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High Rise, Low Carbon:

Canada’s $40 billion Net Zero building challenge






Why we wrote this

Canada is on the edge of a building boom. With our
housing stock already severely strained, we'll soon
need to find a way to accommodate a record surge
in new Canadians. That'll mean building nearly six
million new homes.

Constructing these homes sustainably—as we must
if we are to hit our climate targets—brings with

it economic opportunity. Canada can lead North
America’s construction sector into a new greener
era, one defined by novel building materials, smart
building systems and the rapid deployment of
low-carbon heating and cooling. In addition to the
buildings themselves, we'll need to construct new
supply chains, skilled workforces and critically a
retrofit economy to support the transition.

This challenge compelled the RBC Climate Action
Institute and George Brown College’s Brookfield
Sustainability Institute to launch a collaboration
that begins with this paper. High Rise, Low Carbon:
Canada’s $40 billion Net Zero Building Challenge
aims to help inform and inspire Canadians to see
both the urgent need and growing opportunity that
will come with more sustainable buildings.

John Stackhouse, Senior Vice President, RBC
Economics and Thought Leadership
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Luigi Ferrara, Chair and CEOQ,
Brookfield Sustainability Institute
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Key Points

By 2030, Canada will need 5.8 million new houses—a 40% increase—
40 % as the current housing affordability crisis and immigration boom
accelerate demand.

If built with current practices and prevailing codes, these structures

1 8 MT will add up to 18 MT (million tonnes) of greenhouse gas emissions
to our carbon footprint annually.

111 them will add even more.
111

/% Emissions from production of the cement and steel used to build

9 O MT Canada'’s existing buildings are already among our biggest emitters,
releasing some 90 MT of greenhouse gases annually.

To meet our Net Zero targets, we'll need to change how and

(Cf) what we build. We'll also need to re-visit our current buildings—
retrofitting some 16 million homes and 750 million m? of
commercial space.

This will require more than $40 billion a year in capital
investment, with 60% going to retrofits and the rest to new builds!

New technologies will be essential. Heat pumps—already gaining
traction in Atlantic Canada and B.C—must become mainstream,
augmenting and eventually replacing gas furnaces that are the
largest source of building emissions.
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Canada’s population is set to

boom over the next decade
Growth in provincial
population to 2035
%
i Share of expected
population growth to 2035
21%
9%

Ontario Alberta  British Columbia Quebec ~ Saskatchewan Manitoba Atlantic

Source: RBC Climate Action Institute, Statistics Canada

The fastest growing provinces also
heat most with fossil fuels

Share of residential space heating by fuel
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Heat pump sales eclipsed gas
furnaces for the first time

Wholesale heating system orders
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Source: HRAI, RBC Climate Action Institute
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Demand will surge for all
housing types in Canada
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Semi-detached Apartment Single Detached
and Row Houses

Source: Natural Resource Canada, Canada Mortgage and Housing Corp., RBC Climate Action Institute

Canadian businesses must retrofit a third
of all commercial space each decade

Million meters squared of commercial and institutional space

Structural elements and
heating system (m?)

. Heating system only (m?)

Buildings are assumed to require
envelope upgrades in the decade
they reach 60 years old

Source: Natural Resource Canada, RBC Climate Action Institute

Canada’s residential emissions are among

the world's highest

Tonnes of CO, per capita from residences
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The case for

]%reening Canada’s
uilt environment

Buildings have long been at the heart of Canada’s
emissions problem.

Heated by gas furnaces, powered by coal-fired electricity,
and supported by emissions-heavy concrete foundations,
our buildings are the third largest source of greenhouse
gases after the energy and transportation sectors. In

all, they generate an eighth of our emissions, or some

90 million tonnes (MT) of carbon dioxide each year.

And those emissions are rising, as more houses and
commercial spaces heated with natural gas are built.

To reach our climate targets, we must build in a new
way. Through design and retrofits, we can do more than
cut emissions. We can turn our buildings into powerful
drivers of the green transition, acting as charging
stations for electric vehicles, generators of solar power,
and carbon sinks that protect emissions stored in raw
materials.

Canada’s “built environment”—the shopping malls,
homes and office towers central to our lives—is critical
to the economy. Construction and real estate services
directly account for a fifth of GDP, with commercial
buildings supporting broader economic activities ranging
from retail stores to assembly lines. But nearly half of
our housing stock was built prior to 1980, when energy
efficiency wasn't a top priority. What's more, Canada’s
frigid climate and abundance of natural gas has long
led us to heat our homes generously, with little need to
focus on emissions.

Until now. Our existing housing stock is already well
short of what Canadians need and soaring prices are
placing home ownership increasingly out of reach.

RBC Climate Action Institute | High Rise, Low Carbon

With record immigration targets set to bring 5.5 million
newcomers to Canada by 2035, we'll need to expand our
housing supply by 40% in the next 10 years—without
raising emissions.

The scale of this task may be daunting, but it

also gives us a chance for a fresh start. And some
Canadian companies are seizing it, taking a lead in the
development of climate-smart building technologies.
Element5, in St. Thomas, Ont., produces mass timber
technology that glues wood together in layers strong
enough to replace traditional steel and concrete in
buildings. B.C's QuadReal is turning a Toronto warehouse
into a solar farm, fitting the roof with reams of panels
that will ultimately power electric delivery trucks. And
Toronto’s Morgan Solar is designing window blinds that
double as solar panels. Canada can lead North America
by exporting these smart building solutions, growing the
economy, and cutting our own emissions along the way.

The challenge for our builders will be to make such low-
carbon innovations part of business as usual. They'll also
have to work with living spaces that are larger compared
to most developed countries.

Labour shortages, strained electricity systems and
stressed supply chains for new technologies will present
significant barriers. So too, will the added consumer cost
of building green. As living costs rise, every added dollar
will weigh on Canadian households.

But building the way we always have will bring its own
financial burdens, in the form of future retrofits and
heftier carbon prices. We can’t afford to wait any longer.



Canadian living spaces are among the largest globally
Built up area per capita, m?
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Source: OECD, RBC Climate Action Institute
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‘ CASE STUDY

 Creating climate-positive communities

New communities are a chance for designers to develop neighbourhood-scale solutions that move us
more rapidly toward Net Zero.

A “climate-positive community” adopts nature-based solutions, circular economy practices, and
renewable energy. It designs for durable, flexible buildings, and the conservation of ecosystems. And
it supports residents in adopting simple living philosophies, sharing economies and communal smart
systems.

These communities typically favour public transport, smaller homes, and higher-density
neighbourhoods that allow residents to live, work and play within a walkable radius. They usually
integrate a variety of uses and tenancies, develop a network of natural and human-scaled paved
spaces, adopt community-run co-housing features, and incorporate renewable energy systems and
smart solutions to cut energy use.

London’s Bedzed, among the world'’s first climate-positive communities, features 100 homes, a college,
offices, and various community facilities. Local and recycled materials were used in its construction and
its district heat system and passive house design have helped cut emissions by half for transportation
and a third for heating. Water use was reduced by two thirds. That's led to significant savings for the
residents, whose annual bills are £1400 lower than that of the average Londoner.

Climate Positive Neighbourhood

High Performance Envelope Upgrade
Introduce Geothermal Heat Pumps
Accessible Slope Upgrades

Install Green Rooftops/Rooftop Farm
Install Operable Windows

Specify Energy Efficient Windows
On-Demand Mobility and Charging Stations (Last Mile)
Neighbourhood Energy Storage
Community Shared Facilities

Install Solar Panels

Close proximity to Public Transportation
Introduce Rainwater Collector for Irrigation

Neighbourhood Digital Twin for Future Planning

0006600000000 00

Community Dashboard for Energy Usage Transparency

Source: The Bedzed Story
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New builds vs. retrofits:
A new pathway and a

long grind

New buildings offer a unique chance to reimagine our
built environment.

From the outset, communities and structures can be
designed to be more energy-efficient and resilient to the
physical threats and costs of climate change—like heat,
floods, and wildfires. Starting from scratch, developers
can more affordably create tighter “envelopes” or
structures that allow less air and heat to escape.

They can also design around more energy-efficient
technologies like heat pumps, which move heat from the
outside air, water or ground and transfer it for use inside.
This allows savings to materialize faster. And since heat
pumps can both heat and cool spaces, this technology
can also eliminate the need for both a furnace and an air
conditioner in many parts of the country, cutting costs
even further.

These operating savings can do much to offset the added
5-10% upfront cost of constructing sustainable buildings.
Mortgage policy changes (think longer amortization for
insured mortgages on zero emission homes) can do

even more. Meantime, a level regulatory playing field
across municipalities, where building codes are equally
supportive of Net Zero buildings, can ensure all builders
face the same costs and meet the same standards.

A bigger challenge rests in what's known as “embodied
carbon”. These are the emissions produced in the
manufacture of building materials (such as cement for
new foundations and glass for new windows). By some
measures, these account for 11% of global emissions,?
and can add up to nearly two decades of emissions from
operating the building.

Embodied emissions equal 20 years of operating emissions

Cumulative emissions over building life, kg CO%/m?

1500

@ Concrete @ Steel Rebar

@ Heating @ Cooling

1250

1000

750

500

250

Construction Decade 1 Decade 2

@ Enclosure
@ Hot Water

Decade 3

@ Other Embodied
@ Other Operational

Decade 4 Decade 5 Decade 6

Source: Daniels’ Corporation Decarbonization Roadmap, RBC Climate Action Institute
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Fortunately, some of the most exciting innovation is
happening in this arena. Using wood in tall buildings
allows the carbon stored in trees to effectively be locked
up for 100+ years, and studies suggest it also reduces
heat loss, making it easier to cut operating emissions,
too. Innovations in concrete can increase the carbon it
stores and 3D-printed or prefabricated buildings can
dramatically reduce the amount of materials wasted.
More materials are currently in development: researchers
in the UK, for instance, are growing structures out

of mycelium, sawdust, and wool. Not all of these
innovations will be scalable, but we need to invest
heavily in the most promising ones.

Current regulations are a significant barrier. To build

a ten-story mass timber building, architects at George
Brown College in Toronto needed special exemptions
from building codes. That took four years, much longer
than the expected total construction time of the building
itself. We'll need to accelerate timelines and learn

from global peers. The Europeans, for example, have
three times as many tall mass timber buildings under
construction.

Building from the ground up is one thing. Refurbishing
spaces we already have—many of which were built
decades ago—will be harder. To meet our 2050 targets,
we'll need to convert 57 million m? of residential
space (400,000 units) and more than 25 million m? of
commercial space to low-carbon heating each year.
For housing alone that would mean nearly tripling our
current pace of conversion.

But simply replacing aging buildings is costly and could
create further upfront emissions. And there are ways to
work with the structures we've got. Retrofits that improve
air tightness and insulation can make heat pumps more
cost efficient, though landlords may need to vacate
tenants, losing rent, and homeowners may have to
sacrifice space to add insulation. For owners, the savings
from retrofits may not make up for the cost, except when
replacements were due anyway. And embodied carbon
means early retrofits can even be bad for emissions in
some cases.

Still, every time our aging buildings need an upgrade,
we must seize the opportunity. And there are enough
commercial buildings nearing the end of life to keep
us busy until the 2030s. We need to scale up a retrofit
economy quickly, lest we miss the chance to ease the
stress on our already overburdened electricity system.

RBC Climate Action Institute | High Rise, Low Carbon



Non-Retrofit House

0 Reduced Air Quality

Polluting Building Materials
Filament Lamps

High Heat Loss Walls and Floors

High Energy Appliances

Non-Renewable Energy Sources
Heat Dispersing Windows
Unnecessary Building Envelope

Uninsulated Roof

00000000

Retrofit House

Increased Air Filtration and Ventilation
Eco-Friendly Building Materials
Upgrade to LED Lights

Add Wall and Floor Insulation

Clean Tech Appliances

Renewable Energy Sources

Install High-Performance Windows

On-Demand Mobility Reduces Building Envelope
Increase Roof Insulation

Rainwater Harvesting and Reuse

Upgrade to Heat Pump Water Heater

Upgrade to Heat Pump Heater

0006000000000

Install Solar Panels
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Non-Retrofit Office

a Energy Dispersing Facade
Heat Dispersing Windows
Uninsulated Roof
Fluorescent/Halogen Lights

Inefficient HVAC

Energetic Waste

Retrofit Office

Update Fagade Insulation

Install High-Performance Windows
Increase Roof Insulation

Update Lighting to LED

Upgrade to Efficient HVAC

Install Lighting Performance Sensors
Install Energy Performance Sensors

Install Solar Panels

Upgrade to Green Roof
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1. Finance

Cleantech may be the best available solution for

cutting emissions. But for homeowners and commercial
landlords, the numbers make it a hard sell. Modern
buildings are as much complex mechanical systems

as they are spaces in which we live and work. Large
commercial buildings have complicated capital budget
plans. And homeowners’ budgets have many competing
priorities. Some retrofits can make good financial sense,
with reasonable returns (though they're still less exciting
than a shiny new kitchen renovation). But in many cases,
and especially for important changes like replacing a
gas furnace with a heat pump, the numbers don't add
up. Indeed, though heat pumps do slash utility bills

over time, the cost of warming a home with one remains
higher than with a gas furnace.

Homeowners in Toronto will pay roughly $2700 per year
to heat their homes with a new, high-efficiency gas
furnace and to cool it with air conditioning? To do the
same with a cold climate heat pump,* accounting for
its higher sticker price, would cost $3,300 to $3,800. A
carbon tax over $200 would be needed to make heat
pumps the clear financial winner.

The highest costs are attached to the most desirable
heat pumps which, like existing furnaces, are largely
invisible, and push air through ducts. By comparison,
the most affordable versions heat homes less evenly.
As global adoption accelerates, the cost of making heat
pumps (and the consumer price) should fall. But how
much, and how quickly, are critical uncertainties.

Another problem: heat pumps use less energy, but they
rely on electricity, which costs four times more than
natural gas.® Retrofits that tighten a building’s envelope
can allow for smaller, cheaper pumps. But the cost of
those retrofits may exceed the lower pump price. If
smaller heat pumps gain traction, we could avoid the
cost of building a much larger electricity system—but this
may not be enough to convince consumers.

To overcome this, governments have turned to
household subsidies like the Canada Greener Homes

RBC Climate Action Institute | High Rise, Low Carbon
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program, which includes grants and interest free loans
that can close cost gaps. But households have been
reticent to join. In almost 18 months, just 19,000 homes
(of a total 16 million) have taken advantage of the
Greener Homes program of 196,000 applications (less
than half as many retrofits than we need to do annually).
Just $69 million has been distributed of a potential $2.6
billion.? City-level programs like Toronto's Home Energy
Loan Program are even less successful (245 homes since
2014)7

Atlantic Canada offers some hope. Between a fifth and

a third of households in the three maritime provinces
use heat pumps as their primary source of heat (though
often with wood or electric backup). That's risen from
less than 10% in the last decade, a strong growth rate
compared to the rest of Canada. The driving force is
provincial funding for energy-efficient homes, especially
via grants and rebates for heat pumps.® A well-developed
provincial system for delivering retrofits and educating
homeowners has also helped.

Programs that offer a path to commercial building
retrofits are even more scarce. These tend to lean on
low-cost finance from government entities like the
Canada Infrastructure Bank. And even then, the lack

of commercialized large-scale heat pumps makes the
economics unattractive. To make the numbers more
appealing, landlords will often reduce the scale of their
decarbonization strategy. Simplified, standardized retrofit
services that guide owners through an efficient process
will be critical.

In their absence, we'll either need larger subsidies or
more stringent regulations. This is already happening.
New York will ban fossil fuels in new buildings by
2029. In the UK, existing buildings with poor emissions
performance can't be rented with standards tightening
over time.



Even with carbon pricing, heat pumps are costly
Annual cost of space and water heating, $ per square foot

$5.00
$4.00
$3.00
$2.00

$1.00

$0.00

Office Single family home Condo
@ Natural gas with $170/T carbon price @ Electric @ Heat pump

Source: Toronto 2023 District, RBC Climate Action Institute

CASE STUDY
 Haitzaqgv First Nation

The Haitzaqv First Nation in Bella Bella, B.C. has undertaken major retrofits, with an eye to reducing its
reliance on diesel, cutting emissions, and creating equitable access to clean energy.

The program has already retrofit 154 homes with heat pumps powered by clean hydroelectricity,
reducing the high cost of heating oil for residents. What sets the Haitzaqv project apart is its approach.
Community leaders have bolstered engagement, both virtually and in person, for example by helping
residents fill in energy surveys. The program distributes “eco kits” so residents can install LED lightbulbs
and undertake air-sealing in their homes and offers training for associated work (like energy audits).
Local residents were also trained by Coastal Heat Pumps to install new heating systems, enabling them
to develop skills for the long term.

This bottom-up approach, with assistance from B.C. Hydro energy efficiency subsidies, has drawn nearly
$20 million in investment from the community.

RBC Climate Action Institute | High Rise, Low Carbon 12



2. Electricity infrastructure

Even after we retrofit buildings, electrifying them could
quadruple peak demand in the system—meaning higher
electricity rates for everyone.

To decarbonize the economy by 2050, we'll need to invest
$350 billion in electricity distribution networks (the wires
that bring power directly to buildings), according to

BNEF. About 40% of this spending will be on upgrades to
existing infrastructure.’ Some of that is needed to ensure
our grids can withstand the physical effects of climate
change (heat waves can damage electrical transformers
and lines), but most will be needed for electrifying
buildings and EV charging.

Drawing the power stored in EV batteries (and
compensating the vehicle's owner) could meet at least
8% of expected new peak demand!® Ontario’s new ultra-
low overnight rate design—which encourages EV drivers
to plug in when demand is lower overnight—can create
savings for EV owners and relieve burdens on the grid.
But to make a bigger dent, we need to do this across
many other electricity-dependent devices. Supporting
building owners who conserve power is critical too.

Canada’s electricity system will need massive investment
Investment in transmission and distribution, $ millions, NetZero scenario

40k

30k

20k

10k

2025 2030 2035

® Asset replacements

Source: Bloomberg NEF, RBC Climate Action Institute
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We can electrify many more buildings before we run
into these problems. But without change, we run the
risk of electrifying them in the wrong ways. If forced to
decarbonize, big buildings may opt to avoid expensive
heat pumps in favour of cheaper electric boilers. Those
systems will add stress to grids.

In the interim, there's a good case for using hybrid

gas and electric systems to stem costs. Gas is already
available and heating systems replaced today will need
to be replaced again by 2050—giving us another chance
to fully decarbonize. A heat pump with renewable natural
gas backup, a route being explored by Hydro Quebec and
Energir, cuts costs by two thirds even with the added cost
of renewable natural gas.

Hybrid systems also address another issue. Buildings
often can’t get all the electricity they need to fully
decarbonize. Two recently built Toronto residential
towers with 700 parking spaces could only secure power
to support ten EV charging stations.

By around 2030, we'll need to determine if hybrid
systems will get us to Net Zero, or if we need to push
harder to electrify buildings. If it's the latter, we'll need
to rethink electricity pricing structures—which don't
currently cover peak charges or time of use evenly or
transparently across the country.
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3. Labour force

The new builds and retrofits we need could add be from replacing gas furnaces with heat pumps. Quebec
significant demand to already tight labour markets. and B.C,, with larger existing trades workforces and less
Our estimates indicate heating, cooling, ventilation dependence on gas, will be best positioned for this

and electrical tradespeople will be in highest demand. transition. Ontario and Alberta, with a greater reliance on
We'll need 45% more HVAC tradespeople and 55% more gas, the fastest growing populations, and largest skilled
electricians. trades shortages, will struggle more.

Some provinces will be more challenged than others.
Inefficient electric baseboard heating can be replaced
with heat pumps. But most of the emissions savings will

Canada’s retrofit workforce must expand in every province

Share of existing building workforce needed for retrofits

10% "
British
Columbia

Source: RBC Climate Action Institute

10%

Quebec
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As a quarter of Canada’s tradespeople approach
retirement this decade, we'll need new strategies to
attract young workers. And we'll need to upskill existing
workers. Among trades, awareness about heat pumps
and the retrofits needed to support them remains a
barrier.

Innovation can also help. Mass timber buildings, for
example, require 25% less time and use 40% less site
labour than current building styles! But they also
require workers experienced in 3D modelling and CNC
machining to make wood panels. Wages for these
workers are 30% higher than for construction labourers.?
Still unlocking the benefits of higher wages for workers,
lower emissions, and sustainable design will depend on
supporting education in the trades.

CASE STUDY
 Building a retrofit workforce

Different skills are required to construct green buildings. Projects may require specialized expertise
in areas such as solar panel installation, geothermal energy systems, rainwater harvesting, and green
roofs. Building managers will need to collect and analyze data on energy use and greenhouse gas
emissions and acquire new skills to manage retrofits. They'll also need to operate smarter, more
complex building systems. Architects will need to develop expertise in retrofits as well as sustainable
design. And much greater focus must be paid to upskilling HVAC trades to deploy heat pumps and
complex new systems to support them.

In Canada, Workforce 2030 is leveraging a network of community organizations, educators and industry
experts to transition pandemic-impacted workers into green building work like energy retrofits and

new low-carbon construction. More practical training will also be needed. Singapore’s “Green Skills at
Work” program provides classroom-based and hands-on practical training for workers to gain skills and

knowledge in low-carbon construction practices.
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4. Supply chain

Canada isn't the only country trying to decarbonize
buildings. European heat pump sales have increased
rapidly, with some 16% of buildings heated by this
technology® Sky-high gas prices due to Russia’s invasion
of Ukraine and major efforts by EU governments to drive
gas conservation have helped this along.

The International Energy Agency warns sales might
outpace supply™ Companies in Asia and Europe have
announced plans for new manufacturing plants, but
these fall short of what's needed. With just two years
required to build these facilities, that could be quickly
resolved. But robust demand will be important to spur
investment.

Our cold climate and large living spaces make Canada’s

needs unique—but also give us the incentive to innovate.

Natural Resources Canada’s joint program with the U.S.
Environmental Protection Agency and Department of
Energy to develop cold climate heat pumps, is a good
first step.

But with limited Canadian manufacturing, we'll still

need to compete for these critical goods. The Biden
administration, for example, recently added heat pumps
to the list of goods identified in the Defense Production
Act identified as critical U.S. climate goals. Though
Canada may benefit from more a robust U.S. supply,
relying on foreign suppliers adds unnecessary risk to our
transition. Canada’s collaboration with the U.S. should be
paired with efforts to diversify our supply chains for this
critical technology—and establish production at home.

Stronger demand needed to spur heat pump manufacturing
Share of 2030 demand in IEA Net Zero Economy Scenario

. Current capacity - Plans for 2030

Wind

Source: Toronto 2030 District, RBC Climate Action Institute
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Seven ldeas

CODES

Provinces should set progressively tighter
emissions standards for new and

existing buildings.

Codes for new construction must tighten quickly, and emissions permitted
in existing structures should decline gradually according to a transparent

but ambitious schedule. Sales of emissions - heavy technology and
materials should be phased down according to that schedule.

DATA

Building owners must collect and share
emissions and retrofit data.

A national open-access database showing the impact of various retrofits
across all buildings types can help owners make capital plans to meet the

aforementioned standards. Governments at all levels should help share
the cost of the database.

PRICE

Utility commissions must send

the right price signals.

A national open-access database showing the impact of various retrofits
across all buildings types can help owners make capital plans to meet the

aforementioned standards. Governments at all levels should help share
the cost of the database.

RBC Climate Action Institute | High Rise, Low Carbon



REGULATIONS

Target affordability with mortgage insurance,
lending, and land-use regulations.

Ottawa should allow longer maximum amortization for insured green
mortgages and fund larger direct subsidies for low-income heat pump buyers.
Municipal governments should lower development charges and increase

allowed density for green buildings. Banks should study how lending criteria
can evolve to help homeowners afford more expensive green homes.

LOW CARBON

Municipalities should create low-carbon
design districts.

Designate areas, rather than specific sites, for low-carbon building types

(e.g, mass timber, innovative concrete, prefabricated homes) to rapidly
scale pilots.

LABOUR

Upskill workers, boost labour supply,

and adopt innovative new designs.

Unions and employers can collaborate to train workers in labour-saving

building methods. The federal government can better target immigration
policy to attract newcomers with the right building skills.

INNOVATION
Industry can partner to secure heat pump
innovation and supply.

Industry groups can target other cold countries to improve and lower the
costs of cold-climate heat pumps. Governments can support trade missions
and encourage domestic production of pumps and components, in part
through synergies with other existing Canadian manufacturers and innovators
(e.g, auto parts makers).

RBC Climate Action Institute | High Rise, Low Carbon
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Disclaimer

This article is intended as general information only and is not to be relied upon as constituting
legal, financial or other professional advice. A professional advisor should be consulted regarding
your specific situation. Information presented is believed to be factual and up-to-date but

we do not guarantee its accuracy and it should not be regarded as a complete analysis of the
subjects discussed. All expressions of opinion reflect the judgment of the authors as of the date
of publication and are subject to change. No endorsement of any third parties or their advice,
opinions, information, products or services is expressly given or implied by Royal Bank of Canada
or any of its affiliates.
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