BRITISH COLUMBIA
- JOINT WARMEST DECEMBER DAY ON RECORD FOR CANADA

A given volume of air at 20°C (68°F) can hold twice
the amount of water vapor than at 10°C (50°F).
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At 1.2°C: More than 640,000 farm animals died
el | el
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~ What one “believes” doesn’t matter.



There is no new normal. Not in our lifetimes.

Cascade effects are the hallmark of runaway climate change.

What are the cascade effects that will hit your region?
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And remember: B.C. among safest places on Earth

Source: “Future of the human climate niche,” by Chi Xu, Timothy Kohler, et al. Proceedings of the National Academy of Sciences, May 4, 2020.
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Things will get much worse.

That’s what 1.2°C looks like in British Columbia.
We are racing toward 2.6°C of global heating.

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

from five nuclear bombs detonated every second.

By the end of this one-hour event, the oceans will have warmed
the equivalent of 18,000 nuclear bombs.




Canadians have
emitted more
cumulative C02
per capita than
any other people.

Americans have
been the second
largest per-capita
emitters.
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Cumulative carbon emissions per capita
from 1850-2021 (tCO2), selected countries
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Two global GHG emissions targets

2030 05

4>45% below 2005 Net-Zerb6 EVerything

The entire global economy must The egflire global economy eitffsg emits
reduce GHG emissions by 40-45% ngreenhouse gas emission or oTfsets
s emissions. 120+ nations.

%
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1.5°C ‘safe’ threshold to be exceeded before 2030

Now, the only path to achieving 1.5C is to

If we had startecf%itigating in
cut global GHG emissions in half by 2030

2000 we could have reduced

emissions by 4% per year \

Pathway to 1.5C
given cumulative
emissions in 2021.

30
S
< 25
E 20 Pathway to 1.5C - - - =
o given cumulative 2 O 3 O
S emissions in 2000, I S a tl I n OI n t

15 (That’s 96 months from now.)

Instead, we expanded global 2021
emissions by roughly 25%
5 during past 20 years. Global economy to “net zero” by 20507
9 Y ~ —
1980 2000 2020 2040 595 2060 2080 2100
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Source: Carbon Brief
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The ‘Orca’ plant in Iceland is the sole operating direct air capture facility.
The Orca draws down 4,000 Mt of C02/yr, equivalent to emissions of 790 cars.



Experts now predict 2.6°C heating this century

6

2030 commitments Net-zero promises +

2030 commitments

IPCC scenarios

Current policies

Degrees C
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Source: Carbon Brief



Looking back 2,000 years...

Observed changes in climate over the last 2020 years

Variations in atmospheric carbon dioxide levels and global average temperature 414 ppm
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Climate change is a new geologic epoch
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Ape-like ancestors: Early stone tools.

Thousands of Jears before present (2015 CE)

Modern DNA: Language, farming art & music.

Common Era: Civilization as we know it.

°F vs 1960-1990average



No human has ever lived on a 2.6'C hotter planet
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Where will we live? How will we survive?
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°F vs 1960-1990average



Every building needs a plan.

Adaptation: Buildings must shelter people on a +2.6°C planet.
Mitigation: Buildings must emit noting to preserve a +2.6°C planet.

RDH



Did we know this was going to happen?
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“These are
extraordinary
events... Not
measured
before, not
contemplated
before...”

B.C. Premier John Horgan

Preliminary Strategic

Climate Risk Assessment
for British Columbia




B.C.’s cascade effects were predicted in detail

This is precisely what climate
scientists told us would happen.

Preliminary Strategic
Climate Risk Assessment

For example’ the “Pl‘ehmlnal‘y Stl‘ateglc Cllmate RlSk l'm'Bl'itish(,\A)lumhi'.: . ,:::,
Assessment for British Columbia” warned in 2019: ‘

— Wildfires & smoke — Sea level rise
— Extreme storms — Overheating
— Overland flooding

What are the cascade effects predicted for your region?
RDH



Architects and Engineers are legally responsible

“Professionals can only be accountable for
establishing that their work addresses concerns that il
could reasonably be identified given the state of Preliminary Strategic

Climate Risk Assessment

knowledge at the time they executed the work. for British Columbia

“In engineering practice we define reasonable in
terms of the standard of care... Climate change
imposes a new and evolving pressure on the
standard of care.”

~ Engineers Canada
National Guideline on Climate Change Adaptation

RDOH



“Registrants... are expected to consider the
impact of their work on the climate”

CLIMATE CHANGE ACTION PLAN

Earth’s climate is changing at an unprecedented
rate. Multiple lines of evidence show that emissions
of greenhouse gases from human activities — in
particular, carbon dioxide and methane — are the
primary driver of this trend.? Climate change is not
a future problem; action is needed now, and every
passing day matters.

Professional engineers and professional geoscientists
(Engineers and Geoscientists BC registrants) can play
a key role in addressing the challenges and risks of
climate change. In addition, many organizations and
clients are setting climate change related objectives
that may intersect with a registrant’s practice and
need to be considered. The responsibilities for

« registrants are expected to keep themselves
informed about the changing climate and consider
potential impacts on their professional activities;
and,

« registrants have the potential to influence
greenhouse gas emissions through their
professional activities and are expected to
consider the impact of their work on the climate. i

This Climate Change Action Plan (the “Plan') sets
out a strategy for Engineers and Geoscientists BC

to support registrants in fulfilling their professional
responsibilities and meeting the requirements of
clients and project owners to consider climate change.
The Plan provides direction and commitment to key

RDOH

https://www.egbc.ca/getmedia/a39ff60e-80a1-4750-b6a5-9ddc1d75248a/APEGBC-Climate-Change-Position-Paper.pdf.aspx




Adaptation:
Six hundred people
died inside buildings.

.“:s ay after settin e recor
Heat Dome of 2020 i fo the highert tompersitee

for the‘highest temperatures
ever recorded in Canada, "

Record high of 49.6°C on June 29 in Lytton -y pdfiecioed el

evacuate the village of S8

Record low of 29°C on June 28 in Burnaby

Vancouver
'S

Deaths attributed to the Heat Dome in B.C.
595 people died from heat-related causes

Majority were seniors
99% died in at home

Map: Air temperature anomalies across North America f{
RJI-I on June 29, 2021, compared to 2014-2020 baseline S




There are at least six factors that affect overheating

RDOH

OUTSIDE the BUILDING

SOLAR GAIN

Shading, SHGC, glazing area.

TEMPERATURE

v

INSIDE the BUILDING

OCCUPANT DENSITY

Model for 2050 & 2080, not 1985.

v

URBAN HEAT ISLAND

Most multiunit on infill sites.
Effects greater than climate change.

A 4

Small units produce higher
IHG/m2 than large units.

-— DHW HEAT LOSS

Don’t put DHW in same room
as HRV. Shorten DHW runs.

y

LIFESTYLE VARIATION
How residents live and play affects
IHGs significantly.



Adaptation:
Wildfire smoke.




Adaptation:
Sea level rise.

— Storm surges by 2050
— One meter rise by 2100

https://www.technologyreview.com/2019/
09/25/132873/global-sea-levels-are-
[ rising-even-faster-than-predicted-says-uns-
RJI-I climate-committee/
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Adaptation:
Sea level rise.

The seas along the
U.S. East Coast are
rising three to four
times faster than
the global average,
according to the US
Geological Survey.

Boston, New York
City, Miami, Tampa
and New Orleans
are particularly
vulnerable.

RDH

https://www.sciencenews.org/article/boston-adapting-rising-sea-level-coastal-flooding



Mitigation:

“By 2030, all new buildings ~e CleanBC
will be zero carbon, and all T -y
new space and water
heating equipment will
meet the highest standards
for efficiency.”

~ Clean BC (p.16)

Roadmap to 2030

RDOH



No new furnaces or boilers after 2030 in B.C.

RDOH

Bojiers & furn{ces
Qfd: 60-80% efficit
New: 90% efficient

—

Electric resistance
100% efficient

Heat Pumps
Gas: 120% efficient

Electric: 250%+ efficient
Cooling + heating



Large buildings: C02 heat pumps to replace boilers

= -

=
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=
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=

=
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B T —

=
Gas Boiler C02 (R744) Electric Heat Pump
c. 80% efficient COP of 4.11 = 411% efficient
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Canada’s federal carbon tax: $9 GJ by 2030

Federal Carbon Tax Rate
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Average Canadian house uses 92 GJ of fossil gas per year. That’s $828/yr by 2030.
RO



B.C. is also about to launch new grants

Last program: Many furnace installations were of poor quality.
Last program: Windows were double-pane, often poorly installed.

How will building owners avoid “locking in” low performance?

RDOH



Imagine being a building owner in 2022

Continuous
cascading
New retrofit demands: disasters. Massive demand for
smoke, heat, IAQ. new housing

N

Building owners & operators.

/ | N\

Continually changing |
building technology.

Continually changing
code requirements.

Bans on gas Canadian carbon tax
connections or Continually rises to $170/t by 2030
appliances escalating

RJH Costs.



Every building needs a climate retrofit plan

Strategies for adaptation and mitigation may include:

RDOH

Consider flooding scenarios: Lift building? Sell property?
Model overheating for current and future climate. Options?
Measure indoor air quality. Retrofit ventilation & filtration.
Mitigation: How to get to zero emissions by 2030?
Consider impacts of future code requirements.

Consider impacts of Canadian carbon tax rising to $170 a tonne.

How much capital is available, and when?



The Lord Harley apartments in Victoria, BC
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ADJUSTED PRE-RETROFIT MODEL:
END-USE BREAKDOWN (kWh/m?)

DHW,

71
Exterior
Lighting, |
Plug Loads,
26
Interior
Lighting, 13
Heating, Fans,
101 !

Meating
Savings, 58 Heating,

ACTUAL POST-RETROFIT MODEL:
END-USE BREAKDOWN (kWh/m?)

DHW, A DHW Savings,
60 g I
Extenor
Lighting, 1
o
Plug Loads,
26
\ Interior
Lighting, 13
\
Fans,

~

|
43

Figure 0.1 End-use breakdown of the adjusted pre-retrofit and actual post-retrofit model; savings are
shown in outline. The analysis indicates that heating energy Is reduced by 57% and DHW energy is

reduced by 15% following the retrofit.



Minto Properties in Ontario
Two MURBs as their first retrofit studies

Ottawa Toronto

26 stories 13 stories

e 242 units o 227 units

« 171,000 sq ft « 203,400 sq ft

« 1970s « 1970s

« No major « NO major previous renos

previous renos

|

RDOH



Stepwise EnerPHit

A tool to help building owners plan for adaptation & mitigation.

RDH



Some 5,000 buildings
have been upgraded
using the EnerPHit
approach
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Fotocredit: Passive House Institute Innsbruck

Picture; Balcony situation of the existing building. Source: Passive House Institute Innsbruck
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SINFONIA projects

y 3 | 4 anchor per balcony only one row of new pillars
Fotocredit: Passive House Institute Innsbruck Fotocredit: Passive House Institute Innsbruck = jr

Picture left: New free-standing balcony construction only with few punctiform connections to the thermal envelope. Source: Passive House Institute Innsbruck
Picture right: Renovated building with new thermal bridge free balconies. Source: Passive House Institute Innsbruck




Stepwise Enerphit provides a template

RDOH
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DesignPH: A 3-D energy modelling input tool

RDOH



Two paths to EnerPHit: Component method

Table 2 EnerPHit criteria for the building component method

Opaque envelope” against... Windows (including exterior doors) Vontitadion
...ground ...ambient air Overall* Glazing® | Solar load®
Insu- Exterior | Interior in{Exterior Max. Min
. . . ® 2 e 3 . » 3
Climate L_lation |insulation| sulation® | paint Max. heat Sk Hedigakh specific | heat M}"; hu
zone transfer coefficient solar load | . |midity re]
according Max. heat transfer coefficient Cool coefficient (o-vakie) during very cove;y
to PHPP (U-value) colours | (Uow, nstaiied) ‘:g::‘:g rate’ | @€
[W/(m*K)] : i) 5 [kWh/m?a] %
C |1
= Deter- ¥ : s H
:: ‘ m:::pm 0 0 0.8 00 1.10 5
project
specific
Warm heaﬁng 0.50 0.75 - 1.25 1.30 140 - 100 - -
and
cooling
degree
days
against 5
C 0 gmum' U O d

RDOH



Two paths to EnerPHit: Energy demand method

Table 3 EnerPHit criteria for the energy demand method (

Heating Cooling

Climate
zone : Max. cooling +
Max. heati
according - ME3M9 | dehumidification
demand
to PHPP demand

kWhi/(m?*a) kWh/(m*a)

T
_Arctic 35 BOTH METHODS ALSO REQUIRE

Cool- . L
¢ o at 29 Airtightness equal to or less than
. equal to Passive 10 ACH @ 50 P
W e House . a

requirement

PER demand of 60 kWh/m2a

RDOH



Heating demand [kwh/(m?a)]

Stepwise Enerphit

o r = =
A-bsmeal walls SoHestpu v | solar
Dntraree duor Lherrm

2-mindowes o heat
ey vl

1-Exising 3-Basamer: celling 1

1ol = 2

Active

Vormen § (J015) © Paim <wnn et

Passive House Planning Package

Select the active
variant here

RDOH

S5355>>

1-Existing

Windows +
heat recovery
vent.

Basement
ceiling + roof
+ PV i

External walls
+ Entrance
door

Heatpump +
solar thermal

Units

N

L

Heating demand

Heating load.

Cooling & dehum. demand

Cooling load

Frequency of overheating (> 25 °C)

PER demand

EnerPHit Plus?

kWh/(m®a)

246,7

20,6

S

100,0

KWh/(na)

Wim?

IWh(m)

2,3

18,2

770,4

yes /no

no

.. -~
B
58 |

no




Source fla: 'EuroPHil_SBS Windows_2 EnerPHit PHPP dsm’ (PHPP varsion: &3

Overview of measures

EnerPHit Reirolit Plan: End-ol-terrace Passive House, Example City, DE-Germany

Retrofit step No. 1-Existing i“::‘dm ¢ heatrecovery |, oy eement celling + roof + FY :;i“:”“" e el R T AP ———
Year until 2016 NT? 02 ca 2027 ca 2037
]

Measures E
QLEASon ["anyway measure”) a Window replacement none |Ertar1urwal— new render Biler - replacemsnt =
Energy-saving measure Passive House windows Basement ceiling: Insulation IE:tnriur wall - insulation Heat pump E
Oocasion ("anyway maasure”) b |Extract air systam Ruoaf - new covering [Ext. door - replacemant Hot ﬂ;ﬁr.snl:waw tank -E E

) Heat recovery ventilation Roof - insulation + PV system |Passive House doar Solar thermal system + g E
Energy-saving maasura it s stnrnae bank G| =
Component characleristics
Wall to ambiant air, ext. insulation [U-valua) |G| 1,87 1,87 1.87 0,15 0,15
Roal (U-value) [ k)| 0,14 AL
Building envelope to ambient (L value) [ )] 0,15 0,15 0,15
Basemant cailing / floor slab (U-valus) 0,26 026
Building envelops o ground (Uvalug) [W (k)] 0,26 0,25 0.29
Windows / doors (Usase) i [W k)] 0,82 0,82 085
Gilazing (g-valueg) 1 0,52 0,52 0.39
Glezing/sun profection (max. solar load) [kWhiim*a}] “ 85 23 -
Ventilation (affectwa haal recovary efliciency) 1] 7 i T7 T 5
Airchangs at press. tast nag [1./11] 1,0 1,0 1,0 1.0 1.0
Building characteristics
Healing demand [Wh!{m®a}] 280 247 163 21 21
Heating koad [Wim#] 129 100 a0 16 |6
Cooling + dehumidification demand [EWhiTmEal)] i 2 1 [i] ]
Cooling load [K'Whi{m#a}] 32 18 13 ]
Mon-ranewable primary anergy (PE demand) [EWh!irmal] &
Renewable primary enaergy (PER damand) [KWhimEal] a7 =1 ] 37
Renewable primary energy generation P
{raference io projected building fooiprint) [kWhiim?al] L= €0 | 33
Criteria fulfilled for EnerPHit Plus? yes
Annual energy-related costs
Enargy-redated imeast {interast+ rapayment} [Erymar] 0 30 502 976 12684
Expected energy cosis I
ciokal ol all ERCTRY LS I thiz builchrag | [E‘Yﬂa ] 59[":' EEED “-‘14'3 1 B1I::I 1':'5']
Total costs [Eryear] 5300 5670 45942 2786 2344




Source file: 'EurnF‘HI1_SBS_WIr1d|:-wE_E_EnErP‘Hl[_F‘HPF’.:tIErn' (PHPP version: 9.3)

Investment and maintenance costs

EnerF‘Hit Retrofit Plan: En-:l-c:-f-terra_c& Pazsive House, E}:_ample City, DE-Germgn'.'

2-Windows + heat 3-Basement ceiling + roof 4-External walls + S-Heatpump + solar
Retrofit step No. 1-Existing recovery vent. + PV Entrance doar thermal
Year uritil 2016 2017 2022 ca 2027 ca 2037
Exterior wall - new
a |[Oceasion (“anyway measure”) Window replacement  |none render Boiler - replacement
Investment costs 11.180 € 0€ 6.440 € 12.000 €
Maintenance cosls 0€ 0€ 0€ 320 €
Passive House Basement ceiling: Exterior wall -
Energy-saving measure windows Insulation insulation Heat pump
Investment cosls 16,770 € 2160 € 23.920 € 16.000 €
Financial support {present value) 2.000 € 400 € 3.000 € 2.000 €
Maintenance cosls D€ 0€ 0€ 100 €
Service lile [years] 40 50 50 20
Annuity (energy related only) 0€ 131 € 56 € 459 € -98 € 0€
Hot water storage tank
b |Qccasion ("anyway measure”) Extract air sysiem Roof - new covering Exi. door - replacement [replacement
Investment costs 4.680 € 5810 € 1.000 € 1.000 €
Maintenance costs 50 € 0€ 0€ 0€
Heat recovery Hoof - insulation + PV Solar thermal system +
Energy-saving measure ventilation system Passive House door stratified storage tank
Investment costs 8.580 € 11.620 € 1.600 € 7.500 €
Financial support {present value) 1.000 € 1.500 € 200 € 1.000 €
Maintenance costs 100 € 0E o€ TOE€
Service life [years) 30 50 40 20
Annuity (energy related only) 0€ 179 € 137 € 15 € 406 € 0€
Total Invest. costs (annual interest+repayment) [€/a)
Total {incl. previous steps) 0€ 976 € 1.352 € 2.066 € 3487 € 3.487 €
Energy related (incl. previous sleps) 0€ 310 € 502 € 876 € 1.284 € 1.284 €
dary conditions Imterest rate and inflation: Mominal interest rate 3,0% Inflation 1.0% Real interest rate 2.0%

average enargy price (during service ke}: Elactricsty 0,25 € Matural gas /Oil 0,08 € Wood 0,07 €
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Schedu |BI‘ Source file; 'EuroPHil_SBS_Windows_2 EnerPHit_PHPP.xlsm' (PFHPP version: 8.3)
EnerPHit Retrofit Plan: End-of-terrace Passive House, Example Gity, DE-Gearmany
Ty T
Retrofit steps: 1|2 3 4 [5
Last o |
renewa |28 (20|28 |3 (2|8 (2|2 el (gl s le] 85| 2|
Assemblies I E:‘-‘E."-‘:‘-‘S’-‘EEﬁﬁﬂﬁiﬁﬁﬁgﬁnﬁﬁgﬁﬁﬁ
Render facade 1966 5es §
Facade decoration 1966 o A
Balconies/Loggias 1966
Exterior door 1987 K
Pitched roof covering 1966
Flat roof e
Roof weatherings 1987 .8
Windows 1966
Elinds / sun screens 1966
Basement ceiling 2022 el X
Eoiler 2015 o
Ventilation 2017 X
Solar thermal system 2035 O }(-
R EEE =
Airtightn. test: X, Leakage search: (X) Z:Z:l{};} () X o
Initial condition |:|Mair"|- DExtensiue
tenance Repairs
Hetrm‘it DSmaIIar .Immediate
dates Repairs replacement
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31.6.2016

Dear building owner,

in the next few years you intend {o modernise your bullding and to IMprove stopwise its jeve! of thermal protection. This

“EnerPHit Retrofit Plan® wilf help you lo make the right decisions at each step,

EnerPHit Standard

In the case of refurbishments of oxisting buiidings, it is not always possible 1o fully achieve the Passive House

Standard with reasonable effor. The reasons for 1his lie £.9. in the unavoidable thermal bridges dus to existing
asement walls. For such buildings, the Passive House Institute has developed the EnerPHit Standarg. With the use of

Passive House components, EnerPHi retrofitiod buildings offer almost a)y the advantages of a Passive House building

th optimum cost-effectiveness af tha same time:

+ Comfortablo Iving with uniformly warm walls, floors and windows

* Draughts, condensation and mouig growth are no lenger a proplam

* Permanent supply of fresh air with apleasant temperatyra

* Independence from anergy price fluctuations

* Financial profits from the very first year on due 1o up 10 90 % reduced heating costs

* Climate protection due to decreaseg CO2 emissions of the same scale

it Retrofit Plan
Most buiidings are modernised in a step-by-step way when the respective buitding companent needs 1o be renewed.

* An excellent final oulcome can only be achieved if each individual step is Implemented with the appropriate quality
(EnerPHil-Standard],

* The energy demand is stated for each step,.
* The approximate time points for upcoming refurbishment measures are stated in (he geneval plan. This serves asa
valuable aid for Personal finance pfanning,

Pre-certification

refurbi Nt concept in the context of talks with the bank 2.9. because the achievable cost saving is avaiable in 3
‘nliably calculated way, Apart from that. You can demonstrate to the outside world that You are committed 1o climate
Protection,
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Key features of Stepwise EnerPHit

PHPP model prepared in consult with building owner. The building’s “final” outcome is determined.
Avoids “lock in” of low performance

Other Passive House features addressed: DHW, cooling, efficient appliances, comfort.

Cost estimates and savings are built into the process

Retrofits broken into three or more “steps” in consult with homeowner/contractors.

Steps based on: Future code, adaptation requirements, mitigation requirements, govt programs, funding options

Detailed plan prepared by a CPHC or CPHD
PHI-accredited Building Certifier approves the Stepwise Plan

In-progress plaque issued once 25% of efficiency is achieved. Final plague at 100%.
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Princess, North Van: EnerPHit 2017 (ID 5158)
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2958 Princ

Princess, North Van

1.1 BUILDING DESCRIPTION:
Location: 2958 Princess Ave, North Vancouver,

Building Type: Single Family Residential - Retrofit PrPHIt v

Certification Type:  EnerPHit hdired
Year of Construction: 2017 ouse Institute
Gross Floor Area: 326 m2
Princess Avenue EnerPHit house is a two storey single f d garage
outside the principal envelope. This home is the first P ified by
the German Passive House Institute. The living and din ees near
the south facing wall pose a problem with maximizing g east.
HRV exhaust ducts had been placed along these windg e
window install having psi value of 0.013 W/(mK), it h electric
baseboard heaters. Owner had no issue with comfort ortable
heaters. The character of the building strikes a touc stone and
hariznantal cidinoc fite wall with the neichhnrino hniig 1ioch thic ic

RDOH



Ken Soble Tower, Hamilton, Ontario

ENCLOSURE
Balcony removal
R-38 exterior
insulation
PHI-certified
windows

SYSTEMS

Central ventilation
Riser replacement
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The Ken Soble Tower is the oldest high-
rise apartment building in Hamilton,
Ontario. Built in 1967, it has been in
decline for several years.

The 18-story apartment tower is how on
track to be one of the largest EnerPHit
certified projects in North America.

The project will modernize 146 units of
affordable seniors’ housing with
increased comfort and a greater ability
to withstand a changing climate.



Ken Soble Tower, Hamilton, Ontario
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Built in 1967 Balconies sawed off in fall 2019 Masonry sealed, ready for insulation.
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More about EnerPHit

https://passipedia.org/certification/enerphit

https://passivehouse-database.org/index.php?lang=en

i:ﬁ:? Passive House Database

("

ise Database
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RDH Guides

ASHRAE 100
USERS’ GUIDE

ASHRAE Standard 100 - 2018
Energy Efficiency in Existing
Buildings
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Other guides

PASSIVE RETROFITS 2021

Canada’s Climate ACCELERATOR A

Retrofit Mission

The City of Toronto's

Net Zero Existing
Buildings Strategy
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“Keep Hope Alive”

1983 was the zenith of the Reagan Presidency.
Many African Americans felt abandoned by Washington.
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Fall 1983



Despair: Americans emit 16.6 tonnes GHG/person.
Hope: Two tonnes GHG/person by 2030.

Set a personal target. Start monitoring yourself.

Write a climate retrofit plan for your home.

Livi
Get an e-bike. Drive less. (4.6 t/yr) YaHg Ghe
1.5 Degree
Fly much less. (4 t/hr) Lifestyle
Eat less meat. (3 t/yr) e
Buy less of everything. @/&:)
Talk about 2030. Don’t do this alone. Why Individual Climate Action

Matfers More than Fver.

Support political action to end fossil fuel era.
— Lloyd Alter —
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PHN PRESENTS
DECEMBER 7, 2021

How to Retrofit
Buildings in a
Climate Emergency:
Stepwise EnerPHit

Monte Paulsen

Passive House Specialist
RDH Building Science
mpaulsen@rdh.com

W @MontePaulsen

RDH




