Constructing a Retrofit Plan

Sarah Gray, M.Sc, P.Eng. I

ROH

Deep Retrdfit projects
are ongaing
Deep Retrdfit studies of
existing buildings
Retrofitsstart & ongoing
2022

Canada Model Code for ~ 40% reductionin GHG 50% - 80% reductionin GG
Existing Buildingsin
Place - Retrdfit Pathiis
Mandated

|
lancawer: Al newand replacerment heating
RJH and hat water systerms must be zero emissians

Service life renewal of
early adopters

Msion and Goal:
All newand existing
buildings are NZIC
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Every building needs a plan.

ROH
o] -
@ x X3 = 0.
g — o'
ox J= L
STEP1 STEP 3 STEP 4 STEP 5 STEP 6
Set Goals Baseline Plan Efficiency  Analyze Renewables Procurement Track Progress
Projects Storage
RJI" From RMI's Best Practices for Achieving Zero Over Time
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Identify Potential Retrofit Goals

Internal and/or External Goals

Greenhouse gas/carbon reduction Thermal comfort improvement

Energy efficiency improvements Indoor air quality improvement

Operations cost reduction Improve curb appeal / resale value

Fire/smoke mitigation Seismic retrofit Flood mitigation

ROH
5
Document Your Retrofit Goals

Current & Future Cost Comfort and IAQ Energy & Carbon

* Increase leasing revenue « Occupant health and Indoor « Energy efficiency

. Improve resale value Air Quality improvement improvements

. Reduced operational cost . Thermal comfort . GHG/c.arbon emission

) improvement reduction

(current/future, inc. carbon . . o
pricing) . ;Arrc]gtlg\t/:n::mfort  Easier electrification

+ Reduced maintenance costs * Embodied carbon savings
and requirements (capital )
plan) Future Proofing -

Code Reaui + Resiliency against future Building Performance
ode Requirements climate « Actual performance vs

+ Anticipate more stringent + Passive survivability predicted performance
energy codes and retrofit (response to extreme
requirement weather events)

ROH
6
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GHG reduction measures

Light Retrofit
10-20%
GHG reduction

FIXTURE REPLACEMENTS
AIR SEALING

LIGHTING UPGRADES

CONTROLS

GAS HEATING UPGRADES

o Low carbon
HEAT PUMPS ags :
resilience retrofit
ENCLOSURE UPGRADES package
VENTILATION W/HEAT RECOVERY
Pub
healtk
RDH Original Concept for Graphic:
Pembina Reframed Initiative
7
CLO

Write a Strong Retrofit Goal Statement

—~ Net Zero Carbon by 2040
— Net Zero Carbon by 2050

—~ 50% Greenhouse Gas Emissions reduction by 2030, then Net Zero Carbon
by 2050

— Achieve Net Zero Carbon with our planned major retrofit starting soon

Show me the potentials for reduced energy consumption, reduced GHGs, and
costs for light, medium or deep retrofit... then I'll decide my goal.




RDH Retrofit Roadmap

ROH

Project Scoping and Goal Setting

+ Help owners determine objectives
» Discuss and capture goals

« Determine the next steps for the
planning and assessment phase

ROH
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Conduct Building Assessment

» Review building documentation, previous reports, previous repairs

» Visual examination including exploratory work - primarily building enclosure
and mechanical, but also electrical and structural/seismic

» Possibly conduct air tightness testing

11

)

Establish Current Heat

LR PV TR 3 e VRS Corrugated metal cladding with 17 thick

ROH

Existing building effective R-value  R-1.4
Conventional roof assembly (exposed
membrane) with 2" rigid R11.4
polyisocyanurate insulation
exterior rigid EPS insulation Lk
Pre-cast panels with 2" thick exterior
rigid EPS insulation and uninsulated  R-10.7
steal stud wall
Non-drained stucco overuninsulaied o o
steal studwall
Uninsulated pre-cast panek outhoard
ROS
of concrete slab edge
Uninsulated concrete baicony slab R12
Aluminum framed windows with clear
double glazed 1GUs, no low-e coating, R1.0
and no argon gas fill
L1200 Aluminum framed single pane windows
ROS
with horizontal siiders
Aluminum framed single pane bakony ROS
sliding glass doors
Uninsulated concrete deck RO.5

How can we improve
the enclosure to
reduce heat loss and
air leakage, and
therefore reduce the
HVAC loads?

Roof Al I.,e;xluge )
Parking Garage Soffit L Exrer]lr;;wﬂls
1%
Floor
1%

Balcony Sliding Doors Slab Edge

23% 20%

Balcony Curb

2%

Operable Windows
27%

STEADY STATE HEAT LOSS THROUGH THE EXISTING
BUILDING ENCLOSURE (ASHRAE DESIGN DAY CONDITIONS)

12
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ROH

Baseline Benchmarking

13

Existing Utility Bill Review and Analysis

€ 250

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M Electricity

™ Natural Gas

GHGI (KGCOze/M?/YR)
TEUI (KWH/M?/YR)
TEDI (KWH/M?/YR)

ANNUAL CO.e (TONNES)

ANNUAL NATURAL GAS (MBTU)

ANNUAL ELECTRICITY (kWh)

14
200

77

230
3,500

2,300,000

ROH

14
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NRCan
Survey
of MURBs
2018

EXisting

TGS Tier 4

Total Energy Use Intensity (TEUI)

Pumps

o 50

Greenhouse Gas Intensity (GHGI)

OLights

oPlug Loads
oCooling
oPumps

@Fans

DOExterior Lighting

s 7 ®NG Process

% BNG Heating
mNG Hot Water

ROH ke/myr
15
FL0
Identify Potential Retrofits
RDH
16
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Retrofit Language

* Energy Conservation Measures (ECMs)

e Carbon Reduction Measures (CRMs)

climate adaptation and mitigation

ROH

* Low Carbon Resilience Measures (LRCMs) - combines

17

LOAD
REDUCTION

Reduce amount of
heating and cooling
required to condition
the space

ROH

ENERGY
EFFICIENCY

Improve the
efficiency of heating
and cooling
equipment

RENEWABLE
ENERGY

Use renewable
energy to offset
energy consumed
from the grid

CARBON
OFFSETS
Purchase offsets for
any carbon
consumed
CARBON
NEUTRAL

18
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Load
Reduction

Add
Insulation

Improve
Windows

Air Sealing

ROH

Decarbonize
Gas Heating

Energy
Efficiency

Lighting

Fuel Switch

Heating

Ground
Source

Cooling

Ventilation
with Heat
Recovery

Air Source

Renewable Carbon
Energy Offsets

On Site PV

Roof, Walls

@

On Site PV
Canopies
On Site
Wind

CARBON
NEUTRAL

Purchase
offsets

Off Sites

19

Cladding .

Windows .

Roofing .

Underground .
Parking Garage

panelized system
Full cladding replacement

Balcony slab and/or curb insulation .

Weatherstripping and sealing
Double or triple pane IGUs
Thermally broken frames
Fibreglass frames (?)

Enclosure System Retrofit Options

Over-clad with EIFS, clip-and-rail, or .

Back-up wall condition and
structural capacity

« Flashing and AVB integration
Sequencing with windows

» Anchorage at sill and jambs
+ Sequencing with overclad

Passive House window system

Add insulation to field of roof .

Wrap parapet with insulation
Accommodate PV

Insulate the soffit under occupied .

ground floor space

Increase height of parapet, curbs,
and door sills

« Replace roof anchors with longer
stem

Ceiling clearance
- Fire protection of insulation

Assess ventilation (fresh air supply) needs and condensation risks for all retrofit options!

20
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Enclosure System Retrofit Option

Using Option 1

Using Option 2

Using Option 3

ROH

Uninsulated conerete balcony slab | R-1.2

Aluminum framed windows with clear
double glazed IGUs, no low-¢ coating ] R-1.0
andno argon gas il

Aluminum framed single pane balcony
sliding glass doors

Uninsulated concrete deck ROS

Pre-cast panels with 2
rigid EPS insul

Targeted repairs ¢

or
R-10.7 ffoner

Targeted IGU

broken windows
RS- [ bateonyll | K22
shiders with clear
double glazed
ROS 16U:

7 4
ot Windows T3 Windows L windows "0 Rl
R114 | Roof replacement to match existing  R-11.4 Roof replacement to match existing RI14  Roof replacementto match existing | R-11.4

setsl cladding with 4° thick
R-5.0 ¢ RIS
et and Iadding

and balcony sliders ant

with clear triple glazed |GUs
with clear double sl jear
glazed View Glass triple glazed 1GUs

16us

Overclad pre-cast with 4” thick exterior
R-10.7  insulation and rainscreen cladding (Le., | R-25
metal cladding or EIFS)

Replace ined stucco with 4" thick
+ insulation EIFS system Lhk
RIS

Exterior insulated concrete curb under
R13

Balcony door

5 gao Newfberglas framed punched windows]

aled 2" dlosed-cell spray foam insulation
instaled to underside of concrete deck

21

Mechanical System Retrofit Options

Heating and
Cooling

Fresh Air Supply
and Exhaust Air

Domestic Hot
Water

ROH

Electric heat pumps:

Air-to-water (hydronic) heat pumps
Air-source heat pumps

Ground source (pending further
study)

Central dedicated outdoor air supply
(DOAS)

Energy/heat recovery ventilators
(ERVs/HRVs) - in-suite or central

Low-flow water fixtures
Waste water and drain water heat
recovery

Space on roof, at-grade, or on
balconies to place the outside units
Noise of outdoor fans, line sets
New terminal units

Noise of outdoor fans
Installation challenges with central or
in-suite ducts

Space to install waste/drain heat
recovery units

22
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Mechanical System Retrofit Options

EXISTING BUILDING DEEP RETROFIT #1 DEEP RETROFIT #2

Rooftop make-up air unit serving Heat pump rooftop make-up air unit cop=2.5 Heat pump rooftop make-up air unit coP=25
100 cfm/suite
corridors serving corridors 20 cfm/suite serving corridors 20 cfm/suite
Sensible Eff=70% Sensible Eff=70%
Direct exhaust from kitchen and o Addition of in-suite energy recovery f":‘ ‘EEHLW% Addition of in-suite energy recovery l"(" ‘EEEHU%
bathroom ventilators (ERVs) Afent e ventilators (ERVS) AtEnEEE

65 cim/suite 65 cfm/suite:

Central air-to-water heat pumps
85% Efficient (AWHPs) to provide heating and cooling,

Central air-to-water heat pumps

it tural gas-fired boil
e natra se edhotes (AWHPs) to provide heating and cooling

Heating COP ~2.6 Heating COP ~2.6

5/24/2022

ﬁ E Indirectly served by heating boilers ~ See heating boilers

Regular water fixtures Various flaw rates

system

30% reduction in

Low fl ter fixt
ow flow water fixtures S e

system

Low flow water fixtures

No coolin Cooling COP ~4 Cooling COP~4
. with back-up natural gas-fired boiler. . with back-up natural gas-fired boiler. s
T R — o Hydronic perimeter fan-coil units to e Hydronic perimeter fan-coil units to T
provide heating and cooling provide heating and cooling
Drain water heat pump heat recovery e Drain water heat pump heat recovery G

30% reduction in
DHW load

ROH

Various lighting

LED in 2l common spaces
power densities

Retrofit all lighting to LED No savings modelled

Retrofit all lighting to LED

No savings modelled

23

Typical Energy “Model” Options for Retrofits

Type of A "

Energy Model Description Works best for... Benefits Challenges

Spreadsheet Rough estimate of energy > Early-stage analysis Quick and cheap High level of
performance, typically 2> Understanding the biggest uncertainty (~Class D
based on previous similar levers impacting performance level results) and
result or simplified inputs; > Rough comparisons to aid variability of between
simplified geometry decision making energy consultants

Simplified Typically an hourly energy Early-stage analysis More reliable than a Based on a lot of

Block Model

Detailed Hourly
Model

model based on block-like
massing; lacks design
details

Hourly energy model based
on drawings, calibrated
against utility bills

Target setting
Preliminary decision making

v

- Target setting + updating to
ensure achievement of
targets
Can be used to inform mech.
design/sizing
Multiple retrofits w/
interdependence

spreadsheet model,
but still fairly
affordable

Reliable results that
are calibrated against
real world data

assumptions, rules of
thumb, and previous
experience

Expensive and time-
consuming

ROH

24
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ROH

25

Analysis Outcomes

ROH

26

RETROFIT*ROAD

123 MAIN STREET

Building Name 123 Main Street
Vintage  Circa 1970
Building Use  Residential
Building Size 10 storeys
Number of Suites 200 suites
200,000 ftt

INITIATION

Site visit, ki
meeting, document

ASSESSMENT

Assess light, medium,
and deep retrofit
options to identify the
potential levels of
GHG savings.

' LIGHT

M A P 5-10% GHG
o SAVINGS

COST: MEDIUM

DISTURBANCE: MEDIUM
E: MEDIUM

MEDIUM

40% GHG

SAVINGS SAVINGS

COST: HIGH
DISTURBANCE: HIGH

Commissioning

MAINTENANCE: LOW

Replace fow eff DHW boiler

with condensing hoiler
| b

In-Suite Ventilation
via PTAC Units

| - | |

In-Suite Ventilation
via PTAC Units

Install air-to-water heat pum)
replace baseboard conv

| 3 [}

Commissioning

WHOLE BUILDING EFFECTIVE R-VALUE

R-2.5

Repaif Brick
and Concrete Walls

TEUI 250 kWh/m'/y;

R-3.5 R-13.4

[ |
Overclad Slah Edges
and Balcony Curbs
[ ol
New Triple Pane Fiberglass
Windows and Balcony Doors
el ; il
Repair Brick
and Concrete Walls

New Aluminum Double Pane
Windows and Balcony Doors,

Overclad Brick Walls,
Overclad Concrete Walls

P

o oo,

W

CONSTRUCTION

Contractor bids, building
permit, and contractor
selection. Repair and
reconstruction takes

! place onsite.

ONGOING
MAINTENANCE

Ongoing inspection,

D ¢
P W SCIENCE

4
PROJECT -

" SELEGTION
& DESIGN

Decision making with

¥ Operational
performance verification
¥ and potential
', measurement
and verification.

BUILDIN

5/24/2022

13



5/24/2022

CLO
Deep is likely the
only option in
regions with NZC
mandates
SAMPLE MURB OPTIONS
MEDIUM DEEP
EXISTIN
% GHG EMISSION SAVINGS 0% 7% 50%
ow on
1970's vintage building Flexibility with new Flexibility with new
fagade design fagade design
ROH
27
L0
GHGI vs TEUI

SAMPLE MURB OPTIONS

30

MEDIUM DEEP
RN
ww
w2
oo s
o mm
=
s oo
o mm mm

ROH

Existin,
(o] Mediur? .

ODeep

100 150 200 250 300
TEUI (kWh/m?)

28
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NRCan
Survey of
MURBs 2018

Existing
Building

Medium
Retrofit

Deep Retrofit

Ottawa HPDS
Tier 1

Ottawa HPDS Tier |

Existing Building

Medium Retrofit

Deep Retrofit

Total Energy Use Intensity (TEUI)

TEUI, 248

Cooling Pumps Exterior Lighti
BN .
Supplement
Supplement
TEUI, 142

Cooling Pumps Exterior Lighti

150

Greenhouse Gas Intensity (GHGI)

Z GHGL 19

ROH

()

20
kg/m?/fyr

250

OLights
@Plug Loads
@Elec Heating
acCooling
@Ht Rejection
oPumps
@Fans
ODisplay
aSupplement
DQElec DHW
DExterior Lighting

29

ROH

Timing the Retrofits

30
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“getting to zero™?

ROH

* Is there a “Trigger Event’ coming soon that will start the process:
Window replacement? Roof replacement? Boiler replacement?

« What is the local government’s mandate for deep retrofit or for

« What is your goal for “getting to zero™?

31

Immediate

Deferred

Over Time

ROH

- Funding is available now

- Scope and projects are planned, designed, and
“shovel ready” (or will be soon)

- Significant benefits achieved in the short term

- Funding is not yet available - awaiting the
planned timing or seeking funds

- Plan the projects now, update the plan as needed
- Benefits will be realized after project
implementation

- Projects are in the pipeline as part of a plan that
will be funded

- Benefits are achieved in phases, with stepped
drops in energy/GHG use

32

5/24/2022
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Existing
building Phased-In Deep Retrofit Pathway

performance

Enclosure Project
Add Ventilation

y (EUI)

Electrify

g Energy Use

Renewable Energy
or Offsets for
Net Zero

Year 1 Year 5 Year 10 Year 20 Year 30

Retrofit Timeline

ROH

Based on RMI’s Best Practices for Achieving Zero Over Time

33

Lo

- Existing
Greenhouse Gas Emissions Over Time

— 400
o
o
&
£
E
é - Phase #1 co #1
A Enclosure + In=Suite ERVS n -Suite ERVs
&
c
o
% 200 Phase #2
(5] Electrify ALE

% Phase #3

Electrify Plant & DHW

2
00
2025
»
2
2009
om

203
037
2058
03
0
o4
04
2041
208
208
2046
204
2048
200

027

BN Path #2 ~ EEEEPath#l = = 50% GHG

ROH

34
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ROH

35

RETROFIT PATH #1
> GHG REDUCTION BY 2030
NET ZERO CARBON BY 2050

1970 - 1975
1975 - 1980
1980 - 1985
1985 - 1990
1990 - 1995
1995 - 2000
2000 - 2005
2005 - 2010
2010 - 2015
2015 - 2020
2020 - 2025
2025 - 2030
2030 - 2035
2035 - 2040
2040 - 2045
2045 - 2050

RETROFIT PHASE: 3 2022Current ooy

Replace Lighitng with LED Fixtures and Lamps
Upgrade Suites with Low Flow Fixtures

Load Reduction

Overclad Exterior Walls and Soffits § s 10,750,000 Enclosure
Replace Windows & Doors Overclad & In-
Add In-Suite ERVs $ 1,960,000 Suite Ventilation

Replace & Resize Corridor Make-Up Air Unit 46 Central

Replace Roof Exhaust Fans & Add Glycol Run Around for Heat Recovery Ventilation

Replace Central Heating Boilers with Air-Source Heat Pumps $ 3310000 Electrify Plant &
Replace Radiators with Fan Coil Units with Cooling X ot Add cooling

Replace DHW Boilers with Drain Water Heat Pump Heat Recovery System 910,01 Electrify DHW

Replace Roof 70,000 Re-Roof

ROH

36
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ROH

RETROFIT PATH #1
50% GHG REDUCTION BY 2030
NET ZERO CARBON BY 2050

RETROFIT PHASE:

Replace Lighitng with LED Fixtures and Lamps
Upgrade Suites with Low Flow Fixtures

Overclad Exterior Walls and Soffits

1970 - 1975

1975 - 1980

1980 - 1985

1985 - 1990

1990 - 1995

Early service life

1995 - 2000
2000 - 2005

2005 - 2010
2010 - 2015

Repairs

2015 - 2020

2020 - 2025

2025 - 2030

-

2030 - 2035

2035 - 2040
2040 - 2045
2045 - 2050

Current
Year Dollars*

$ 60,000 Load Reduction

CRM

—_—————— ¢ 1n 78N NNN

Enclosure

37

ROH

RETROFIT PATH #1
50% GHG REDUCTION BY 2030
NET ZERO CARBON BY 2050

'RETROFIT PHASE:

Replace Lighitng with LED Fixtures and Lamps
Upgrade Suites with Low Flow Fixtures

Overclad Exterior Walls and Soffits
Replace Windows & Doors

1970 - 1975

1975 - 1980

1980 - 1985

1985 - 1990

1990 - 1995

1995 - 2000

2000 - 2005

2005 - 2010
2010 - 2015

2015 - 2020

2020 - 2025

2025 - 2030

2030 - 2035

2035 - 2040
2040 - 2045
2045 - 2050

Current
Year Dollars*

$ 60,000 Load Reduction

w

CRM

Enclosure

I $ 10.750.000 G e rclad & In-

38

5/24/2022
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RETROFIT PATH #1
50% GHG REDUCTION BY 2030
NET ZERO CARBON BY 2050

1995 - 2000
2030 - 2035
2035 - 2040
2040 - 2045
2045 - 2050

1970 - 1975
1975 - 1980
1980 - 1985
1985 - 1990
1990 - 1995
2000 - 2005
2005 - 2010
2010 - 2015
2015 - 2020
2020 - 2025
2025 - 2030

: 2022 Current
RETROFIT PHASE: 3 Your Dallare®

Replace Lighitng with LED Fixtures and Lamps s
Upgrade Suites with Low Flow Fixtures

60,000

Overclad Exterior Walls and Soffits § 1 i i $ 10,750,000
Replace Windows & Doors -]ﬂ-mﬂ e
Add In-Suite ERVs $ 1,960,000

Replace & Resize Corridor Make-Up Air Unit

460,000
Replace Roof Exhaust Fans & Add Glycol Run Around for Heat Recovery

ROH

CRM

Load Reduction

Enclosure
Overclad & In-
Suite Ventilation

Central
Ventilation

39

RETROFIT PATH #1
50% GHG REDUCTION BY 2030
NET ZERO CARBON BY 2050

1970 - 1975
1975 - 1980
1980 - 1985
1985 - 1990
1990 - 1995
1995 - 2000
2000 - 2005
2005 - 2010
2010 - 2015
2015 - 2020
2020 - 2025
2025 - 2030
2030 - 2035
2035 - 2040
2040 - 2045
2045 - 2050

. 2022 Current
RETROFIT PHASE: Sl

Replace Lighitng with LED Fixtures and Lamps s
Upgrade Suites with Low Flow Fixtures

w

60,000

Overclad Exterior Walls and Soffits | s 10,750,000
Replace Windows & Doors | [N] o

Add In-Suite ERVs $§ 1,960,000

Replace & Resize Corridor Make-Up Air Unit
Replace Roof Exhaust Fans & Add Glycol Run Around for Heat Recovery

Replace Central Heating Boilers with Air-Source Heat Pumps _ $ 3,310,000
Replace Radiators with Fan Coil Units with Cooling IR -

Replace DHW Boilers with Drain Water Heat Pump Heat Recovery System : $ 910,000

460,000

Replace Roof X $ 1,570,000

ROH

CRM

Load Reduction

Enclosure
Overclad & In-
Suite Ventilation

Central
Ventilation

Electrify Plant &
Add cooling

Electrify DHW

Re-Roof

40
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Other Retrofit Considerations
include in your plan!

ROH

41

Sequencing: “No un-do / re-do”

What retrofit projects should be implemented first?

Share your draft plan with internal stakeholders, maintenance contractors,
consultants, and/or external peer reviewer - collaborate and don’t work in isolation

Consider operations continuity, build-in contingency time and money

Electrical System Capacity
If fuel-switching the heating system to electric heat pumps or fan coils, does the
building have enough juice?
Capacity for adding ERVs, DOAS, etc?

Need to upgrade hydro vault/electrical transformer? Main incoming feed? Main
switch gear? New suite panels?

ROH

42

5/24/2022
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Code and Accessibility

Potential triggers that would require upgrades to fire suppression, fire separations

Impacts to existing exiting paths and distances

Hazardous Materials

Abatement requirements for old duct/pipe insulation, plaster/drywall compound,
sealants

Lead in older paints on walls and windows

ROH

43

Impacts to Residents/Tenants

Communicate, communicate, communicate
Host Town Halls and/or send emails/newsletters

Assign a point-person on the building side, consultant side,
and contractor side

Plan out access and optimize the number of suite “touches”

ROH

44
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ROH

Retrofit Planning

for Portfolios

45

STEP1
Set Goals

ROH

Baseline

Plan Efficiency
Projects

STEP 4

Analyze Renewables
Storage

©

v . @
— .. L4
= o«
STEP 5 STEP 6
Procurement Track Progress

From RMI's Best Practices for Achieving Zero Over Time

46

5/24/2022

23



5/24/2022

1. Open your portfolio list or tool (spreadsheet, CapEx program, etc)

2. ldentify which buildings have a long-term hold strategy vs. short-
term hold

3. ldentify age, energy system (gas/electric), or other opportunity ‘tag’
4. Group by geographic location
5.Group by trigger point timing

6. Develop individual plans or make high-level archetype plans

ROH

47

Carbon Risk Real Estate Monitor (CRREM)

https://www.crrem.eu/tool/

Asset Info Energy Types Renewables Retrofits

General information Retrofit actions

Asset Name

Reporting  Gross Asset Value
year (Gav)

Reporting period

ROH

48
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EVOLUTION OF NON-COMPLIANCE sh £ not liant .
are of not compliant assets
WITHIN PORTFOLIO P
Diagrams on the right display the evolution of not compliant 100%
assets within your portfolio. Upper graph: Relative share of
non-compliant assets. Lower graph: Absolute figures. Choose 90%
whether to display data based on the number of buildings,
gross floor area (GFA) or gross asset value (GAV). Choose
whether to exclude individual assets or exclude them from a 80%
certain year on. a
2 0%
a
©
o
@
2 60%
@
7
S 50%
=4
]
<
“ 40%
30%
20%
10%
0%
% N O = o~Nom o LI - B = T s B § w ~ @ - N oM n W o~ a
R EEEEEREEE R EREEE SRR EE SR SRR RS RN
ES IR S S I S S R S S R TR S SR ST SR TS R I R S T S
e Stranded W Non-stranded ~ —#— Stranded
e ow
STRANDING EVENTS: :
Stranding events
NEED FOR ACTION?
The graph on the right provides a
summary of stranding events in the course 1,000,000,000
of time. Each circle corresponds to one
asset not complying with its
decarbonisation pathways for the first 100,000,000
time. Circle size (GAV) and y-axis (Floor
area) indicate the importance of an asset
‘within the portfolio. 10,000,000
The area of the circles corresponds to the
GAV of the stranded asset. 1,000,000
Choase below which global warming
target to apply. The numbers next to the -
circles depict the asset ID. e 100,000
= A
E
m
)
S 10,000 ®
“
g
Climate target; [ 15 ] 1000
[ ]
100
10

ROH

1
2018 2020 2022

2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

@ Stranding events

(area of circles corresponds to GAV of asset)

50
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PORTFOLIO SUMMARY Cost Risks Emissions Risks
Emission budget 2018-2050
Cumulative (1€0se]
2050 [rco.e) ‘budget x cum. Emissions)
Set discount rate: 3%
3 targ al 1.5"Ctarget |
1 2046 | 2°Cready -12.1% -20.3% - 242,891 |- 406,317 82,701 8 9 ,495 8,228 11,020
2 2046 | 2°Cready -12.1% -203% - 242,891 |- 406,317 82701 - 8 - 9 495 8,228 11,020
3 2021 2021 3.9% 32% 186,330 152,959 3,105,138 2,539,589 2,070 1,693 119 ,022 2,420 2,998
2021 202 0.4% 0.1% 17,597 5,818 292,821 96,277 293 9% 21 601 370 568
2021 202 2.8% 2.2% 27,773 22,497 266,561 377,847 1,555 1,259 80 684 269 359
2034 204C 0.5% -1.1% 173,449 |- 384,926 6,836,892 2,651,130 244 95 49 28,288 33,351 42,968
2032 204 02% -0.5% 59,377 | 129,447 1,797,992 20,012 120 3 21 7,768 8,526 11,741
2041 2049 1.1% -2.3% - 386003 |- 799,310 1,267,918 17,653 85 1 50 12,453 25,050 32,171
9 2021 2021 11.6% 11.1% 5,805,533 5,566,40: 99,934,053 95,873,429 10,519 10,092 609 115,515 19410 | 23,565
10 2021 2021 2.3% 1.6% 678,536 481,60¢ 11,454,468 8,111,814 1,636 1,159 174 24,000 15,73 19,156
11 2021 2021 10.5% 9.8% 4,183,539 3931822 | 70,864,836 66,590,494 7,086 6,659 316 87,266 20,43 24,806
H 4.5% 3.5% 10,260,259 8,034,759 196,186,080 176,298,244 1828 1,643 286,678 142,02 180,374
COSTS OF EXCESS EMISSIONS OF s
Costs of excess emissions
PORTFOLIO
Aggregated costs of excess emissions for all assets 600,000
within selected portfolio.
Climate
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Every building needs a plan.
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ROH

Discussion
+ Questions

sgray@rdh.com

Learn more at
rdh.com

m RDH Building Science

%Y @RDHBuildings

54

5/24/2022

27



5/24/2022

RDH Technical Library

Building enclosure articles,
conference papers,
presentations, research
reports, quick guides +
technical bulletins

rdh.com/technical-library

Learn More

Learn Building Science

Live events, guides, courses
+ more!

>

FEBRUARY 2

learnbuildingscience.com
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