LOW CARBON RESILIENCE INTERVENTIONS

LCR Report

Low Carbon
Resilience Interventions:
Case Studies at the Building,
Neighbourhood and Community Levels
OCTOBER 2019

1 | ACT

LOW CARBON RESILIENCE INTERVENTIONS

Background
A low carbon resilience (LCR) lens coordinates and mainstreams adaptation, mitigation, and co-benefit strategies into policy, planning and
implementation processes. Deborah Harford, Executive Director, ACT
(the Adaptation to Climate Change Team), in the Faculty of Environment
at SFU, and SFU Research Associate Dr. Alison Shaw, Principal,
FlipSide Sustainability, co-developed ICABCCI (Integrated Climate
Action for BC Communities Initiative) to produce action-based research
that supports local governments in implementing effective, streamlined
climate action. The research will be collated into guiding resources and
an LCR Framework for Climate Action, to be used by local governments
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List of Acronyms
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Available roof space

BIPV

Building integrated photovoltaics
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DCC
ECCC
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Climate Action Revenue Incentive Program
Development Cost Charge
Environment and Climate Change Canada
Electric vehicle

EVM

Electric vehicle for municipalities

FCM

Federation of Canadian Municipalities

GHG

Greenhouse gas

GMF

Green Municipal Fund

GTF

Gas Tax Fund

GVRF

Greater Vancouver Regional Fund

HELP

Home Energy Loan Program

LCEF

Low Carbon Economy Fund

LEED

Leadership in Environmental and Energy Design
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Local Improvement Charge

MCIP

Municipalities for Climate Innovation Program

PACE

Property Assessed Clean Energy

ROI

Return on investment

RTE

Revitalization Tax Exemption

SOV

Single occupancy vehicle

SRI

Solar radiance index

UHI

Urban heat island effect

ZEB

Zero emissions bus
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1. INTRODUCTION
Canadian local governments face a perfect storm of limited capacity, aging
infrastructure, and climate change impacts. Leaders and staff are experiencing increasing public pressure to ‘future-proof’ communities from the projected
impacts of dangerous climate change by both reducing emissions (mitigation) and preparing for impacts such as flooding, sea level rise, and heatwaves
(adaptation).
However, climate changes such as intense heat and increased flooding, and some of the potential
adaptation responses to them, can significantly reduce the effectiveness of emissions reduction planning if not taken into account. Likewise, clean energy, renewables infrastructure, and land/water use
planning designed to reduce emissions all have potential to contribute to or hinder the success of
adaptation actions. While mitigation and adaptation have often been planned separately, there are
therefore major benefits to integrating them, using a lens referred to as low carbon resilience, or LCR.
LCR approaches have the potential to streamline climate action resources, identify and align policy,
and pursue co-benefit opportunities. In short, applying an LCR lens on planning and decision-making across diverse sectors increases opportunities for achieving the transformative, systemic levels of
change needed in the 21st century (see Figure 1).
In order for local governments and professional practitioners to advance and apply LCR, they require
examples that illustrate its use in practice while considering barriers and opportunities that may influence uptake of these approaches. This set of case studies provides examples of LCR interventions
that have been applied in Canadian and international communities at the building, neighbourhood
and community levels, with details of the benefits for adaptation and mitigation, as well as co-benefits, funding and financing mechanisms, and key considerations on implementation.

Figure 1: Coordinating
adaptation and mitigation in
policy and planning prevents
contradiction and can lead to
co-benefit opportunities that
transition communities and
sectors toward sustainable
development.
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2. LCR CO-BENEFITS
Low carbon resilience (LCR) aims to coordinate and co-evaluate options and strategies for adaptation and mitigation (emissions reduction) in decision processes. Doing so in local government
contexts could streamline resources and capacity, mainstream climate action in a way that prevents
contradiction, and identify strategic co-benefits for health, infrastructure, equity and other municipal priorities. The multiplier benefits of climate action, or co-benefits, relate to pollution reduction,
enhancing human health, and ecosystem-based adaptations that enhance biodiversity. When evaluating emissions and vulnerability reduction at the same time, LCR interventions may span across
diverse local government and community priorities. For instance, incentivizing green roofs to combat
future projections of heat addresses many other priorities such as absorption of increases in rainfall,
improved air quality, and increased urban biodiversity.
The co-benefits legend (below) outlines multi-sectoral benefits that can be achieved by pursuing
LCR interventions, ranging from creating green jobs and increasing property values to saving costs
for local governments and localizing equity and public control. Embedding climate action does not
have to be a costly or burdensome endeavour. Instead, the legend showcases key opportunities
to ensure that it contributes to integrated, more internally consistent policy and planning at the
community scale. This illustrates how LCR interventions can provide value at different scales—the
building, neighborhood, and community scales—and span across diverse economic, environmental,
and social objectives.
The table on page seven identifies key co-benefits associated with the 14 LCR interventions outlined
in this report. Using the legend and symbols as a communications tool can help local governments
communicate the multiple benefits of taking integrated climate action, of directly responding to calls
for climate emergency planning, and of helping citizens associate climate policy and action with
positive local change.

2.1 Synergies and Co-benefits of an LCR Approach
Improved biodiversity

Cost savings

Local control of power

Energy savings

Job creation

Increased livability

Reduced waste

Improved human well-being

Reduced congestion

Improved water retention & absorption

Carbon sequestration

Reduced burden on grey infrastructure

Improved air/water quality

Reduced extreme temperatures

Pollutant capture

Improved equity/improvements for
vulnerable populations

Improved access to green space
and recreation

Promotes renewable
energy/technology
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Improved
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•
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•

•
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•

•
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•

•

•

•

•

•

•
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•
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•
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•

•
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access
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Reduced
congestion

•

•

•

•

Reduced
extreme
temperatures
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Neighborhood Level
Interventions

Building
Level Interventions

Intervention

Co-benefits

Reduced
burden on
grey infrastructure

2.2 Co-Benefits of LCR Interventions

LOW CARBON RESILIENCE INTERVENTIONS

3. BUILDING-LEVEL LCR
INTERVENTIONS
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3.1 GREEN ROOFS
•

Vegetated layers on top of buildings that replace traditional black rooftops.

•

Green roofs can take many forms. Intensive roofs are deeper, have multiple layers, and can house larger
vegetation. Extensive roofs are shallower and lighter, perfect for smaller types of vegetation. Other forms include
potted plants covering portions of the roof’s surface.

GHG Considerations

• Reduced energy consumption for heating, cooling, air conditioning, and
stormwater management. The City of Toronto estimates these savings at
1,000 megawatt hours per year.1
• Capacity to sequester carbon.

Climate Risks and Intervention
Benefits

• Excess stormwater: Improved absorption that reduces pressure on drainage systems and filters pollutants. For example, Toronto diverts about
11 million litres of water annually that translates into cost savings of
$100,000.1
• Urban heat island effect (UHI): Roofs absorb heat and cool through shading and evapotranspiration. Potential reduction of ambient air temperature
by 1.5°C.1,2
• Precipitation-related flood risks: Permeable surface that captures and
stores precipitation.
• Poor air quality: Added filtration of air pollution and improved overall air
quality, along with carbon sequestration.

Co-benefits

•
•
•
•
•
•
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Increased well-being through improved air quality and aesthetics.
Cost savings by reducing energy demand for air conditioning.
Opportunities for local food production and improved food security.
Increased biodiversity of plants, insects, and animals in urban areas.
Greater seismic resilience (in new buildings and retrofitted buildings).3
A longer lifespan than conventional roof: vegetation layer protects against
UV radiation and fluctuations in temperature, depending on climate and
weather; studies estimate a 40-year lifespan for green roofs, compared to a
17-year lifespan for conventional roofs.4, 5, 6
• Creation of green jobs in design and maintenance.

LOW CARBON RESILIENCE INTERVENTIONS

Financing Mechanisms

• Local bylaws: For example, Toronto’s Green Roof Bylaw requires 20%–60%
of roofs on new developments and additions greater than 20,000 m2 in
gross floor area to be green. Developers can install a green roof and receive
an incentive of $100/m2 or forgo installing a green roof and pay cash-in-lieu
of $200/m2. All funds collected in this case are directed into the Eco-Roof
Incentive Program.1
• Incentives/rebates: For example, Toronto’s Eco-Roof Incentive Program
offers rebates of up to $100,000 for greening roofs that do not fall under
the Green Roof Bylaw.1

Considerations

• Maintenance: depending on the type of roof (intensive vs. extensive), watering, weeding, and fertilization may be required. In Toronto, bylaws specify
that you cannot implement a green roof without a maintenance plan.1
• Higher initial costs: the capital outlay to install a green roof may be higher
than that required for a conventional roof, due to the need for lifting materials with cranes and higher labour, material, and insurance costs.7
• Roof weight load: an intensive roof with 8” of plantings and substrates
adds roughly 56 lbs/ft2 to dead load. An extensive roof with 4” of plantings
and substrates adds roughly 28 lbs/ft;2 both depend on how dry or saturated the roof is.7
• Plant/site selection: there is uncertainty surrounding the relationship
between the plants chosen (e.g., for aesthetics and climate) and their ability
to improve air/water quality and their thermal properties. Site-specific considerations needed.
• Life cycle considerations of building materials: recycled green roof
materials are suggested as a solution to decrease associated negative
environmental impacts.8 Lightweight, low-density building materials like
polyethylene and polypropylene have high negative externalities, although
these impacts are estimated to be balanced by a green roof’s sequestration
capacity within 13–23 years.
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CASE STUDIES
City of Toronto’s Green Roof Bylaw
In 2009, Toronto became the first city in North America to adopt a bylaw
requiring green roofs on new developments; today, Toronto’s bylaw is
considered the gold standard for green roofs. In addition to the bylaw,
an incentive program encourages the creation of green roofs on existing
buildings. These policies were largely developed in response to concerns
about rising temperatures and increasing precipitation events’ impact
on stormwater. The bylaw outlines clear guidelines and requirements for
new developments greater than 2,000 m2 and mandates green coverage
of 20%–60% of the available roof space.1 The Eco-Roof Incentive
Program subsidizes half the cost of green roofs to developers who pay
$100/m2 for green roof projects,1 but, to ensure flexibility, developers can
pay $200/m2 as cash-in-lieu to forgo installing one.1 The funds collected
from this latter option directly support the incentive program.

City of Montreal’s IGA extra Famille Duchemin Grocery Store
Photo Credit: Michelle Adelman

Photo Credit: Maxime Albors
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In 2017, the IGA extra Famille Duchemin grocery store in the SaintLaurent borough of Montreal installed a 25,000 sq ft green roof that is
used to grow more than 30 different types of organic vegetables that
are sold in the grocery store below. The green roof reduces energy
consumption, the garden is irrigated with water from the store’s
dehumidification system, and birds and insects have adopted the roof
as their new habitat. The project was developed in response to a bylaw
that requires flat and low-pitched roofs to be built as either green or
white roofs or with solar reflective materials, to reduce urban heat. Both
the building and maintenance of the green roof were implemented in
partnership with a local company and resulted in the creation of green
jobs.
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ENDNOTES
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3.2 COOL ROOFS
•

Roof surfaces covered with white paint or other materials and coatings to reflect the sun’s rays.

•

Up to 90% of sunlight is reflected, compared to approximately 20% from traditional black roofs.9

•

Toronto’s Green Roof Bylaw mandates cool roofs with a minimum solar reflectance index (SRI) of 78.1

•

Also known as white roofs.

GHG Considerations

• Increased energy savings from reduced demand for air conditioning
• GHG offset compared to conventional roofing

Climate Risks and Intervention
Benefits

• Extreme heat and urban heat island (UHI) effect: The high albedo of the
cool roof reflects heat back into the atmosphere, in contrast to the heat
absorption of traditional roofs.10

Co-benefits

• Improved air quality from lowered ambient air temperature and reduced
concentrations of photochemically generated ozone (smog).11
• Reduced solar radiation absorption contributes to extended lives of roofs,
reducing roofing waste.
• Creation of green jobs.

Financing Mechanisms

• Incentives/rebates: For example, the City of Toronto’s Eco-Roof Incentive
Program promotes cool roof retrofit projects, offering grants of $2/m2 for a
cool roof coating over an existing roof and $5/m2 for cool roofs with a new
membrane, up to $50,000.1 In accordance with the Green Roof Bylaw, cool
roofs are eligible for funding based on their correspondence to the available
roof space (ARS).12 Under the bylaw, cool roofs must meet an ARS between
20-60%, depending on the gross floor area of the building.12
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Considerations

• Climate-, location-, and elevation-dependent: in colder areas, white roofs
have been shown to create a heat penalty, whereby the lower heat absorption of white roofs can increase the heat energy requirement in winter.13
This penalty is likely to reduce as the climate warms over time.
• Lack of effect on and uncertainty regarding the UHI: cool roofs reduce
local UHI but are only useful during sunny days and are ineffective at reducing temperatures during the night.13 There is uncertainty regarding the
albedo effects of cool roofs at scale in terms of actually reducing global
temperatures.14,15
• Potential negative impacts on local GHG reduction: cool roofs may influence precipitation and aerosol forcing on large scales, reducing local
efficacy as GHG reduction tool.15
• Environmental effects of materials: materials used to create the paint and
emulsions can have high negative externalities.
• Reduced efficacy in small and medium communities: cool roofs work best
in densely concentrated, highly urbanized areas where the UHI is more of a
pressing concern.
• Uncertainty of impacts on airflow: localized airflow may be influenced by
cool roofs, but there is uncertainty regarding the impacts of such changes
on the surrounding environment.16
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CASE STUDIES
New York City’s CoolRoofs Initiative

Photo Credit: Matt Rourke

In a 2011 amendment, New York City integrated requirements for white
roofs into its building code.17 Since that time, more than 9.2 million sq ft
of tar roofs have been painted white.17 New York has a goal of painting
1 million sq ft of roofs annually and works with the CoolRoofs program
to employ and train people who may otherwise be unemployed. The
program has been widely successful; New York City staff report that for
every 2,500 sq ft of painted roof the city’s carbon footprint falls by one
tonne of emissions.18

City of Los Angeles’ Cool Pavement Program

Photo Credit: Los Angeles Bureau of Street Services
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In the sprawling metropolis of Los Angeles, highways occupy a
significant part of the urban footprint. Pavement absorbs between 80%–
95% of solar radiation, significantly altering the temperature of the urban
environment. To combat this problem and reduce urban temperatures,
the City of Los Angeles Bureau of Street Services has tested a product
called CoolSeal, an off-white, water-based emulsion that, when applied
to the streets, reflects rather than absorbs solar radiation. The product
has been piloted and passed both durability and wet-road skid tests.
So far, experimental sites have been spread throughout each Los
Angeles city council district, with plans for the product to become the
maintenance practice for 10,000 miles (16, 093 km) of Los Angeles city
streets.19
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3.3 SOLAR PANELS AND SOLAR ROOFS
•

Roof-mounted photovoltaic cells are a source of on-site energy generation that harnesses the sun for energy
needs, either directly as heat (to warm water) or as electricity.20

•

Building-integrated photovoltaics (BIPV) is a method that integrates photovoltaic modules into the external
material of the building, such as tiles and shingles.

•

BIPV energy acquisition is more flexible than regular solar panels (can be used on balustrades and balconies),
acts as a form of thermal insulation, and protects against lightning.21

•

BIPV is becoming widespread.

GHG Considerations

• Reduced emissions related to energy consumption. For example, in California,
the installation of 113,533 household solar systems has reduced CO2 emissions
by 696,544 metric tons.22

• Reduces emissions related to the transportation cost of fuel.

Climate Risks and Intervention
Benefits

• Disruptions to energy access related to extreme events: Improved resilience for
both individual homeowners and communities through access to a reliable, low
GHG energy source during power outages, including those caused by extreme
weather events that may be exacerbated by climate change, such as storms,
wildfires, and flooding.

Co-benefits

• Cost savings and rebates associated with captured energy.
• Return on investment (ROI) is significant given rising costs of energy.
• Creation of green jobs.
• Response to demand for alternative energy solutions and localized sources of
power.
• Improved water security; less water is used for energy generation.
• Reduces by-products and wastes from fossil fuel consumption and does not
contribute to water/land pollution (although life cycle costs must be considered).
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Financing Mechanisms

• Development cost charge (DCC) reductions and revitalization tax exemptions
(RTEs): For example, the District of Sooke’s Town Centre Revitalization Bylaw
passed in 2009 offers cost savings in new developments with renewable energy
generation or LEED certification.23
• Local improvement charge (LIC) financing: Municipality/province provides
low interest loans to homeowners for home retrofits for energy efficiency and/
or renewable energy, which are paid back via utility bills or property taxes.
Examples include Property Assessed Clean Energy loans (PACE) or Home
Energy Loan Programs (HELPs). Retrofitting can help decrease the building load
on energy systems.
• Grants/contribution programs: Federal or provincial grants can partially or fully
cover the costs of renewable energy generation systems such as solar panels
(e.g., Community Energy Leadership Program (BC), Natural Resources Canada’s
Clean Energy for Rural and Remote Communities Program).
• Purchase Power Agreements (PPAs): Municipal governments, companies, or
institutions use third party PPAs to buy renewable energy directly. Power may
be directly purchased from project developers, can come from companies and
institutions that join together to collectively purchase renewable energy, or may
be financed through a ‘virtual PPA’ in which no physical energy is exchanged,
but the individual, government, or institution agrees to purchase a specific
amount of renewable energy each year to finance the project.24
• Solar Leasing: Companies like Sunrun and Sungevity enable customers to install
solar panels directly on their property or adjacent land with little upfront cost
using a variety of leasing options.24

19 | ACT

LOW CARBON RESILIENCE INTERVENTIONS

Considerations

• In December 2018, the California Building Standards Commission signed off on
a plan that mandates that new buildings must incorporate solar power beginning in 2020. The plan specifies that all new buildings less than three storeys
high must have solar panels sized to ensure they provide the net kilowatt/hour
energy usage of the building. The new building codes also push for demand-response battery technologies and are expected to cut energy use by 50% while
saving residents an average of $40/month.29Intermittency: sunshine is neither
constant nor present at night.
• Storage: batteries are needed to store energy and storage capacity must
be considered. Further, consider lifecycle costs to the environment through
extraction of resources such as rare earths.
• Cost uncertainty: up-front panel price, battery expenses, integration of photovoltaic cells, and available space must be considered in addition to lifecycle
costs (e.g. transport, installation, maintenance).25,26
• Location-specific: solar panels are stationary; site selection is important.
• Support: need for policy and public support in order to implement, especially in
building standards.
• Social and institutional changes: support is shifting to smaller and more decentralized forms of energy production.20
• Smoke and aerosols: airborne particulates from wildfires may inhibit solar panel
power uptake.
• Risk of damage: panels may be damaged by severe storms and heavy snow
loads, and may not operate as efficiently in extreme heat.
• Diversification: diversity in the renewable energy realm complements resilience.
Can also consider alternatives such as on/offshore wind power and hydropower
along with solar power.
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CASE STUDIES
City of Halifax’s Solar City Program
The City of Halifax is an example of using LIC financing to fund property
owners in the process of installing solar energy systems on their
property. Residents may choose LIC solar financing to offset high capital
costs, access support and technology to ensure their solar program
is correct for their energy consumption needs, and to save costs over
a period of time. Property owners can choose from one or all solar
technologies offered and are given an estimated cost and savings over
a number of years. For example, solar photovoltaic has a system cost
of $20,000 and estimated savings of $57,000 over 25 years (additional
energy can be sold to Nova Scotia Power), solar hot air has a system
cost of $4,000 and estimated savings of $6,000 over 15 years, and
solar hot water has a system cost of $9,000 with estimated savings of
$20,000 over 25 years.27

Photo Credit: Solar City Solutions

India’s Canal-Top Solar Panels
In the western state of Gujarat, India, canal-top solar panels tackle
numerous issues. Building the panels on top of canals reduces use of
land (satisfying the Land Acquisition, Resettlement, and Rehabilitation
Act of 2013), acts as a tool for reducing evaporation, and contributes
to solar energy generation. Solar panels are less efficient when they
are too hot, resulting in an average 10-15% energy loss, and the water
underneath the panels works to help keep the panels cooler. The cooling
effect of the water also results in lower panel degradation. The solar
park is built across 3.6 km of irrigated land and has 33,800 panels. It
is expected to generate 1.6 million units of energy (2,400 MW) while
preventing the evaporation of two billion litres of water annually.28

Photo Credit: Akshay Urja

California’s Solar Mandates
In December 2018, the California Building Standards Commission signed
off on a plan that mandates that new buildings must incorporate solar
power beginning in 2020. The plan specifies that all new buildings less
than three storeys high must have solar panels sized to ensure they
provide the net kilowatt/hour energy usage of the building. The new
building codes also push for demand-response battery technologies
and are expected to cut energy use by 50% while saving residents an
average of $40/month.29
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3.4 TELEWORKING/TELECOMMUTING
•

Teleworking or telecommuting policies support employees to work from home.

•

Working from home reduces greenhouse gas emissions created by commuting to offices and has been shown to
improve individuals’ health.

•

Estimates, based on a half-hour commute each way to work, show that we spend the equivalent of six work
weeks per year commuting.

GHG Considerations

• Reduced emissions from transportation, congestion, and idling time. For
example, in the City of Montreal it was estimated that teleworking twice a
week by solo commuters could reduce annual GHG emissions by 2.1 million
tonnes annually, the equivalent of removing 385,000 cars from the road
each year.30

Climate Risks and Intervention
Benefits

• Respiratory and health impacts: Tailpipe emissions contribute to ground
level ozone in extreme heat conditions, adding to major health impacts
through respiratory damage. This is especially important as summer air
quality may also be polluted by wildfire smoke, compounding health risks.

Co-benefits

• Improved physical and mental well-being.
• Greater flexibility and autonomy for employees, leading to improved worker
productivity.
• Reduced managerial and infrastructure costs.
• Improved employment opportunities for persons with disabilities and/or
those living in rural areas.
• Fewer vehicular accidents, quicker emergency responses, and reduced costs
to health care and insurance systems.
• Reduced commuting outside in poor air quality days, extreme temperature
days, and in extreme storms and weather events.

Financing Mechanisms

• Grant/contribution funding: Workshift Calgary received $800,000 in federal
funding from Workshift Canada to partner with industry to promote teleworking tools and resources.31

Considerations

• Sector and job specificity required: not suitable/feasible for all jobs.
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CASE STUDY
City of Calgary’s WORKshift Policies
The City of Calgary focused on promoting telework as one of its key
environmental priorities in order to reduce the city’s carbon footprint and
improve air quality. The City has policies in place to support its employees
to coordinate a teleworking arrangement with their manager. Calgary
also works with a local company to support employers in planning,
designing, and implementing teleworking programs.31

ENDNOTES
30 Lister, K. & Harnish, T. (2011). WORKshift Canada: The bottom line on telework.
Retrieved from: https://www.calgaryeconomicdevelopment.com/sites/default/files/pdf/
Telework_Canada_Final.pdf

Photo Credit: Mario Anzuoni

24 | ACT

31 Calgary Economic Development. (2011). 2011 Annual Report. Retrieved from: file:///
Users/kaciatolsma/Downloads/CED-2011AnnualReport.pdf

LOW CARBON RESILIENCE INTERVENTIONS

3.5 ALTERNATIVE COOLING MECHANISMS FOR BUILDINGS
•

Traditional cooling mechanisms like air conditioning are typically emissions intensive.

•

Viable cooling alternatives exist, including improved building weatherization, evaporative cooling technologies,
increasing air circulation, envelope tightening, and cooling external spaces with shade trees and other vegetation.

GHG Considerations

• Lower emissions than air conditioning.

Climate Risks and Intervention
Benefits

• Rising temperatures and increasing frequency of extreme heat events:
Energy-sensitive cooling alternatives are needed, especially as the number of
warmer days is expected to increase. Alternative cooling techniques such as
shading, planting vegetation, and passive designs, including building orientation, can all minimize the impacts of warming temperatures. Envelope tightening
can enhance the number of hours a building is able to stay either cool or hot,
reducing energy consumption.32

Co-benefits

• Reduced burden on power grids.
• Passive design can contribute to energy savings.
• Reduced costs.
• Improved health, especially for vulnerable populations.
• Urban design that builds in functional cooling and aesthetics will increase
well-being.

Financing Mechanisms

Financing for these approaches is likely to be indirect, for instance through neighbourhood greening projects.

Considerations

• Canopy: When using shade from urban trees as a cooling technique, it is crucial to ensure that trees are not creating such a dense canopy that ground-level
sources of pollutants become trapped.33
• Envelope tightening may have negative impacts: it is important to calculate
and ensure the amount of fresh air needed according to climate, size of space,
number of occupants, and the use of the space.34 This approach could also lead
to air escaping through roofs.34
• Geothermal imaging: can be used to find gaps in building envelope.34
• Backdrafting potential: from CO2 from combustion appliances.34
• Moisture: in a tightened envelope, moisture from outside air, showers, cooking, and plumbing leaks can be trapped, resulting in excess moisture that can
increase the presence of mold, leading to asthma and allergies.
• Allergens: tightening the envelope can increase the presence of dust mites and
vermin.34
• Evaporative cooling technology has potential to be water intensive: this
depends on the temperature, humidity, and source of the airflow.35,36
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CASE STUDY
City of Boston’s Climate Change Preparedness and
Resiliency Checklist
The City of Boston developed its Climate Change Preparedness and
Resiliency Checklist as a mandatory tool for developers to assess how
they are adapting to climate change. A key aspect of the checklist is heat
reduction, and projects must identify the strategies they are using to reduce
the risks of extreme heat. A key method some Boston developers have used
is ‘smart buildings,’ an approach that uses technology to integrate heating,
ventilation, lighting, water, and fire systems in order to achieve greater
energy efficiency and synergize ventilation and cooling opportunities.37
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4. NEIGHBOURHOOD-LEVEL
LCR INTERVENTIONS
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4.1 RAIN GARDENS
•

Rain gardens are small naturalized areas that can be installed on private or public property.

•

Designed to manage rainfall by providing infiltration opportunities that minimize and/or slow the entry of rainfall
into conventional stormwater infrastructure or natural water bodies.

GHG Considerations

• Fewer embedded construction and maintenance emissions.
Conventional stormwater management alternatives like rain garden systems are found to emit only 5% of the CO2 of an equivalent combined
sewer system.38
• Sequesters varying amounts of carbon and reduces the need for potentially
emissions-intensive stormwater pumping and filtration.38

Climate Risks and Intervention
Benefits

• Excess stormwater: Permeable surfaces improve absorption, slowing the
rate and flow of overland water, and reduce pressure on aging sewer and
drainage infrastructure, along with filtration of pollutants. Benefits can be
maximized through installation of many rain gardens in an area.
• Higher temperatures and the urban heat island (UHI) effect: Cooling
through evapotranspiration and the presence of green space and shade.
• Water scarcity: Greater absorption benefits groundwater recharge.

Co-benefits

•
•
•
•
•
•
•
•

Financing Mechanisms

• Stormwater user fees: Create incentives for property-level adaptation
actions (such as rain gardens, water cisterns, or permeable surfaces) that
reduce stormwater runoff. Credit or rebate programs provide additional
incentives for property owners to reduce runoff.
• Development cost charge (DCC) reductions or revitalization tax exemptions (RTEs): For new developments that employ green infrastructure
practices such as rain gardens (local government examples include Sooke
and Penticton RTEs, Gibsons and Ucluelet DCC reductions).
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Improved water filtration and pollutant capture.
Delays the need to upgrade grey drainage infrastructure.
Cheaper to install, maintain, and replace than grey infrastructure.
Increased biodiversity of plants, insects, and animals.
Improved recreational spaces and health outcomes.
Rain gardens improve as they mature and become established.
Property values benefit from proximity to green space.
Can be deployed in low income neighbourhoods lacking in green space.
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Considerations

• Requires urban space: urban green infrastructure approaches designed to
reduce flood damage and the UHI effect tend to require more urban space
than traditional grey infrastructure. These requirements can conflict with
policies such as densification mandates.39
• Requires site-specific analysis: prior to implementation, sites need to be
evaluated. Most risks related to installation can be mitigated by ensuring
that a site-specific analysis has been done, and the site is in compliance
with local guidelines. For example, ensuring that appropriate materials,
vegetation, and soils are used to reduce erosion risk; ensuring the site is not
on a slope of more than 8:1 (horizontal:vertical); and ensuring the site is an
appropriate distance from buildings.40
• Absorption capacity is limited: rain gardens address site-specific flooding
issues but are likely not effective responses to severe flooding or extreme
weather events, as absorption capacity is limited.
• May concentrate pollutants such as heavy metals in runoff: although this
is not a persistent problem, rain gardens are sometimes not suitable habitat for amphibians. However, if rain gardens rim a parking lot, they can
capture heavy metal pollutants before they run off into amphibian habitats.
The Center for Watershed Protection estimates phosphorus removal rate of
20%–25% and nitrogen removal rate of between 40%–60%.41
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CASE STUDIES
City of Victoria’s Stormwater Runoff Utility Bills
The City of Victoria has developed a new utility bill approach wherein
property owners are charged based on how much runoff is expected
from their property. Through the associated Rainwater Rewards
Program, residents are offered financial rewards to install rain gardens
and other types of landscaping that absorb stormwater; residents
who install accepted rainwater management methods are eligible for
rebates on their stormwater utility bill. As a part of this program, the
City has developed rainwater management standards for different
property types.42

Portland’s Downspout Disconnection Program

Photo Credit: Waterbucket.ca
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Between 1993 and 2011, Portland incentivized residents to disconnect
their downspouts to reduce excess rainwater from spilling onto
impervious surfaces that lead to overland flooding, and to reduce
pollutant loads. For each disconnected spout, the City paid residents
$53 to disconnect on their own or offered to do the disconnection
for free. The water from disconnected downspouts is directed into
permeable rain gardens, swales, cisterns, yards, or stormwater planters.
A total of 44,000 downspouts are estimated to have been disconnected
during this time, resulting in reduced flooding of the Willamette River
and removal of one billion gallons of water from the combined sewage
system during that period of time. These water savings translate into
energy savings, reduced flooding hazards, and improved habitats
and ecosystems through reduced presence of pollutants in runoff and
contribution to natural hydrological networks.43
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4.2 GREEN FLEETS
•

Municipal vehicles that run on alternative energy sources such as electricity, compressed natural gas, or
renewable diesel fuel.

•

Green fleet plans are being adopted by cities as tools to limit their carbon footprint and improve service quality.

GHG Considerations

• Reduced fleet tailpipe emissions.

Climate Risks and Intervention
Benefits

• Respiratory and health risks: Air pollution and ground-level ozone (which is
partly caused by tailpipe emissions during periods of high heat) are reduced
when gas-powered vehicles are replaced with zero-/low-emissions vehicles
(ZEVs). This is especially important as summer air quality may also be polluted by wildfire smoke, compounding health risks.

Co-benefits

• Cost savings on gasoline.
• Reduced pollution and improved air quality overall.

Financing Mechanisms

• Grants/contributions: Federal electric vehicle (EV) incentives.
• Provincial grant: For example, Alberta Electric Vehicles for Municipalities
(EVM) program provides funding for transition of municipal fleets to EVs.

Considerations

• Restricted presence to date of charging infrastructure: this reduces
the efficacy and mobility of the fleet, but is likely to improve as uptake
increases.44
• Range and speed: range of the fleet may be limited depending on models
selected. Consider the speed of charge and the time necessary to achieve
full charge.44
• A function efficiency: both the local grid’s efficiency and the EV’s efficiency.
If EVs are connected to a grid fuelled by fossil fuels, they are still producing
emissions, and they are highly resource-and emissions-intensive to produce.
For example, EVs charged in Alberta are more emissions-intensive than BC
EVs because they will be powered by coal vs. hydroelectricity, respectively.45
• Mining: required to extract resources required for EV batteries. Mining for
the EV sector is affecting ecosystem health, water quality, species at risk,
and subsistence farmers in source countries and may contribute to ecosystem degradation that exacerbates global climate change.
• Recycling: no efficient recycling yet available for EV batteries.
• Proactive procurement: leadership can help to mobilize the low carbon
transition, bringing prices down.
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CASE STUDIES
City of Vancouver’s Green Fleet
The City of Vancouver has an extensive green fleet plan that aims to
reduce fleet emissions by 50% of 2007 levels by 2019 and 60% by
2021, and aims for 100% renewable energy by 2050. By 2023, all nonemergency city fleets will be transitioned to zero-emissions vehicles. The
City is implementing this plan through a multi-pronged approach. In 2018,
the City shifted to 100% renewable diesel to fuel 55% of its fleet and uses
compressed natural gas; Vancouver also uses compressed natural gas for
a number of larger vehicles in the fleet and now has over 100 fully electric
and over 50 hybrid vehicles in its fleet. Beyond addressing emissions from
the vehicles themselves, the City has also implemented an efficient driving
practices plan that aims to reduce vehicle idling and wasteful fuel use.
This plan involved installing GPS and telematics systems in City vehicles
in order to optimize routes and identify other fuel reduction strategies.46

Photo credit: Christie Smith

City of Guelph’s Green Fleet and Car Sharing
The City of Guelph has had green fleet policies since 2008 and is moving
toward electrifying its fleet. The current fleet accounts for approximately
28% of the City’s energy consumption and 66% of the City’s total
greenhouse gas emissions, so there is strong interest in switching to EVs
or hybrid vehicles. In addition to electrifying the fleet, Guelph is reviewing
the possibility of introducing an electric car share program, which would
reduce emissions further.47

ENDNOTES
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4.3 GREEN PUBLIC TRANSPORTATION
•

Green public transportation networks include trains, trams, and buses using electricity and other renewable
sources of energy, like biofuel, aiming for zero to low emissions.

•

Green networks are supported by other types of green or active transportation like biking and walking.

GHG Considerations

• Reduces emissions from single-occupancy vehicle (SOV) commutes.
• Densification strategies in land use planning contributes to energy and
water efficiencies.
• Minimizes emissions-intensive road and highway expansion.

Climate Risks and Intervention
Benefits

• Overall resilience-building to multiple risks: alternative transportation
planning contributes to optimal community planning objectives, including
adaptive capacity, emergency preparedness, and mobility equity.
• Respiratory and health risks: air pollution and ground-level ozone (major
risks during extreme heat events and exacerbated by wildfire smoke) are
reduced when gas-powered vehicles are replaced with zero-/low-emissions
vehicles.

Co-benefits

• Improves physical health; healthier populations are more resilient and
less vulnerable.
• Reduces traffic congestion and improves air quality.
• Contributes to public services and spaces in a community as well as property values, which benefit from proximity to transit access.
• Household cost savings as gas, parking, and insurance prices rise.
• Quieter than diesel buses.
• Potential to transform spaces traditionally used as parking lots into blue/
green infrastructure. This will influence permeability and air quality, benefit
species survival, potentially contribute to urban food production, and help
reduce vulnerability to flooding and the UHI.
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Financing Mechanisms

• Green/climate bonds: for example, in 2018 the City of Vancouver used an
$85 million green bond to finance green public transportation initiatives.
• Federal/regional Gas Tax funding (GTF): for example, the Greater
Vancouver Regional Fund pools 95% of Metro Vancouver’s and its member
municipality’s per capita GTF allocation to support regional projects proposed by Translink.48 Another example is the Metro Vancouver Regional Gas
Tax, which supported a 1.5¢ increase (from 17¢ to 18.5¢/litre) in September
2018 to fund the Broadway Subway extension.
• Carbon revenues: grants like BC’s Climate Action Revenue Incentive
Program (CARIP) support eligible local governments to receive a grant equal
to 100% of the carbon tax paid as a direct expenditure.49 Other notable
examples include Alberta Climate Leadership Plan Grants and the Quebec
Green Fund.
• User pays: tolls on roads to fund public transit/decrease fees for public
transit.

Considerations

• Fuel tax increases can be regressive: taxes can have a greater impact on
lower income households and benefits can be unevenly distributed (e.g.,
some neighbourhoods do not receive public transit improvements).
• Charging: challenges related to charging may limit the ability and range of
electric buses; infrastructure changes will be required to more fluidly incorporate electric buses.50
• High initial costs: expected to decrease as electric buses become
standard.50
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CASE STUDIES
City of Shenzhen’s Alternative Buses

Photo credit: Alysha Webb

This case study illustrates barriers faced when implementing a green
fleet and offers best practices for cities looking to transition towards
green urban transportation. Following massive population growth
and the associated demand for urban transportation, the City of
Shenzhen, China has increased both subway lines (from 22 km in
2005 to 177 km in 2015 for an overall total 284 km) and the number
and type of alternative buses (from 8,403 buses in 2005 to 15,120
buses in 2015) on the road. Although public transportation initially
became a solution for challenges of congestion and emissions, other
issues such as noise, air quality, and public health emerged. To deal
with these challenges and focus on reducing emissions, Shenzhen
launched a large-scale application of alternative energy buses,
succeeding in implementing a 100% hybrid/electric bus fleet in 2017.
At the time of initial implementation, emissions from the alternative
energy fleet were higher than the conventional fleet; this gain was
attributed to technical issues, including the batteries and motors
(electric control technology is still early in its development), high
frequency of battery failure, lack of electric charging stations, and
poor mileage. However, technology is rapidly developing. A moderate
and an optimistic scenario respectively show carbon emission
reductions of 42% and 50% over the current business-as-usual
scenario by 2030.51

City of Toronto Zero-Emissions Buses
Zero-emissions buses (ZEBs) provide multiple benefits for
communities. First, the buses benefit urban air quality by reducing
carbon dioxide, nitrogen oxide, and particulates from the air. Second,
they are more quiet than traditional buses, creating more pleasant
urban areas. Although many cities like Vancouver have trolley buses,
ZEBs with advanced lithium-ion batteries have larger storage, so they
can travel for up to 300 km without wires or charging. In Toronto, the
goal is to reach 100% zero emissions in the bus fleet by 2038–2042.
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4.4 MICROGRIDS
•

Local energy subsystems that can operate autonomously from the general grid.

•

Microgrids connect locally-produced energy directly to a small subset of users.

•

Grids can use various renewable energy sources such as solar, wind, hydro, and biomass.

•

Effective tool for linking renewable energy to homes, businesses, and other buildings.

GHG Considerations

• Renewable energy offsets non-renewable fuel sources, significantly reducing emissions.

Climate Risks and Intervention
Benefits

• Disruptions to energy access related to extreme events: Improved resilience for neighbourhoods and health facilities through access to reliable,
low GHG energy sources during power outages, including those caused by
extreme weather events that may be exacerbated by climate change, such
as storms, wildfires, and flooding.

Co-benefits

• Local control of power.
• Increased energy independence and resilience, especially during transmission disruption and as society decarbonizes.
• Increased information about power demand and production.
• Opportunity to use flexible fee structures.
• Creates green jobs.

Financing Mechanisms

• LIC financing (property-level incentive): Municipality/province provides
low interest loans to homeowners for home retrofits for energy efficiency
and/or /renewable energy, and is paid back with utility bill or property tax.
Examples include Property Assessed Clean Energy loans (PACE) and Home
Energy Loan Programs (HELPs).
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Considerations

• Remote community considerations: these include reaching electrical
capacity limits, lack of community funding to increase capacity, accessibility issues (e.g., winter roads, planes), lack of local technical experts, and the
need for whole community engagement.52
• Demand management: uncertainty regarding how this will influence usage.
• Connection: to main grid or not?
• Legality: uncertainty regarding how microgrids fit into existing legal frameworks and regulations.53
• Erosion of traditional regulatory base: with deregulation may come the
erosion of the traditional regulatory base that has helped pay for and provide utility infrastructure.53
• Other project types: these may be more desirable for consumers (e.g.,
smart super grids and virtual power plants).53
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CASE STUDIES
The Brooklyn Microgrid Project
In Brooklyn, residents use microgrids to buy and sell solar power to each
other in a locally-produced peer-to-peer energy marketplace. ‘Prosumers’,
i.e., those with solar panels and excess energy, sell to local neighborhood
consumers in almost real time. The process is facilitated through the Exergy
platform, a permissioned data platform derived from blockchain technology
that creates a local energy marketplace that citizens use to trade energy
across grid infrastructure. A distributed operator system uses price as proxy
to manage energy use and demand and load balancing. Not only is the
renewable energy locally produced, but it can also be stored for later use.
Consumers also have access to EV charging stations when they have a
surplus of energy.54

Microgrid Project in Hartley Bay, BC
Photo Credit: Powertechnology.com

In 2008–2009, the Village of Hartley Bay and the Gitga’at First Nation
optimized their energy network by transitioning from complete diesel
dependence to a smart microgrid system. The system manages all aspects of
the electrical network by installing a wireless network of smart metres, using
precision fuel-flow sensors installed on diesel generators, and by monitoring
their diesel use in real time via an energy management information system
(EMIS). A demand-response system has been implemented that optimizes
diesel dispatch during peak periods, both avoiding the dispatch of the most
inefficient 210 kW generator (switching instead to the 420kW generator)
and reducing the overall inefficiency of the system. The Nation has also
undertaken lighting, heating, and HVAC retrofits and has hired local energy
coordinators to manage projects and engage with the community. Through
these initiatives the community has been able to reduce their maximum
demand by 15% (61.3 kW/hr) and save up to 77,000 litres of diesel
annually.55

Alaska’s Microgrid Projects

Photo Credit: Sam Christopher Pollon
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Many communities in Alaska are remote and vulnerable to extreme weather
events, as well as ice-road melt. Large-scale electrical grids are not feasible
and the communities have historically relied on diesel; however, this is an
expensive, emissions-intensive form of energy, and access to diesel supplies
may be interrupted during storms or due to ice-road melt, both of which are
becoming more prevalent with climate change. Many communities are now
transitioning to the more cost-effective and environmentally friendly power
offered by renewable energy–based microgrids, and the state government
has invested over $250 million in their development.56
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ENDNOTES
52 Cañizares, C. (n.d.) Remote microgrids in Canada. Retrieved from: https://building-microgrid.lbl.gov/sites/all/files/santiago_canizares.pdf
53 Hirsch, A., Parag, Y., & Guerrero, J. (2018). Microgrids: A review of technologies, key
drivers, and outstanding issues. Renewable and Sustainable Energy Reviews, 90, 403–411.
https://doi.org/10.1016/j.rser.2018.03.040
54 Brooklyn Microgrid. (2019). Brooklyn Microgrid. https://www.brooklyn.energy/
55 Natural Resources Canada. (n.d.). The First Canadian Smart Remote Microgrid:
Hartley Bay, B.C. Retrieved from: https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/
canmetenergy/files/pubs/2013-035_en.pdf
56 GRID Modernization Laboratory Consortium. (2017). Alaska Microgrid Project. Retrieved
from: https://gmlc.doe.gov/sites/default/files/resources/1.3.21_Alaska%20Microgrid%20
Partnership_Fact%20Sheet_rev2.pdf
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5. COMMUNITY-LEVEL LCR
INTERVENTIONS

42 | ACT

LOW CARBON RESILIENCE INTERVENTIONS

5.1 ENERGY COGENERATION
•

Cogeneration (combined heat and power), also known as recycled energy, is the combined production of power
with the recovery and use of heat. Lost heat from exhaust gases is captured and used to provide heat and hot
water to buildings.57

•

Cogeneration enables the use of heat that would otherwise be wasted, and results in efficiency rates of up to
50%–70% higher than single-generation facilities.

•

A variety of sources can be used; for example, in the City of Vancouver, cogeneration is derived from waste
sewage and renewable natural gas.58

GHG Considerations

• Emissions reduction through utilization of waste heat and a closed loop
system.

Climate Risks and Intervention
Benefits

• Disruptions to energy access related to extreme events: Improved resilience through access to reliable, low GHG energy sources during power
outages, including those caused by extreme weather events that may be
exacerbated by climate change, such as storms, wildfires, and flooding.

Co-benefits

• Local control of power.
• Increased resilience.
• Cost savings.

Financing Mechanisms

• Green/climate bonds: For example, in 2018 the City of Vancouver used
an $85 million green bond to finance the expansion of False Creek
Neighbourhood Energy Utility (a waste heat recovery system), among other
projects.
• Federal climate change mitigation grants and contributions programs: Notable grants and programs include the Federation of Canadian
Municipalities (FCM) Municipalities for Climate Innovation Program (MCIP),
Green Municipal Fund (GMF); Environmental and Climate Change Canada
(ECCC) Low Carbon Economy Fund (LCEF).

Considerations

• Niche: only suitable when continuous demand of hot water and heat is
needed on site.57
• High initial cost.
• Efficient way to extend the life cycle of emissions: however, extending the life
cycle of GHG-producing processes may thwart the motivation to replace with
sustainable energy.57
• Unsustainable in the long term: cogeneration is reliant on waste heat from
emissions-intensive infrastructure or waste, especially unsustainable if wastes
are coming from a non-renewable source.
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CASE STUDIES
City of Vancouver’s Southeast False Creek Neighbourhood
Energy Utility

Photo credit: City of Vancouver

The Southeast False Creek Neighbourhood Energy Utility began operating in
2010 and provides space heating and hot water to 395,000 m2 (4,300,000
ft2) of residential, commercial, and institutional space. The utility uses waste
thermal energy captured from sewage to provide space heating and hot
water to buildings. The cogeneration model eliminates more than 60% of the
greenhouse gas pollution associated with heating buildings. In addition, the
utility is self-funded as it provides a return on investment to city taxpayers
while at the same time providing affordable rates to customers.59

City of Copenhagen’s Avadøre Power Station
The Avedøre Power Station is considered one of the world’s most efficient
energy systems. The station creates electricity from multiple fuel sources and
converts the excess heat from the energy production into district heating
systems. The previous Avedøre Power Station relied on coal or oil, but the new
unit operates largely as a biomass burner, with plans to transition to 100%
biomass by 2027. The power station’s roof doubles as both a ski hill in the
winter and a hiking trail in the summer.60

ENDNOTES
57 Jabar, H., Ramadan, M., Lemenand, T., & Khaled, M. (2018). Domestic thermoelectric cogeneration system optimization analysis, energy consumption and CO2 emissions
reduction. Applied Thermal Engineering, 130, 279–295. https://doi.org/10.1016/j.
applthermaleng.2017.10.148
58 City of Vancouver. (2018). Administrative Report: False Creek Neighbourhood Energy Utility
(“NEU”) 2019 Customer Rates. Retrieved from: https://council.vancouver.ca/20181211/documents/spec1e.pdf
59 City of Vancouver. (2012). Vancouver neighbourhood energy strategy and energy centre
guidelines. Retrieved from: https://vancouver.ca/files/cov/neighbourhood-energy-strategy-and-energy-centre-guidelines-committee-report.pdf
60 Rathi, A. (2019). You can now ski on on top of a $670 million power plant in Copenhagen. Retrieved from: https://qz.com/1560143/
copenhagens-state-of-the-art-power-plant-doubles-as-a-ski-slope/

Photo Credit: Ramboll.com
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5.2 ACTIVE TRANSPORTATION CORRIDORS
•

Support human-powered modes of travel including walking, cycling, skateboarding, skating, canoeing, and other
creative methods.

•

Corridors often include increased access to public transportation as an element of longer commutes.

GHG Considerations

• Lower embodied emissions than grey infrastructure required to support traditional transportation.
• Getting people out of their cars lowers emissions.

Climate Risks and Intervention
Benefits

• Limited mobility during extreme weather events: Offers alternative routes
and modes of transport in the case of extreme weather events, such as
flooding, storms, or fires, where roads may be blocked.
• Increased temperatures and precipitation: Active transportation corridors
can be developed as vegetated green spaces that include shading and
absorbent surfaces, reducing the urban heat island (UHI) effect, as well as
alleviating pressure on drainage systems and other grey infrastructure.

Co-benefits

• Improved mental and physical health associated with greater access to
nature.
• Greater mobility and recreation opportunities.
• Reduced traffic congestion.
• Improved air quality.
• Opportunity to combine with ecosystem restoration and improved habitat
for biodiversity health.
• Property values benefit from proximity to green space.

Financing Mechanisms

• Federal Gas Tax funding: for example, the City of Nanaimo received $3.8
million for its waterfront walkway project.
• Federal/provincial grants: in 2014, following a 2013 flood, the District of
Elkford used a portion of $27 million received for flood mitigation funding
from the Building Canada Fund Communities Component and the Provincial
Flood Protection Program to upgrade their dike system and incorporate an
active transportation corridor.61

Considerations

• Safety: for both cyclists and pedestrians.
• Uncertainty: about alternative challenges presented by electric bikes
and scooters.
• Wildlife: possible need to manage human-wildlife interactions.
• Accessibility: need to ensure active transportation routes are accessible
to all, including those in wheelchairs, for example.

45 | ACT

LOW CARBON RESILIENCE INTERVENTIONS

CASE STUDIES
City of Fredericton’s Active Transportation Corridors
The City of Fredericton has an Active Transportation Connection
Plan that aims to support the growth of cycling and pedestrian
infrastructure. The City is interested in increasing the number of
residents that choose active modes for commuting. A key issue for
Fredericton is that the city regularly floods each spring; during this
season, roads are often closed and significant service disruptions occur.
Fredericton has invested in improved active transportation corridors to
support and enable residents to get around during flood season and
the rest of the year, with significant success.

City of Copenhagen Sensors and Green Waves
To continuously improve bike infrastructure for the nearly 40%
of residents that commute daily by bike in Copenhagen, the City
is installing numerous types of sensors to track bike movements
throughout the city. These sensors will play different roles; some
transmit and receive contextual information like speed and location,
some will work as an interface to mitigate congestion along corridors,
suggesting alternate routes, and others will indicate the best routes
to take to avoid air pollution. Ideally, information gathered from the
sensors can create a “green wave” for cyclists: when maintaining a
speed of 20 km/hr, cyclists will be able to coast through green lights to
maintain momentum. The next stage of the green wave process will be
to coordinate lights in favour of cyclists; when five or more cyclists are
at a light, it will change in their favour.62

ENDNOTES
61 Government of Canada. (2014, May 2). Harper Government and Province of British
Columbia deliver on flood mitigation [News Release]. Retrieved from:https://www.
canada.ca/en/news/archive/2014/05/harper-government-province-british-columbia-deliver-flood-mitigation-845059.html
62 Salamanca, J., Céspedes, S., Vinasco, D., & Yañez, A. (2016). Demo: A prototype
for a platoon-based cyclist cooperative system, 2016 IEEE Vehicular Networking
Conference, Columbus, OH, December 2016. IEEE Publishing.

Photo Credit: Swarco.com
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5.3 SOLAR THERMAL ENERGY STORAGE
•

Systems that store heat from the sun using technology and appropriate materials to store energy.

•

These systems are a key aspect of solar plants because they support the storage of solar energy for use in times
when there is no or less sunlight.

GHG Considerations

• Zero operational emissions.
• Lower embedded emissions than conventional sources.

Climate Risks and Intervention
Benefits

• Energy autonomy during potential for power outages: Improved resilience
through reliable energy sources for neighbourhoods during extreme weather
events such as storms, fires, and flooding.

Co-benefits

• Energy independence: ROI is about 10–20 years with minimal maintenance
and no operational costs thereafter.
• Job creation.

Financing Mechanisms

• External grants: Initial start-up capital of $7 million for Okotoks’ Drake
Landing Solar Community included $2 million from federal government
agencies, $2.9 million from the Federation of Canadian Municipalities’ Green
Municipal Investment Fund,63 and $625,000 from the Alberta government
through its Innovation Program agencies, plus partnerships with private
investors/developers.

Considerations

• High costs: related to lithium-ion batteries and the high environmental consequences of battery production, plus few recycling facilities available.
• Limited storage: current battery technology has limited storage abilities;
however, this is an active commercial research area.
• Space: massive amounts of batteries are needed to successfully store adequate power for communities.
• Intermittency: fluctuation in availability of solar energy affects both the rate
of storage and storage volume.64
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CASE STUDIES
Town of Okotoks’ Drake Landing Solar Community

Photo Credit: tij.eng.com

The highest source of residential GHG emissions (80%) is space and
hot water heating. Drake Landing Solar Community is a neighbourhood
heated by a unique district energy system, which stores solar energy
underground during the summer and distributes the energy to heat
homes during the winter. By using this system, the solar project
estimates GHG reductions for each house at 5 tonnes at year,
translating into a total reduction of 260 tonnes annually. The system
also cools the area in the summer, alleviating the impact of heat waves.
The solar energy is stored through a borehole thermal energy storage
system, which is an underground structure similar to a well. The system
fulfils more than 90% of the neighbourhood’s heating requirements.65,66

ENDNOTES
63 Mesquita, L., McClenahan, D., Thornton, J., Carriere, J., & Wong, B. (2017). Drake
landing solar community: 10 years of operation. ISES Solar World Congress. http://
doi.org/10.18086/swc.2017.06.09
64 Trainer, T. (2017). Some problems in storing renewable energy. Energy Policy, 110,
286–293.http://dx.doi.org/10.1016/j.enpol.2017.07.061
65 Sibbitt, B., Mcclenahan, D., Djebbar, R., & Paget, K. (2015). Groundbreaking solar.
High Performing Buildings. https://www.dlsc.ca/reports/JUL2015/Goundbreaking_
Solar_Case_Study.pdf
66 Government of Canada. (n.d.). Backgrounder: Drake Landing Solar Community.
Retrieved from: https://dlsc.ca/news/Okotoks%20BKDGR_FO.pdf
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5.4 NATURALIZED SHORELINES
•

Naturalizing shorelines is a process of restoring or recreating natural buffers to waterways.

•

Buffers can take many forms depending on the specific ecosystem, intended land use, and site-specific climate
risks.

GHG Considerations

• Fewer emissions to install, maintain, and replace than a traditional concrete
dike, including much lower embodied emissions.
• Sequesters carbon.

Climate Risks and Intervention
Benefits

• Sea level rise: naturalized shorelines can act as a buffer for sea level rise,
buying time to develop larger-scale solutions, and with sedimentation can
begin to rise at similar rates to sea levels.
• Storm surge and flooding: shorelines act as a natural buffer and sponge
for flooding and storm surges, especially when designed to attenuate wave
run-up (in comparison to hard, straight seawalls, which exacerbate overtopping effects, especially in high winds).
• Ecosystem and species risks: protecting and restoring habitats is one of the
most beneficial ways to preserve species and ecosystems.

Co-benefits

•
•
•
•
•
•
•

Financing Mechanisms

• Federal grants: Infrastructure Canada and FCM grants.
• Provincial grants: Examples of provincial grants include the BC Community
Emergency Preparedness Fund, the Alberta Community Resilience Program,
and the Québec Programme Climat municipalités.

Considerations

• Need for monitoring: both pre- and post-project ecological services and
health must be supported.67
• Timeliness: engineered marshes take more time (10–15 years) to become as
functional as existing biogeochemical processes.67
• Clear understanding of habitat and targets: ecosystem-based management requires a thorough understanding of habitat, clear restoration goals
and quantitative targets, and quantified habitat/ecological targets.67,68
• Clarity: more work needed on calculation of carbon sequestration potential.

Water quality protection.
Decrease in algae blooms and excessive weed growth via pollutant capture.
Increased recreation access.
Improved wildlife habitat.
Protection from erosion.
Decreased maintenance and replacement costs.
Property value and tourism benefits due to aesthetic value.
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CASE STUDY
Naturalized Shoreline in Percé, Quebec
Percé, Quebec is on the Gaspé Peninsula, which is rapidly being eroded by
increased storms and rising sea levels. The town largely relies on tourism,
with visitors flocking to the shoreline to see the massive Percé Rock. In
response to the significant levels of erosion, the municipality decided to
naturalize the shoreline, including removing the existing concrete seawall,
replacing it with a pebble beach, planting vegetation on dunes, and building
a more resilient boardwalk for tourists.69

ENDNOTES
Photo Credit: Trip Advisor

67 Hartig, J.H., Zarull, M.A., & Cook, A. (2011). Soft shoreline engineering survey of ecological effectiveness. Ecological Engineering, 37(8), 1231–1238. https://doi.org/10.1016/j.
ecoleng.2011.02.006
68 Baird, R.C. (1996). Toward new paradigms in coastal resource management: linkages and institutional effectiveness. Estuaries and Coasts, 19(2), 320–335. https://doi.
org/10.2307/1352238
69 Natural Resources Canada. (2016). Cost-benefit analysis of coastal adaptation options
in Percé. Retrieved from: https://www.ouranos.ca/publication-scientifique/Report-CBAPerce.pdf
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5.5 WETLAND REHABILITATION
•

Restoring and maintaining wetlands can play a key role in buffering shorelines and regularizing water supplies by
storing water during precipitation events and filtering
it slowly.

•

Communities can rehabilitate wetlands by installing weirs or other mechanisms to restore water levels on a site.

GHG Considerations

• Minimal construction and operations emissions compared with conventional
stormwater management.
• Sequesters carbon, including ‘blue carbon’ captured in marine contexts via
salt marshes and eelgrass.
• Minimizes need for high-emissions infrastructure alternatives.
• Reduces need for emissions-intensive operations required to filter and
pump stormwater.

Climate Risks and Intervention
Benefits

• Precipitation and flooding: wetlands can reduce the rate of sea level rise,
delay overland water flooding, and reduce the volume of water flooding
inland.
• Ecosystem and species risks: restoring habitats is one of the most beneficial ways to preserve species and ecosystems.
• Reduced salinization and pollution from runoff: reduces saline intrusion
into groundwater and filters pollutants in urban stormwater runoff.
• Heat waves: reduced urban heat island (UHI) effect if near/in a city.

Co-benefits

• Provides free and/or cost-effective ecosystem services, such as water storage and filtration.
• Increased biodiversity.
• Improved water quality through pollutant and sediment capture.
• Recreation and education opportunities contribute to well-being.
• Reduced demand for and burden on grey infrastructure as a tool to buffer
sea level rise and store water.
• Carbon sequestration: wetlands sequester 30% of global soil carbon, and
North American wetlands comprise 37% of all global wetland area.70

51 | ACT

LOW CARBON RESILIENCE INTERVENTIONS

Financing Mechanisms

• Federal grants: Examples of federal grants include Infrastructure Canada,
Federation of Canadian Municipalities (FCM) grants.
• Provincial grants: Examples of provincial grants include the BC Community
Emergency Preparedness Fund, the Alberta Community Resilience Program,
and the Québec Programme Climat municipalités.
• Development cost charges (DCCs): Through natural asset valuation, the
Town of Gibsons demonstrated that expanding and protecting their wetland would provide the same services as an engineered drainage system, at
25% of the cost; the Town updated its DCC bylaw to allow it to be applied
to payment for the wetland’s rehabilitation.

Considerations

• Ecosystem health: proxy indicators for measuring ecosystem health need to
be explored (e.g., vegetation cover, zero invasive species, intact geochemical
processes, etc.)
• Carbon storage: different types of wetlands store carbon differently.
For example, peatlands tend to store more soil carbon than mineral soil
wetlands, and forested wetlands store more carbon than non-forested
wetlands.
• Consider CH₄ fluxes: wetlands of all types tend to be sources of CH₄.70
• Local environmental factors: these include contamination, stressors, native/
invasive species, predators, and pH levels.
• Encroachment: consider adjacency to parking lots, highways, and developments that may affect water quality/targets.71, 72
• Less biologically complex: restored wetlands are less likely to be biologically complex and will take time to become so.
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CASE STUDIES
Tsawwassen First Nation’s Wetland
Reconstruction
In 2016, as the Tsawwassen First Nation completed the construction of
its wastewater treatment plant, it used the opportunity to emphasize
environmental measures. The plant uses a biological treatment system
that does not use chemicals, but rather applies ultraviolet light to
sterilize the effluent. Through this method, the effluent is cleaned to the
point that it can be classified as wash water, meaning it can be used
for irrigation purposes. In addition, Tsawwassen First Nation applied
biological air filtering so that all air released from the plant has been
purified. With the high quality water from the plant, the community
constructed a pond and wetland marsh to support plant and bird
habitat and achieve co-benefits.

The Town of Gibsons’ Wetland Restoration
In BC, the Town of Gibsons applied a Development Cost Charge (DCC)
to fund the restoration of a natural asset (a wetland) that provided
stormwater drainage services to the Upper Gibsons neighbourhood.
Through the use of natural asset valuation, the Town of Gibsons was
able to demonstrate that expansion of the natural asset would provide
the same services as an engineered drainage asset, at only 25% of the
cost, and with much lower emissions. Gibsons’ DCC bylaw for drainage
was previously only allowed to fund engineered assets; however, the
town changed the bylaw, with support from the Province of BC, to
allow the drainage DCC to pay for natural assets. This allowed the
town to use DCCs from the new development to fund expansion of
natural assets for drainage. This project is an example of a low carbon
resilience approach in action, reducing the town’s emissions through
increased carbon sequestration, and increasing resilience to flooding.
Multiple other benefits have been created by the project, including
increased biodiversity, health, and recreation opportunities in the
community, as well as reduced costs for providing drainage services.
The project makes use of municipal natural asset management,
a growing practice that allows municipalities to properly identify
and value ecosystem services in their financial planning and asset
management programs. Through natural asset management, the Town
of Gibsons was able to conduct ecosystem valuation and legitimize the
use of DCCs to fund natural assets.
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City of Alicante, La Marjal
In southeastern Spain, the City of Alicante can go months without rain,
but when it comes, it is intense and concentrated. Already rife with
water supply problems due to high agricultural and urban demands,
extreme heat, and high levels of evapotranspiration, the City needed
an intervention that would protect citizens and infrastructure against
costly flash flooding in dense urban areas and sustainably capture
grey water for reuse. The City decided to implement La Marjal (Spanish
for marsh or wetland) in the San Juan municipality of Alicante, which
covers a natural floodplain. La Marjal is a floodable park constructed
as a reservoir with a capacity of 45,000m³ to retain rainfall in its
natural watershed. The park is placed on municipal smallholdings of
36,700 m² classified as green area, and extends into smallholdings
along the San Juan Beach. Constructed between 2013-2015, it is the
first of its kind in Spain, and the second in Europe, with a total cost
of €3,307,855 (CAN $4,820,636). La Marjal was chosen as a less
costly option than traditional grey infrastructure, as the City was able
to achieve synergies throughout its construction, such as hauling
excavated soil to nearby agricultural sites, saving on transportation
costs. In times of heavy rain, precipitation is directed into the park,
where it can then be sent out to sea or sent to a wastewater treatment
plant for reuse as greywater. Irrigation of the park uses captured water
simulating a more natural, connected hydrological network. La Marjal
has also created space for diverse habitats planted with endemic
vegetation, and native fauna can be found in the park. The park has
reduced the severity of both flash floods and water pollution, and has
also become a social gathering place and tourist attraction.74

ENDNOTES
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Change Research Program’s, Second State of the Carbon Cycle Report. (pp.
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