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Disclaimer

Reasonable skill, care and diligence has been exercised to assess the
information acquired during the preparation of this analysis, but no
guarantees or warranties are made regarding the accuracy or
completeness of this information. This document, the information it
contains, the information and basis on which it relies, and the
associated factors are subject to changes that are beyond the control
of the author. The information provided by others is believed to be
accurate but has not been verified.
This analysis includes strategic-level estimates of costs and revenues
that should not be relied upon for design or other purposes without
verification. The authors do not accept responsibility for the use of this
analysis for any purpose other than that stated above, and do not
accept responsibility to any third party for the use, in whole or in part,
of the contents of this document. This analysis applies to the City of
Richmond Hill and cannot be applied to other jurisdictions without
analysis. Any use by the City of Richmond Hill, its sub-consultants or
any third party, or any reliance on or decisions based on this
document, are the responsibility of the user or third party.
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Terms and Acronyms
BAP

Business-as-Planned

CAFE

Corporate Average Fuel Economy

DE

District energy

EPA

Environmental Protection Agency

EV

Electric vehicle

GHG

Greenhouse gas

GJ

Gigajoule

HDV

High-density vehicle

HELP

Home Energy Loan Program

ICI

Institutional, commercial, and industrial

IESO

Independent Electricity System Operator

IPCC

Intergovernmental Panel on Climate Change

J

Joule

kWh

Kilowatt hour

ktCO2e

Kilotonnes carbon dioxide equivalent

NEB

National Energy Board

NZS

Net-Zero Scenario

PJ

Petajoule

PV

Photovoltaics

RNG

Renewable natural gas

SCC

Social cost of carbon

tCO2e

Tonnes carbon dioxide equivalent

TGS

Toronto Green Standard

TJ

Terajoule

VKT

Vehicle kilometres travelled

WWTP

Wastewater Treatment Plant

GHG/Energy Units
GHG emissions
1 ktCO2e = 1,000 tCO2e
1 tCO2e = 1,000 kgCO2e
1 kgCO2e = 1,000 gCO2e

Energy
1 MWh = 1,000 kWh
1 MWh = 3.6 GJ
1 GJ = 278 kWh
1 GJ = 1,000,000 J
1 MJ = 0.001 GJ
1 TJ = 1,000 GJ
1 PJ = 1,000,000 GJ

Units of Measure:
To compare fuels on an equivalent basis, all energy is reported as
units of energy content primarily as petajoules (PJ) or sometimes
as gigajoules (GJ). Emissions are characterized as Kilotonnes of
Carbon Dioxide Equivalent (KtCO2e). These measures can be
characterized as follows:*
● A PJ is a million GJ
● An average house uses about 100GJ of energy in a year
● 100 liters of gasoline provides about 3.5 GJ
● A kilowatt-hour is .0036 GJ
● A terawatt-hour is 3.6 PJ
● Burning 50, 000 tonnes of wood produces 1 PJ
● A typical passenger vehicle emits about 4.7 metric tons of
carbon dioxide per year.
*Data provided by United States Environmental Protection Agency
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Executive Summary

The Net-Zero pathway describes 7 program areas and 29 targets

The Net-Zero pathway in Richmond Hill is the Municipality’s long-

that are required to be met to achieve the net-zero target. The five

term action plan to reduce GHG emissions. The plan focuses on
strategies that conserve energy, increase efficiency, and switch fuel
sources to low or no GHG emissions.

program areas are summarized as: Efficient buildings, transportation
transformation, smart & renewable energy, towards zero waste,
municipal leadership, compact community, and natural heritage. The
corresponding actions are described in detail in the technical report.

Net-Zero GHG emissions is defined as, “as achieving as close to zero
GHG emissions as possible and addressing the gap through offsets, such
as renewable energy procurements, or through carbon sequestration
technologies.”
This technical report analyzes two aspects of the net-zero transition.
Part 1 represents the energy and emissions transition and the detailed
methods and assumptions used across sectors. Part 2 represents the
financial transition of moving towards net-zero including analysis on
investments, revenues, costs savings, as well as the return on
investment.

This technical report will answer the following questions:
1. Is it possible to achieve a net-zero GHG emissions target by
2050?
2. Which actions will need to be taken to achieve that target?
3. Which sectors and activities does the city need to focus on to
reduce GHG emissions?
4. What might Richmond Hill’s energy consumption and city
structure look like in 2050 if decarbonized?
5. What are the financial costs and benefits if the City achieves
net-zero GHG emissions?

The Net-Zero scenario describes a pathway to achieve 93% reductions
by 2050. This pathway keeps the options open to address the
remaining 7% of emissions, which include the emergence of new
technology, renewable energy certificates, carbon offsets and negative
technologies. . The pathway described in this report is coherent in

This technical report is meant to supplement the Resilient Richmond
Hill’s Path to a Low-Carbon Future report.

describing the relationships between different variables in the city and
reflecting a possible evolution of current physical assets, such as
buildings and vehicles.
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PART 1: The Net-Zero Energy and Emissions Transition
A pathway to a Resilient Richmond Hill, by the numbers

Indicator
Population, 2016

9,5111

Population, 2050

13,546

New dwellings, 2016-2050

1

Key figure

55,408

% change
over 2016

+42%

+90%
+65%

Estimated new commercial floor
space, 2016-2050

1,366,607 m2

2016 emissions (baseline year)

1,188 ktCO2e

2050 emissions – BAP Scenario

1,288 ktCO2e

+8%

2050 emissions –Net-Zero
Scenario

80 ktCO2e

-94%

2016 per capita emissions2

6 tCO2e/person

2050 emissions per capita –
BAP Scenario

4 tCO2e/person

Based on 2016 Federal census data
2 2The 2016 national average per capita emissions was 19.5 tCO2e. Government of Canada Greenhouse Gases
The 2016 national average per capita emissions was 19.5 tCO2e.
Sources and Sinks Executive Summary 2019, graph ES-4.
Government of Canada Greenhouse Gases Sources and Sinks Executive

-33%

2050 emissions per capita –
Net-Zero Scenario

0.4 tCO2e/person

-94%

2016 total community energy
consumption

21 PJ

2050 total community energy
consumption – BAP Scenario

26 GJ

+26%

2050 total community energy
consumption – Net-Zero
Scenario

11 PJ

-11%

2016 total annual energy costs

$505M

2050 total annual energy costs
– BAP Scenario

$860M

+70%

2050 total annual energy costs
– Net-Zero Scenario

$396M

-22%

Person-years of employment
generated by Net-Zero
Scenario, 2020-2050

64,000

https://www.canada.ca/en/environment-climate-change/services/climate-change/greenhouse-gasSummary 2019, graph ES-4: https://www.canada.ca/en/environmentemissions/sources-sinks-executive-summary-2019.html
climate-change/services/climate-change/greenhouse-gas-

emissions/sources-sinks-executive-summary-2019.html
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A note on scenario modelling
The modelling process sheds light on both the impacts of actions, as
well as how they impact one another. Thirty-five actions were
modelled in the net-zero scenario. Modelling assumptions and
parameters were developed for each action and are explained in the
third section of this report.

Several underlying assumptions were unchanged between the BAP
scenario and the net-zero scenario. These include the population and
employment projections, building growth projections, climate
projections (heating and cooling degree days), the provincial grid
emissions factors, and vehicle fuel efficiency standards. In particular,
maintaining population and employment projections ensure
comparability of the two scenarios.

Each action was modelled using CityInSight in two steps: assumptions
for each of the actions were modelled to quantify the emissions
reduction impact against the BAP scenario; then the net-zero scenario
was developed, wherein all actions were modelled together to capture
feedback between them.
Feedback among the actions can significantly influence the emissions
reductions associated with an action. For example, actions that
increase walking and cycling are considered before those that involve
switching to electric vehicles.
Due to feedback from the actions, the sequence in which the actions
are implemented in the model influences the outcome associated with
a particular action. In general, actions that reduce consumption and
maximize efficiency are prioritized and deployed prior to actions
related to fuel switching and local energy generation. Examples
include prioritizing mode share shifts to walking and cycling prior to
electrification of the vehicle fleet, or prioritizing retrofits and improved
building standards to buildings before switching to renewable energy.

9

Business As Planned in Richmond Hill
Technical analysis for Richmond Hill’s CEEP began with an analysis of
the baseline year, 2016. A Business as Planned (BAP) scenario
integrated population and employment projections, land-use policy,
energy infrastructure, trends in vehicle sales and other assumptions to
develop a future scenario for the city until 2050.
The BAP scenario represents a future in which no major energy and
emissions interventions or policies are introduced beyond those
current planned or underway.
The full list of assumptions can be found part 3 of this report.

Richmond Hill’s Future Context.
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Demographics are an important driver in energy consumption and
therefore in GHG emissions. Richmond Hill’s population is increasing
and is projected to be 63% greater in 2050 compared to 2016. This is
based on current projections completed by the City. These projections
will be updated by the current project to Update the City’s Official
Plan. Population growth drives the growth of new dwellings and
places of work, primarily commercial and industrial buildings primarily.

BAP Energy and Emissions Summary
Total BAP Energy Demand, by Source and Sector
Community energy use in Richmond Hill includes all energy used by
buildings, transportation, and infrastructure. It is forecasted to
increase during the period of the BAP scenario from approximately 21
PJ/year in 2016 to 25 PJ/year by 2050. This trend reflects a growing
population, which in turn drive new space for employment and
vehicular trips. This growth is moderated by more efficient new
buildings, an uptake of electric vehicles, and generally more efficient
vehicles for personal and commercial use.
Natural gas represents 40% of total energy use annually over the
period.

Vehicles

116

111
61

Employment
Households

Electricity consumption grows by 60% from 2016 to 2050, driven by
commercial and residential growth and increasing electric vehicles.
Gasoline use decreases with improved vehicle efficiency but begins to
climb again after 2040 with more personal vehicles on the road.
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Figure 1: Demographic Info., 2016-2050
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Figure 3: BAP forecasted total community emissions, 2016-2050.
Figure 2: Community Energy Consumption, BAP, 2016-2050

Total BAP Emissions, by Source and Sector
Total annual emissions are projected to increase from around 1,190
ktCO2e in 2016 to approximately 1,290 ktCO2e in 2050, a 2% increase.
This emissions trend is driven by increases in residential,
transportation, and commercial /industrial growth. New homes and
vehicles are more efficient and mitigate the growth in GHG emissions,
but growth of employment drives industrial and commercial emissions
to grow 50% and 37% respectively. GHG emissions from waste decline
by 57% as more landfill and wastewater methane emissions are
captured or combusted.
Fugitive emissions from natural gas systems (unintentional emissions
from transportation and distribution) amount to 8 ktCO2e in 2016 and
increase by 13% by 2050 to 9 ktCO2e.
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BAP Summary
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Richmond Hill’s GHG emissions are projected to increase from around
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Emissions from electricity generation in Ontario are projected to
natural gas peaker plants to supplant the hydro electric grid.3 Gasoline
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Figure 4: Total emissions in the BAP scenario (orange) versus a net-zero emissions
reduction by 2050 scenario (teal), 2016-2050.

as buildings become more energy efficient in response to market
forces and evolving building codes.
The 8% increase is modest in the context of the population growth
but a major investment in energy transition is required to position the
City in a leadership role, and to access the opportunities that are
arising with the energy transition.
In the next section of this report – The Net-Zero Pathway – a variety of
actions are introduced that will help the community close this gap.

3

This period represents nuclear refurbishments where capacity will decrease and is projected to
be made up from natural gas. Carbon intensity is taken from: Ontario Annual Planning Outlook
2020. IESO
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The Low-Carbon Pathway
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1.1 Pathway Summary

“Net-zero GHG emissions” is defined as achieving as close to zero
GHG emissions as possible and addressing the gap through offsets, such
as renewable energy procurements, or through carbon sequestration
technologies.
This low-carbon scenario achieves GHG emissions reductions of 93%
by 2050 over 2016 (Figure 5). In 2016, the baseline year for this plan,
GHG emissions totaled 1,100 ktCO2e. In that year, space heating
requirements for buildings and transportation consumed more than
70% of total energy and were derived predominantly from natural gas
and gasoline. The transportation, residential, and waste sectors were
the three largest emitting sectors, respectively. For the most part,
these trends were projected to continue towards 2050 under the Business
as Planned (BAP) scenario.
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The identification of the climate target was a major milestone in the
development of the Community Energy and Emissions Plan. City and
stakeholders reviewed several targets and community input and
concluded that “net-zero GHG emissions by 2050” aligned with the
evidence from climate science and signaled the ambition and
innovation that aligns with the trajectory and context of Richmond
Hill.

1,188

800

2016

viable

ktCO2e

A low-carbon future is technically feasible, and economically

1000

Figure 5: GHG emissions trend, 2016-2050, NZS

From the baseline and BAP analysis, significant emission reductions
opportunities were identified, including:
1. Implementing a GHG standard for new construction to
decouple GHG emissions from growth in the residential and
non-residential building stock;
2. Deep energy retrofits for the existing buildings stock;
3. Switching heating and water systems to electric rather than
natural gas; and
4. Fuel switching of personal vehicles to electric.
These four actions alone are capable of producing an emissions
decrease of nearly 500 ktCO2e, or a 45% reduction of GHG emissions,
by 2050. Other actions required to align with the net-zero pathway are
discussed in Part 2 of this report.
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The Net-Zero Pathway
Figure 6 illustrates the impact on GHG emissions of the net-zero
scenario actions relative to the BAP scenario. Emissions reductions
from each action are represented by different colours, while remaining

GHG emissions are represented by the grey area. In the net-zero
scenario, GHG emissions in Richmond Hill are 99% below 2050 levels
in the BAP scenario and 93% below 2016 levels
Figure 6: Net-Zero Emissions Pathway, 2016-2050
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Development of the net-zero scenario

CityinSight Model Sequence

The actions development process for the net-zero scenario began
with extensive research on 28 “pathways” to reduce energy use and
GHG emissions at the city scale.
The net-zero scenario illustrates energy use and GHG emissions
production for the city if it implements the actions to address energy
and emissions.
Note that a scenario—as applied in this context—is an internally
consistent view of what the future might turn out to be—not a
forecast, but one possible future outcome. Similar to the BAP scenario,
the net-zero scenario projection is one of many possible views of the
future.
The scenarios are coherent in describing the relationships between
different variables and reflecting an evolution of current physical
stocks, such as buildings and vehicles. In other words, the scenarios
developed in this analysis reflect a possible trajectory for the evolution
of the energy system.

Decrease Consumption

Compact Land Use
Reduce dwelling sizes of
residential homes
Reduce proportion of
single-detached homes
Increase building efficiency
of new dwellings, and new
commercial buildings
Increased share of new
net-zero buildings
Retrofits of homes &
buildings
Increased active transport
and reduce car ownership
Expand Transit
Introduce car-free zones
Increase industrial process
efficiency
Divert organic waste and
wastewater

Switch to Renewables &
away from fossil fuels
Space heating served by
heat-pumps
Water heating is electric
Solar PV - rooftop
Solar PV - Ground mount
Wind Energy
Energy storage installations
Biogas / RNG production
increases
District Energy deployed in
Richmond Hill Centre
Electrify transit, personal
vehicles, and municipal
fleet
Hydrogen energy
introduced
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Part 2. Detailed Low Carbon Programs
The processes of stakeholder engagement, community
engagement, and analysis of Richmond Hill’s context identified

29 program specific sub-targets. These 29 sub-targets were
combined into 7 program areas. Those program areas are
shown in the following table along with the corresponding low
carbon actions:

Table 1: Low Carbon Actions Summary

Program Area
Transportation
Transformation

Efficient Buildings

Sub-sector Targets
1. Majority of trips that commence in Richmond Hill are by walking, cycling or
transit Walking and cycling represent most of the modal split of 2km and
5km trips.
2. Facilitate e-bike and electric car share services to achieve 25% of trip-shares
that are 10km or under by 25% by 2050. Take share from personal vehicles
and transit respectively.
3. Zero-emission vehicles to make up 10% of light-duty vehicles sales per year
by 2025, 30% by 2030, and 100% by 20404
4. Expand the subway beyond Richmond Hill Centre.
5. Complete the BRT/ViVA bus network by 2040 in accordance with the ViVA
network
6. The on-road transit system is 100% electric by 2030
7. By 2030, MTSAs in the city permit light-electric vehicles only in certain zones,
and, by 2040, mostly electric or hydrogen heavy trucks in the city
New Buildings
8. 90% of new construction of residential dwellings is net zero energy after
2030.

4

“Zero Emissions Vehicles” 2019. Government of Canada. Retrieved from: https://www.canada.ca/en/transport-canada/news/2019/04/government-of-canada-invests-in-zero-emissionvehicles.html
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a. New buildings are serviced by electric space heaters and water
heaters.
9. New non-residential buildings meet energy performance requirements
equivalent to the timeline of the Toronto Green Standard.5
a. New buildings are serviced by electric space heaters and water
heaters.
Building Retrofits
10. 80% of existing dwellings are retrofit by 2050, achieving Passive House
Standards.6
a. Buildings which are retrofit also shift to electric hot-water heating
and electric space heating (heat-pumps)
11. 90% of non-residential buildings are retrofit by 2050, achieving Passive
House Standards
a. Buildings which are retrofit also shift to electric hot-water heating
and electric space heating (heat-pumps)
12. Add green roofs, where approriate, to all new buildings and retrofitted
buildings when retrofit occurs
13. Industrial buildings are retrofit to increase efficiency by 50% by 2030
Smart, Renewable
Energy

14. Solar PV is incorporated in 50% of new buildings (residential and
commercial) by 2050.
15. Install energy storage to reduce curtailment of renewable energy to 15% by
2050
16. By 2030, install district energy systems, using 100% low-carbon energy.
17. Richmond Hill installs 5MW of solar energy per year to 2050 (ground array),
in addition to the solar PV installed on buildings.
18. Access/ secure 50 MW of wind energy outside of the city boundary by 2050.

5

The Toronto Green Standard progressively improves building energy performance on a graduated timeline towards 2050. Learn more here: https://www.toronto.ca/citygovernment/planning-development/official-plan-guidelines/toronto-green-standard/
6

Passive House Canada. Building Certification. Retrieved from: http://www.passivehousecanada.com/passive-house-building-certification/
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19. Meet remaining demand for natural gas in the community with a
combination of renewable natural gas and hydrogen by 2050.
Towards Zero
Waste

20. 95% of organic waste is sent to an anaerobic digester and achieve a 25%
reduction in wastewater through behaviour change, leak detection systems,
and greywater re-use.
21. Methane collection is added to the wastewater system in Duffin Creek.

Compact
Community

22. 90% of new dwelling located within Key Development Areas, Yonge street
and identified infill areas7
23. Promote multi-residential housing development.
24. Richmond Hill Centre has car-free zones by 2050

Municipal
Leadership

25. The municipal fleet is 100% electric by 2040
26. 100% of municipal buildings are retrofit to net-zero emissions by 203. New
municipal buildings are net-zero emissions ready by 2030.
27. A sustainability education plan is launched by the city to reduce GHG
emissions and energy consumption, particularly by promoting home-based
work.

Natural Heritage

28. Complete implementation of the Urban Forest Management Plan
29. Increase carbon sequestration by developing and implementing a Natural
Heritage Strategy to increase the quality, integrity, and diversity of the
natural heritage system.

7

An annual demolition rate of 2.5% in infill areas
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Community Energy Consumption

In the net-zero scenario (NZS), energy consumption in
Richmond Hill is projected to decrease from 21 PJ to 10 PJ, a -

25

50% decline.

20

Richmond Hill’s primary fuel sources in 2016 are natural gas

15
PJ

Industrial
Commercial

10

Transportation
Residential

5

propane, and other sources make up the remainder. In the
NZS, electricity becomes the dominant energy source (88%),
and overall fossil fuels are reduced from 69% to 2%.
Actions in the NZS include deep energy retrofits for existing
residential and non-residential buildings, implementing a high
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performance building standard to improve energy efficiency of
new buildings, increasing use of air-source and ground-source

Figure 7: Energy Consumption by Sector, NZS, 2016-2050
25
20

heat pumps and fuel switching from natural gas to electricity
Space Cooling

(to power heat pumps) for space heating. These actions are

Major Appliances

projected to collectively decrease building energy use by -40%,

Lighting
15
PJ

Plug Load

10

Industrial
Manufacturing
Water Heating
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2038
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2028
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2024
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2018

2016

5
0

(38%), electricity (26%), and gasoline (22%). Diesel, fuel oil,

from 14 to 8 PJ.
The transportation sector is the second highest energy
consumer, accounting for 35% of community energy use, or 7
PJ. In the net-zero scenario, transportation energy
consumption is reduced by various actions, including

Transportation

expedited uptake of electric vehicles: more compact and dense

Space Heating

land-use, e-mobility services (carshare, bikeshare) and
increased transit share. Overall, transport-related energy
consumption drops by -70% by 2050.

Figure 8: Energy Consumption by End Use, NZS, 2016-2050
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Improvements to vehicle efficiency fuel standards drive some

-60% reduction from 2016 and a 55% reduction over the BAP

of the decrease in vehicle energy use, but the majority of

scenario in 2050 (Figure 9).

energy savings are a result of electrification of personal and
commercial vehicles, as well as the complete electrification of

120

the City’s municipal vehicles and the transit system. Electric

100

vehicles convert over 77% of the electrical energy from the

Per capita energy use decreases in both scenarios. In the BAP

31

20

2049
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2037

2034

2031

0
2028

Per Capita Energy

NZS

2025

baseline and a -56% reduction over the BAP scenario in 2050.

40

2022

2016 to 10 PJ in 2050. This is a -50% reduction from the 2016

BAP

2019

Overall, total energy consumption decreases from 21 PJ in

60

2016

energy vehicles convert about 12%–30%.8

80

80

GJ/ Per Capita

grid to power at the wheels, whereas the internal combustion

103

Figure 9 :BAP and net-zero scenario energy use per capita, 2016-2050.

scenario, energy use per capita decreases by -22%, which
reflects a reduction in space heating and water heating
demand due increased energy efficiency, and reduced heating
demand (due to a decrease in heating degree days from
climate change-induced warming).
In the NZS, per capita energy use in Richmond Hill decreases
from 103 GJ/person to 30 GJ/person in 2050. This represents a

8

US Department of Energy (n.d.) All-electric vehicles. Retrieved from:
https://fueleconomy.gov/feg/evtech.shtml
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Community GHG Emissions
The NZS enables Richmond Hill to achieve a per capita
emissions reduction of 93% from 2016 levels by 2050, from 6
to .4 tCO2e per capita.

7

TCO2 per capita

6

6.03

5
4

3.85

3

BAP
NZS

2
1

0.41
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0

Figure 10: BAP and NZS emissions per capita (tCO2e/person), 2016-2050.
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GHG Emissions by Sector
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Figure 11: NZS, emissions by sector, 2016-2050.
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AFOLU
RNG
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GHG emissions from residential buildings are reduced by a
projected 99%, while GHG emissions from commercial and
industrial buildings are reduced by 97.4% and 96.9%,
respectively. Fugitive emissions, which are emissions that
escape from the natural gas distribution system, and emissions
from district energy production also decrease by 98% and
86%, respectively.

Fugitive

1000

kilotonne CO2e

The NZS results in GHG emissions reductions in all sectors.
Interventions in the transportation sector reduce respective
emissions by 99.9%, representing the greatest change of any
sector. GHG emissions from waste are reduced by 97.1% from
2016 to 2050 as a result of increased waste diversion and the
capture of methane from waste to be used for renewable
natural gas (RNG).
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Figure 12: NZS, emissions by source, 2016-2050

Natural Gas

GHG Emissions by Fuel Type
The NZS shifts from carbon-intensive fuel sources to
renewable energy and electrification. In 2016, the largest
source of GHG emissions was natural gas (used in buildings),
accounting for 42% of total emissions. Gasoline (used in
transportation) accounted for 32% of total 2016 emissions. In
2050, natural gas use decreases by 97.6%, but increases its
share of emissions to 67% as other emitting fuels decrease in
use. GHG emissions from gasoline are projected to decrease
by 99.98%, mostly due to electrification of vehicles.
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Community Emissions Mapping, Baseline & Net-Zero (2016 2050)
Figure 13: Community GHG emissions per zone, BAP (2050)

This map assigns GHG emissions to Richmond Hill‘s traffic
zones for the baseline year of 2016. The map illustrates GHG
intensity in different areas and neighbourhoods of Richmond
Hill. Included are GHG emissions from stationary sources,
transport, waste, and fugitive sources. Waste and fugitive
sources are not displayed on the community GHG emissions
map.
Most activity happens along the southern and eastern parts of
the cities where there are more mixed use areas, so therefore
non-residential uses. Commercial and non-residential
buildings have higher demands for space heating and
therefore emit more GHGs. Transportation is reflected as
origin-based GHGs and non-residential trips are again more
likely to be based in south eastern Richmond Hill.
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Finally, the NZS is presented in the final GHG emissions map.
This map illustrates the effect of eliminating nearly all GHG
emissions in the community. Most emissions from the use of
gasoline are eliminated in this scenario as EVs are the
overwhelming majority of vehicle types. There are still some
gas powered vehicles on the road, however.
Natural gas has been virtually eliminated in the city through
fuel switching in homes and businesses to electric heat pumps,
increased renewable natural gas, and some degree of
hydrogen. Industrial process that relied on natural gas has
been converted as well.
Transportation GHG emissions are harder to discern from this
map, but generally decrease due to more development
intensity along Highway 7 and Yonge Street, as opposed to
greenfield development in northeast Richmond Hill.

Figure 14: Community GHG emissions per zone, NZS, 2050
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Compact Communities, Transportation
Transformation Actions Summary &
Detailed Assumptions
The land-use action commences with an intensification of
development near the city centre and LRT lines, with decreased
development occurring in the periphery. Increased
development intensity reduces overall VKT and shifts mode

of dwellings and the location of destinations. Mode share
assumptions were based on the City’s transportation model
data for 2011 and 2031 and held constant post 2031. The fuel
standards were based on the U.S. Corporate Average Fuel
Economy (CAFÉ) Standard for light duty vehicles and phase 1
and phase 2 of the U.S.9 Environmental Protection Agency’s
(EPA) Heavy Duty Vehicle (HDV) standards for medium and
heavy-duty vehicles.

share away from private vehicles. More transit options are

Land use and Transportation

made available in the NZS as the subway extension to Major

Until such time as transportation becomes zero-emission, land

Mackenzie is completed alongside a BRT network. Active

use and its connection to transportation is an opportunity for

transport actions to increase cycling, walking, transit use, and

emissions reductions. In these sectors, energy use is related to

car sharing are also modelled.

urban density. Richmond Hill is a small city geographically
characterized by low density residential development without

The land-use action is accompanied by fuel switching of

strong connection to services or transit. Places of work are

commercial, personal, and city/corporate vehicles from fossil

distributed over the GTA, leading to dominance of vehicle

fuels to electricity. The commercial transportation sector

trips.

electrifies at a slower rate of adoption than personal vehicles
but is electric by 2050. The City transitions to a zero emissions

Current land use planning suggests increased density

fleet by 2040.

especially along Yonge Street and near Highway 7. Increased
density will favor increased transit use along with walking and

The total stock of vehicles is increased proportional to

cycling trips.

households and distances traveled is derived from the location
9

EPA. (2012). EPA and NHTSA set standards to reduce greenhouse gases and improve
fuel economy for model years 2017-2025 cars and light trucks. Retrieved from
https://www3.epa.gov/otaq/climate/documents/420f12050.pdf

10

“Zero Emission Vehicles” 2020. Transport Canada. Retrieved from:
https://tc.canada.ca/en/road-transportation/innovative-technologies/zero-emissionvehicles
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Table 2: Transportation Transformation Detailed Targets
Sector

Target

GHG
Reduction
(KtCO2e, 2050)

Electrify
Personal
Vehicles

Heavy Vehicles Heavy vehicles are banned from
MTSAs by 2030

Establish aspirational targets for
182
zero-emission vehicles to make up
10% of light-duty vehicles sales
per year by 2025, 30% by 2030,
and 100% by 2040.

Electrify transit 100% of the transit fleet is electric 147
by 2030
Expand Transit By 2040: 3% Gain in ridership in
FTN Networks North of Major
Mackenzie and 16% Gain in
ridership in LRT / BRT Areas south
of Major Mackenzie
Increase/impr
ove cycling &
walking
infrastructure

reduction to PUV owners in this
zone

Mode shift to majority of the
93
walking and cycling potential away
from vehicles and driving for incity trips. Target 2km trips for
walking, 5km trips for cycling

88

By 2040, only hydrogen / electric
heavy trucks are permitted in the
City.
Table 3: Compact Community Detailed Targets

Sector

Target

GHG
Reduction
(KtCO2e, 2050)

Land Use

90% of new development takes
57
place along Yonge Street, Highway
7 and identified Infill Areas

Denser
Housing

Promote building distribution to
favor multi-units over single
detached

4

Use of E-bikes 10% of trips up to 10km are
2
& Car Share
complete by E-Bike. 50% of all
trips up to 10.5km are taken by EBike, 25% reduction in vehicle &
25% reduction in transit,
incrementally by 2050
Car Free Zones Richmond Hill Centre has car-free 3
zones with 50% less vehicle trips
start in car free zones and a 50%
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Detailed Assumptions: Compact Community
The net-zero scenario densifies the areas around Yonge Street,
with special focus to Richmond Hill Centre and two key
development areas north of Major Mackenzie Avenue. This

Table 4: New construction totals, cumulative households by type, 2021-2050.

Developm
ent Type

Single

Semi

pattern of development fits a transit-oriented development

Row

Apt.

2050

model.
The growth pattern of this model overlaps with several NZS
transportation actions where the “Transit Unfunded Network”

BAP

26,262

11,425

50,117

122,908

NZS

5,819

4,897

28,339

198,714

is completed by 2032. As a result, subway stations are added
north of Richmond Hill Centre and there is increased transit
access in the city. The land-use action also corresponds to
increased cycling, walking, transit use, and car sharing.
The BAP scenario assumes infill intensification but also more
development in eastern Richmond Hill. The allocation of new
households between 2018 and 2046 to urban and rural area
types is shown in Table 4. The resulting allocation of new
households to traffic zones is shown in Figure 40.
Dwelling sizes and building mix are also set to change as the
city densifies. In the NZS, as the average size of a dwelling unit
decreases, the share of single-detached dwelling units

Figure 15: Housing stock by dwelling type in the NZS.

decreases and the share of apartments and rowhouses
increases.
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Detailed Assumption: Transportation Transformation
Active Transportation
In the NZS, infrastructure is introduced to encourage cycling
and walking. This includes a complete build out of the bike
lanes described in Richmond Hill’s Transportation Master Plan,
and increased densification (described in the land-use actions
section above), where more amenities are available within 2
km walking distances from homes and workplaces. Rather than
target specific walk and bike shares, an overall goal of the
majority of trips within Richmond Hill being non-vehicle based
by 2050 was evaluated.
The NZS shows a sharp increase in trips of less than 5 km
travelled by bicycle, and a corresponding decrease in trips by
vehicle. Trips shorter than 2km are more likely to be completed
by walking in the NZS compared to the BAP. Personal vehicle
trips are generally reduced by switching short trips to active
modes and increasing transit trips for medium distance trips
(IE 7km - 35km).

Vehicle Technologies
In the NZS, electric vehicle consumer adoption cycle modelling
for personal vehicles follows the federal government’s current
targets10:
●

10% of light-duty vehicles sales per year by 2025;

●

30% by 2030; and,

●

100% by 2040

Technology adoption rate for heavy vehicles is less certain as
the availability of batteries to address greater power
requirements on a wide-scale by 2050 is less certain without
higher level government intervention. A near-term intervention
with heavy vehicles is to limit their movements in key
development areas in the city and re-route the final leg of the
journey through light electric vehicles. In the long-term (post2040), 90% of heavy vehicles will be alternatively fueled by
either hydrogen or battery-electric power.
The City will also transform its vehicle fleet to become 100%
zero-emission by 2040 in the NZS.

10

“Zero Emission Vehicles” 2020. Transport Canada. Retrieved from:
https://tc.canada.ca/en/road-transportation/innovative-technologies/zero-emissionvehicles
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Enhanced Transit

# of Vehicles (thousands)

250

Transit enhancements were introduced in the NZS that would

207

200

provide better service to the City’s growing urban core along
Yonge street and in the southern border. The action was

150
100
50

Gasoline

developed in consultation with the city and York Region transit

Diesel

services. York Region’s Proposed 2041 routing and network

Electric

and ViVA Next’s unfunded network for Bus-Rapid transit were

0

both implemented.11,12 The result was increased transit uptake
mostly south of Major Mackenzie.
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Figure 16: Electric Vehicle Adoption, BAP scenario versus net-zero scenario.

The BAP scenario models the expansion of the TTC subway to
Richmond Hill Centre, resulting in a 16% increase in transit use
in that traffic zone, and corresponding decrease in vehicle use.

The NZS includes a car sharing action in which upcoming LRT
stations and areas in Richmond Hill Centre offer increased car

Finally, in the NZS in 2050 the mode shift for transit increases

share options. The service would include one- and two-way

to capture 28% of internal trips, up from 4% in 2016

trips.

(percentages are on a 24-hour basis). Transit increases its share
of external outbound trips from 14% to 65% in 2050 but
remains low at 4% in external inbound trips (Figure 20).
In order to reduce GHG emissions, the NZS also modelled
transit to be 100% electric by 2040.

11

Transportation Master Plan: 2032-2041. (2016) York Region
https://www.york.ca/wps/wcm/connect/yorkpublic/dc1247c9-d93a-47f3-a5bd0a1475f08fe9/2016+TMP+Maps+11+to+15.pdf?MOD=AJPERES&CVID=mukDi8F

12

Future Network. VIVA. n.d. http://www.vivanext.com/project_map
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Net-zero Transition: Compact Community
and Transportation Transformation
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PJ

5

Biodiesel
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Richmond Hill’s transportation sector accounts for 35% of total
community energy, or approximately 7 PJ in 2016. In the NZS,
transportation energy consumption declines by 70% from the
2016 baseline to 2 PJ in 2050. By 2050, fossil fuels used for
transportation energy decrease by approximately 100% across
vehicle types, as fossil fuels are replaced by electricity.
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Figure 17: NZS transportation energy use by fuel type, 2016-2050.
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Figure 18: NZS, transportation energy use by vehicle type, 2016-2050.

Transportation Energy by Vehicle Type
In 2016 light trucks and cars represent the greatest energy
consumers by vehicle type, accounting for approximately 85%
of energy use, respectively. The NZS projects that light trucks
(including SUVs and “crossover” vehicles) will become
dominant in the mid-2020s and will climb to use 59% of
transportation energy by 2050.
In 2016 the Richmond Hill subway and bus system accounted
for 9% of transportation energy. By 2050, transit energy
consumption increases with the expansion of the subway and
BRT services and will account for 20% of total transportation
energy use in the net-zero scenario. Transit infrastructure is
projected to increase by 2050, and the entire transit fleet and
rolling stock is expected to be electric. Light trucks will
represent 49% of vehicle energy consumption by 2050,
reflecting the popularity of the vehicle type.
Figure 21 shows the transition of personal vehicle types from
carbon-based fuel to electricity-based fuel. Light trucks will
30

continue to grow in consumer preference but will become
more energy efficient as this sector electrifies. Meanwhile,
heavy trucks transition to nearly 100% electric in the NZS, with
energy consumption decreasing by 64% by 2050.
Transportation activity will generally grow in step with
population growth; however, greater efforts to encourage
active transportation will reduce energy use in this sector by
2050. Increasing vehicle fuel efficiency contributes to reduced
energy use in the transportation sector in the future.
The average length of internal trips is steady at 6km across the
scenarios, as intensification limits the longer trips associated
with suburban development. Further background to transport
and land-use actions can be found in the Appendices.
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Figure 20: Trip length by trip type, net-zero scenario, 2016 & 2050.
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Figure 19: Transportation energy use by vehicle type and fuel, net-zero
scenario 2016 & 2050.
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Transportation GHG Emissions
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Figure 21: Transportation GHG emissions by source, NZS, 2016-2050.
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The effects of electrification and increased non-vehicle
transport (65% of internal trips by 2050) decrease GHG
emissions by 92% between 2016 and 2050 in the NZS, and by
99% over the BAP scenario in 2050.

400

2016

In 2016, cars and light trucks accounted for about 84% of
Richmond Hill’s total transportation emissions, while heavy
trucks and buses accounted for approximately 18%. The
market share of light trucks increases in the NZS, similar to the
BAP scenario. However, overall emissions for light trucks falls
by 94%, from 207 ktCO2e to 12 ktCO2e by 2050, as a result of
increased electrification and vehicle efficiency. Emissions from
urban buses decline by 65% but will represent the largest
source of emissions (46%) in the NZS reflecting carbon
intensity from the grid.

500

kilotonne CO2e

In 2016, GHG emissions from transportation were dominated
by gasoline (78%), while diesel fuel accounted for 22% of
emissions. In the NZS, electric vehicles replace the internal
combustion engine across the transportation fleet (personal,
municipal fleet, freight, and buses). The elimination of carbonintensive fuel sources is critical to reducing emissions in the
transportation sector, and the overall emissions reduction is
accelerated by reduced VKT as a result of an increased share of
transit use, as well as increased mode share for walking and
cycling. These factors result in an 92% decline in GHG
emissions in the transportation sector by 2050.

600

Figure 22: Transportation GHG emissions by vehicle type, NZS, 2016-2050.

32

Personal Vehicle GHG Emissions in 2016 and the NetZero Scenario
Transportation emissions are shown in 2016 and 2050. The
illustrations reveal the next to zero emissions in the NZS by

2050.
Figure 23: Transportation Emissions by Traffic Zone, 2016

Figure 24: Transportation Emissions by Traffic Zones, NZS, 2050
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Detailed Efficient Buildings Assumptions
The low-carbon analysis of buildings in Richmond Hill classifies
buildings as existing and new residential buildings, existing
and new non-residential, and municipal building categories.

Table 5: Efficiency Buildings Actions

Sector

Target

GHG Reduction
(ktCO2e, 2050)

New Buildings

90% of new residential
buildings meet net-zero
energy standards after 2030
● Water heating is
electric

14 (residential)

Low-carbon actions for each building type were developed in
the NZS.
New residential buildings will be more efficient than the

100% of new non-residential
11 (non-res)
buildings align with a high
energy performance and
where:
● Water heating is
electric
● Space heating is done
by heat pumps

current Ontario Building Code in the NZS. By 2030, all new
construction will meet net-zero energy standards. Nonresidential buildings will follow a high-performance standard
similar to those in the Toronto Green Standard.13 For existing
buildings, low-carbon actions focus on reducing electricity and
thermal energy demand by applying efficiency retrofits that
increase in scale over time. Municipal buildings follow the

Space heating is exclusively
done by heat pumps

same standard but will meet the targets sooner.
Actions were also developed for fuel switching for thermal
heat supply in buildings. Air-source and ground-source heat
pumps are used in new buildings and installed during retrofits
of existing buildings. Buildings will also be fitted with rooftop
solar PV which is installed in step with green-roof features.

Existing
Buildings

30 (new residential)

80% of existing residential
143 (res.)
buildings are retrofit to passive
house energy standards by
2050
80% of existing non-residential
buildings are retrofit to net64 (non-res.)
zero energy standards by 2050

13

The Toronto Green Standard progressively improves building energy performance
on a graduated timeline towards 2050. Learn more here: https://www.toronto.ca/citygovernment/planning-development/official-plan-guidelines/toronto-green-standard/
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electrical grid and will therefore be subject to its carbon
Retrofit buildings switch to
63 (retrofits,
electric space & water heating residential)
17 (non-residential)
All existing residential
buildings switch to heatpumps
Municipal
Buildings

Green Roofs

Industrial
Process

11

intensity.14
All new construction of non-residential buildings achieves
energy reduction similar to the “Toronto Green Standard”
which is a stepped approach to building performance. The City
of Toronto also uses a stepped energy efficiency performance

100% of municipal buildings
are net-zero by 2030 (future
and existing)

14

Add Solar PV

2

performance target and prescriptive requirements for common

Add green roofs to all new
buildings and retrofitted
buildings where feasible

>1

building types:

Increase efficiency by 50% by
2030

12

tool to transition new building construction to be near-zero
emission by 2030. The Toronto Green Standard is a tiered set
of measures for building performance, that includes both

●

Performance Targets: total energy use, thermal
energy demand and GHG intensity targets for
each tier.

●

Prescriptive: renewable energy generation,

New Buildings
Under the net-zero scenario, new residential buildings will be

district energy connection, air tightness testing,

more efficient than the current Ontario Building Code up to

labelling, disclosure requirements for each tier.

building commissioning, submetering, building

2030. After 2030, all new construction will meet net-zero
energy standards. The net-zero homes are on average 75%
more efficient than 2016 housing stock and are fitted with
rooftop solar PV which generates up to 50% of building energy

The energy performance of the Toronto Green Standards is
shown below, where tier 3 is currently required15:

demand. The buildings are still connected to the Ontario

14

City of Toronto. (2018). Toronto Green Standard v3.

15

City of Toronto. (2018). Toronto Green Standard v3.
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Existing Buildings
The actions in the net-zero scenario for existing buildings
focus on reducing electricity and thermal energy demand by
applying efficiency retrofits that increase in scale over time.
Passive house retrofits achieving >50% energy reductions in
existing buildings is targeted. The energy reduction goal is
Figure 25: Toronto Green Standards targets

ambitious but in line with research conducted by Natural
Resources Canada (NRCan) and Sustainable Buildings Canada.
Aggregated retrofits, including lighting upgrades, HVAC
upgrades or renovations, boiler replacements, and wall
replacements that can be prefabricated, could reduce total
energy use by 50%.16 Programs such as NRCan’s Prefabricated
Exterior Energy Retrofit (PEER) or the European
“EnergieSprong” program aim to reduce those costs, with the
potential to create shorter payback periods in the Richmond
Hill context.1718
95% of commercial buildings retrofit by 2050, achieving at
least 50% energy reductions in each building in the NZS.
Buildings are also regularly recommissioned every 10 years.
The NZS assumes that recommissioning reduces building

Figure 26: New homes meeting net zero target, NZS.

16

Sustainable Buildings Canada. (2016). Energiesprong Summary Report. Retrieved
from https://sbcanada.org/wp-content/uploads/2017/09/Energiesprong-SummaryReport.pdf
17

emissions to effectively negate the efficiency decline
associated with aging building energy systems. Multi-family

18

PEER – Prefabricated Exterior Energy Retrofit. N.d. Natural Resources Canada.
https://www.nrcan.gc.ca/energy/efficiency/data-research-and-insights-energyefficiency/housing-innovation/peer-prefabricated-exterior-energy-retrofit/19406

ibid
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residential buildings were not included in this action as they
are included under the residential retrofit actions.
Leading by example, municipal buildings reach net-zero
emissions by 2040 under the NZS.
Heat Pumps
Fuel switching from natural gas to electric heat pumps is a
critical and effective action to reduce GHG emissions from
existing and new buildings. Notable barriers related to cost
and payback periods are present in this action, especially when
considering the low cost of natural gas and the up-front cost
of the equipment. Ground-source heat pumps can cost
$20,000-40,000 per unit depending if they used horizontal or
vertical loops (respectively), while air-source heat pumps can
cost $4,000 per unit.19 Air-source heat pumps can be as much
as 300% efficient in creating heat for building space and are
powered by electricity.
Heat pumps are made mandatory for all new buildings after
2030 and are included during the retrofit period of existing
buildings.

19

“Heat pumps pathway” 2018. Phase 1 ETS: Pathway analysis on Heat Pumps.
Retrieved from
https://documents.ottawa.ca/sites/default/files/energy_evol_pathways_en.pdf
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Net-Zero Transition: Efficient Buildings
Energy Transition
The buildings sector sees an overall decrease of energy use

16

RNG

14

Solar

12

District Energy
Diesel

8

resulting from fuel switching away from natural gas for space
heating and water heating. Natural gas, propane, diesel, and

2049

of renewable natural gas for space heating also grows in the

2046

Natural Gas

2043

and accounts for 4% of energy consumption in 2050. The use

2040

Imported Electricity

2037

0

2034

period. District energy is implemented in Richmond Hill Centre

2031

Other

2028

2

2025

Propane

2022

4

2019

Fuel Oil

fuel oil consumption decrease by approximately 90% over the

NZS, as more wastewater and solid waste gases are captured;
however, this source accounts for a small proportion of energy

Figure 27: Building energy use by fuel, 2016-2050, NZS.

demand in 2050 (approximately 8%). Natural gas declines by
93% in the NZS.
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Space Cooling

Space and water heating shifts to the use of air-source and

Major Appliances

ground-source heat pumps in residential and commercial

Lighting

buildings. As a result, space heating consumes 76% less energy

Plug Load

in 2050 than in 2016, and water heating energy use declines by

Ind. Process

26% over the same period. Space cooling decreases by 16%

2

Water Heating

due to more airtight buildings requiring less cooling. Industrial

0

Space Heating

manufacturing increases consumption by 48%, major
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PJ

consumption increases by 79% over this period, primarily

6
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from 14 PJ in 2016 to 8 PJ in 2050, a -40% reduction. Electricity
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Figure 28: Building energy use by end use, 2016-2050, NZS.

appliances by 39%, and plug load by 14%.
Notwithstanding the population growth in the scenario, a
reduction in heating degree-days (and thus reduction in
38

demand for energy to heat buildings) results in only moderate
growth of energy consumption in the BAP scenario. The same
reduction in heating degree-days is applied to the NZS. There

After 2030, 100% of new institutional, industrial, and

PJ

is a smaller increase in cooling degree days over the period.

commercial (ICI) buildings achieve Passive House levels of low
energy consumption performance; 100% of new residential
buildings achieve net-zero energy after 2030; and 80% of

9
8
7
6
5
4
3
2
1
0

Solar
RNG
Propane
Other
Natural Gas

Imported Electricity
Fuel Oil

existing buildings are retrofitted to achieve a 50% energy

2016 2050 2016 2050 2016 2050

reduction in energy consumption. The buildings also are

Commercial

Industrial

District Energy

Residential

retrofitted with green roofs, further decreasing the need for
space cooling. Finally, the buildings become net-zero or nearly

Figure 29: Energy use by building type and fuel, 2016 and 2050, NZS.

net zero by installing rooftop solar.
Electricity becomes the primary fuel for all building types.
commercial sectors in Richmond Hill Centre. The NZS aligns
with the Toronto Green Standard (TGS) for new commercial
buildings. . Existing commercial buildings target the same
retrofit and recommissioning schedule as residential buildings,
resulting in a 45% reduction in energy consumption.

PJ

District energy is used both in the residential sector and
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Figure 30: Energy use by building type and end use, 2016 and 2050, NZS.
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Residential Energy Use per Household
Residential energy use per household declines from 139 GJ to
35 between 2016 and 2050 in the net-zero scenario, a
reduction of 75%.
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Figure 31: Residential energy per household, NZS
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Buildings Emissions

and remains the largest source of emissions in the BAP
scenario in 2050. However, through efforts such as fuelswitching and energy efficiency measures, emissions from
natural gas decrease by more than 95% in the NZS. The

kilotonne CO2e

In 2016, natural gas accounted for 85% of building emissions
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natural gas. GHG emissions from propane and fuel oil, and
diesel (from generators) are projected to decrease to 0% of
building emissions as they are gradually phased out.
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Figure 32: Building GHG emissions by source, 2016-2050, NZS.

The switch to heat pumps for space heating and cooling is
effective in reducing buildings emissions. These reductions are
augmented by increased building efficiency.
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heating follows suit as it is electrified. Emissions from plug
loads, major appliances, space cooling, and lighting decrease
marginally in the NZS as they are electric over the course of
the scenario.
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nearly 100% from 2016 to 2050. GHG emissions from water
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In the NZS, GHG emissions from space heating decrease by

Figure 33: Building GHG emissions by end use, 2016-2050, NZS.
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By switching to electricity and reducing overall consumption,
GHG emissions are reduced by 52% in industrial buildings,
93% in commercial buildings, and 91% in residential buildings
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Figure 34: GHG emissions by building type and source, 2016 and 2050.
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Industrial processes accounted for 6% of GHG emissions in
2016. Retrofits and efficiency measures reduced this by a
factor of 42%.
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Figure 35: GHG emissions by building type and end use, 2016 and 2050.
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Figure 36: Residential emissions per household, 2016 and 2050, NZS.

In the NZS, residential GHG emissions decrease by nearly 100%
on a per household basis by 2050. These savings are a result of
retrofits to existing buildings to maximize energy efficiency,
net-zero standards for new dwellings, the adoption of energyefficient heating sources, and fuel switching away from fossil
fuels.
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Smart, Renewable Energy Detailed
Assumptions
Increased uptake of renewable energy technologies is
modelled in the NZS. In order to realize this trajectory,
increased ambition from all levels of government and the
private sector is required. The model examined various

gas generation holds constant, maintaining the carbon
intensity at its 2035 level.

Table 6: Energy sector targets

Sector

Target

GHG reductions
(ktCO2e)

technologies, including solar PVs, increased uptake of district
energy, and hydropower. Renewable natural gas is also
extracted and used for heating or in industrial processes. Wind
power presents an opportunity but will have to be sourced
regionally because of lack of direct opportunity in Richmond
Hill. Renewable energy is paired with energy storage
technologies or other grid management approaches to make
best use of peak and surplus times for energy generation.
More information on the development of this action can be
found in the Appendices.

Detailed Energy Modeling Assumptions
To build the energy portion of the model, the IESO’s 2016
Ontario Planning Outlook (OPO) and National Energy Board’s
(NEB) 2016 Ontario projected electricity generation capacity
were referenced. These documents show that, from 2016

Rooftop solar 50% of consumption for
PV
existing building
electrical load for
residential and
commercial buildings,
adoption rate- scale up
to 50% of buildings by
2050.

12 (New Residential
buildings)

Energy
Storage

No associated reductions
- enables other energy
reductions

Reduce curtailment
(energy loss) to a range
of 10%-15% from
renewable energy
towards 2050.

6 ( New Non-residential
buildings)
7 (existing buildings)

onwards, the electric grid experiences a slight increase in
carbon intensity as nuclear power’s share is reduced, and this
capacity is replaced by natural gas. Starting in 2035, natural
44

major renewable energy technologies were assessed in the
Ground Solar Install 5 MW/yr. from
2020 to 2050

12

NZS, and were reviewed due to the following reasons:
●

Wind power

Install 50 MW by 2050
outside the city

5

Natural gas and gasoline represent is the two largest
sources of energy in the city

●

Increased demand for electricity is projected with
natural growth of the city, more electric vehicles, and
electric space & water heating

District energy Install a district energy
17
(DE)
system by 2030, 100% of
energy from clean
sources (geothermal
ambient system)

Renewable
natural gas

Source up to 5% of 2016
NG (procurement)

18

Hydrogen

100% displacement of
18
remaining natural gas
through
procurement/production
of hydrogen

Zero-carbon energy actions consist of generating local

●

Electricity in Ontario is anticipated to be more carbon
intensive than today by 2050.20

Table 7: Renewable energy generation, NZS 2030 & 2050

Generation Type

# 2030

# 2050

Rooftop Solar

Existing residential
dwellings: 76 MW
Existing nonresidential: 16 MW

Existing Residential
dwellings: 87 MW
Existing nonresidential: 44 MW

Maximum Values
includes new builds

New residential
dwellings: 270 MW
New non-residential:
130 MW

Ground Solar

60 MW

160 MW

Wind

25 MW

50 MW

District Energy

13.2 MW

13.2 MW

renewable energy and fuel switching away from fossil fuels. All
20

Annual Planning Outlook 2020. IESO
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RNG (anerobic
production and
procurement)

5 million m3

15 million m3

Hydrogen

N/A

615 TJ

Storage (Retention)

6 MW storage for
solar
4 MW storage for
wind

18 MW storage for
solar
8 MW storage for
wind

Region generally is categorized as having a good solar
resource and a relatively large variety of commercially viable
solar power applications. 21
The NZS assumes that solar capacity will be scaled up with
increased installations on residential and commercial rooftops,
and through ground-mounted utility-scale solar fields. 50% of
all residential building’s roofs are targeted to have solar PV by
2050, generating 270 MW of energy. The commercial sector
will generate 130 MW by covering 50% of current commercial

Wind
The net-zero scenario assumes that an average of 50 MW of
wind will be added by 2050 in the broader region. Because
wind turbines are not directly feasible within the boundary, it is
assumed to be generated outside of the city.
The installation of wind power is intended to balance the solar
PV production, reducing the fluctuating renewable capacity on
the grid.
Solar Photovoltaic
Solar PV is the energy strategy with the greatest potential to
add significant renewable energy to Richmond Hill. York

rooftop space with solar panels.
District Heating
District heating is a technology capable of capturing zerocarbon energy from multiple sources and efficiently
distributing it to buildings clustered in a neighbourhood or
block. District heating is a term often interchanged with district
energy but refers only to a heating system and not the
generation of energy. The central system can replace
decentralized boilers, HVAC systems, and chillers in individual
buildings, and create efficiencies of scale. District energy
systems can quickly incorporate new sources of renewable
energy.
In the NZS, the city implements district energy capacity in the
city. The system uses waste heat from buildings and

21

Generally delineated by mapping by Energy Hub Canada. “Solar Energy Maps,
Ontario”. N.d. Energy Hub. Retrieved from: https://www.energyhub.org/solar-energymaps-canada/

46

infrastructure and is compatible with efficient buildings
described earlier.22 Other systems such as biomass, or
(renewable) natural gas based are better suited for less
efficient buildings that may benefit from higher temperature
combustion systems.
Energy Storage
Energy storage enables time shifting between renewable
energy generation and demand for power, increasing the
percentage of power that is generated by renewables that can
be used, and decreasing the reliance on fossil fuel-based
peaking plants. For this reason, in modelling, energy storage is
assumed to increase the capacity factor for renewable energy.
Energy curtailment, which refers to energy loss or reduction
from a renewable energy source to an end point is reduced by
energy storage. Curtailment rates, or losses, in the NZS are
limited to a maximum of 10-15% as enough battery storage in
the city is assumed to be installed by 2050.
Renewable Natural Gas

be produced from power to gas, wherein excess electricity is
used to produce hydrogen, which is blended into the gas grid.
Renewable natural gas is introduced in the NZS through the
intention of locally producing the fuel and displacing imported
natural gas, and also through procurement. Biogas is collected
and used as a source of electricity (6 MW). After 2030, half of
the biogas is processed into renewable natural gas with the
purpose of displacing externally sourced natural gas used to
meet space heating and other needs.
Hydrogen
Hydrogen energy is introduced in the NZS through
community-level procurement, but there are options to
generate the energy locally based on excess energy from solar
PV or other renewables. By 2050, 0.6 petajoules of hydrogen
are assumed to be within Richmond Hill’s distribution system,
representing 3% of total space heating demand.

Renewable natural gas is chemically similar to conventional

Hydrogen has a range of applications from power generation,

natural gas, but is produced from biogenic sources, such as

heating, and mobility, providing great insights of how to

municipal solid waste and farm waste. The collected gas is then

decarbonize the grid system. Hydrogen can be transported

upgraded and injected into the natural gas grid. Also, RNG can

and used through fuel cell technology, for electric power, fuel
for transport or in industry as feedstock. Hydrogen can be

22

“District Energy 101” 2017. Integral Group. Retrieved from:
https://www.integralgroup.com/wp-content/uploads/2017/06/IntegralGroup_DistrictEnergy-101.pdf
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transported and stored in liquid or gaseous form and can be
converted to other chemicals such as ammonia, methanol,
methane, etc. depending on the market needs. Other storage
options include underground and pressurized storage.
The hydrogen energy is assumed to be “green” meaning that it
was produced through electricity, a process termed
electrolysis.
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Energy Flow and Conversions
Energy flow by
fuel and sector
are shown in
Sankey diagrams
for the 2016
baseline and the
NZS (Figures 37
& 38). In 2016,
the ratio of
useful energy to
conversion
losses is 1.3:1,
with large
conversion
losses coming
from
transportation as
a result of the
inefficiency of
vehicle internal
combustion
engines. Losses
also come from inefficient buildings, particularly the thermally
inefficient pre-1980 stock.
Local renewable electricity generation in 2016 amounts to 0.02
PJ, from rooftop solar PV generation. Natural gas provides 8.5
PJ, making it the primary provider of thermal energy for
buildings, particularly in the residential sector.
Figure 37: Energy Flow, 2016
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In the NZS, the ratio of useful energy to conversion losses
climbs from 1.3:1 to 6:1 by 2050. The gain in useful energy is
mostly a result of fuel switching to electric heat pumps, the
growth of electric vehicles, and the growth in the share of
renewable electricity sources.

The Sankey diagram (Figure 43) also shows the roughly 50%
split in fuel and electricity consumption in the transportation
and residential sectors. Electricity from the grid grows and
serves most of the energy requirements for all sectors.

Local electricity generation increases from 0.02 PJ to 4 PJ in
2050 as a result of the growth of renewable energy.
Figure 38: Energy Flow, 2050, NZS
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Natural Heritage Detailed Assumptions
Carbon sequestration was modelled to reflect landmanagement targets in the Net-Zero pathway. Improving
natural open spaces, or natural heritage, reflects increased
development in infill areas rather that greenfield, tree planting
efforts, and improvements to natural areas including water
bodies in the city.

Target

Hill presents an opportunity to increase carbon sequestration,
or a “sink” (removal of carbon from the atmosphere).
Contrarily, decreasing natural areas through development of
lands or tree-cutting represents an emission increase (release
of carbon into the atmosphere).
Sources of emissions from land management can include
deforestation, peatland drainage, and burning of biomass.
Forest preservation, afforestation and crop management can

Table 8: Natural Heritage Targets

Sector

Improving and enhancing the natural heritage in Richmond

sequester GHG emissions. The calculation of the emission
GHG reductions
(ktCO2e)

sources and sinks involves tracking changes in land use; a net
increase in area of forest, wetland or grassland represents a
greater GHG sink and vice versa. Rates of release and
sequestration are measured in 5-year increments 2016 to 2050

Tree Planting Complete implementation of
2
the Urban Forest Management
Plan

Land
Develop and implement a
8
Management Natural Heritage Strategy to
increase the quality,
connectivity, integrity, and
diversity of the natural heritage
system

in the NZS.

Net-Zero Pathway: Emissions Sequestered
A tree planting action led by the city was also modelled which
assumed the city would plant approximately 11,000 trees per
year from 2020 to 2050. The large program areas of
reforestation are expected to include street trees, the healthy
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yards program and the woodlot restoration programs across
the city.23
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The effect of increased land use intensity, and afforestation
results in a 42 ktCO2e reduction in emissions by 2050.
Compared to the BAP scenario, the NZS is projected to
consistently sequester more emissions over the time frame
beginning with the first 10 years. The BAP scenario does, in
effect, begin to sequester carbon later on in the 30 years
period as trees begin to mature and landscaping in new
neighbourhoods is planted; The level never reaches the NZS
trajectory.
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Figure 39: Carbon Sequestration, BAP vs. NZS, 2016-2050. Land use changes
are modelled as 5-year increments so 2021 would represent the period
between 2016 (baseline years) and the next increment

23

“Natural Environment Achievements” 2019. https://www.richmondhill.ca/en/sharedcontent/resources/documents/NaturalEnvironment-Achievement-Factsheet-2019.pdf
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Zero Waste: Detailed Assumptions
The NZS includes a 45% diversion rate of solid waste, then

Table 9: Net-Zero Scenario waste sector actions.

Sector

Target

takes actions to reduce methane emissions from organic waste

gas. Wastewater treatment is modelled to capture nearly all

reductions
(ktCO2e)

and wastewater. By 2050, nearly 100% of organics are diverted
from the landfill and processed to produce renewable natural

GHG

Waste to
Energy

95% organic waste sent to
anaerobic digestion

13

CH4 emissions and convert them to usable gas.
Assumptions in this sector include a waste diversion rate
staying steady from baseline (approximately 45%). The

Wastewater
Process
Energy

remainder of solid, non-organic waste, being sent to the
Durham-York Waste-to-Energy centre. These emissions are
24

calculated but will be reported by Durham Region.

Wastewater is anticipated to increase with population growth,
but on a lower growth rate than the BAP scenario. The BAP
projects growth of 66%, but interventions to reduce water use

Biogas
Production
from
Wastewater
Treatment

25% reduction in water /
wastewater consumption
(behaviour change, leak detection
system, greywater re-use)

38

- Duffin Creek Water Pollution
Control Plant: increase methane
recovery to approximately 100% by
2050

through behaviour change and water leak detection systems
limits wastewater growth to 22% in the NZS.
Table 4 describes the waste sector actions and their
corresponding reductions on GHG emissions.

24

GPC Protocol: Boundary Associated Waste
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In the NZS in 2050, the diversion rates are anticipated to
remain the same in each treatment type, and generally
increase by approximately 65% across each type.

300
250

Tonnes (Thousands)

In 2016, Richmond Hill produced over 150,000 tonnes of solid
waste (Figure 45). Approximately 55% of it was sent to Durham
Region for combustion to energy at the waste to energy plant,
while 7% was recycled and 38% was biologically treated
(through composting and/or anaerobic digestion).

Solid waste production by type is expected to scale with the
population in the NZS which is similar to BAP levels, resulting
in an increase by over 100,000 tonnes by 2050. (figure 48)

The NZS assumes an anaerobic digester is implemented and
scaled up in York Region to handle organic waste as well as
wastewater. The digester creates usable biogas and renewable
natural gas which helps to displace natural gas use in the city.
Emissions associated with the energy used at recycling facilities
is accounted for in the buildings sector. Similarly, emissions
associated with the transportation of waste are accounted for
under the transportation sector. Landfill emissions include
those from open and closed landfills.
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Figure 40: Solid waste by treatment type, Net-Zero Scenario, 2016-2050
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In 2016, over 21 million cubic metres of wastewater was
treated in Richmond Hill in 2016 in a central treatment facility
in Durham Region. By 2051, approximately 26 million cubic
metres will be sent to the treatment facility.
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Figure 41: Solid waste tonnage by type, NZS, 2016-2050.
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Waste Sector Emissions
In 2050, Richmond Hill is anticipated to produce more than

250

approximately 250,000 tonnes of solid waste. The city will

200

The scenario projects that 55% of waste will be sent for

150

combustion (externally), 40% of solid organic waste will be

ktCO2e

produce approximately 26 million cubic metres of wastewater.

sent to an anaerobic digester, and less than 10% recycled.
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2050.
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In the NZS, the reduction in waste GHG emissions reaches
capture whereby all organic material is used to make RNG. The
increased waste sent externally for combustion also limits

Figure 42: GHG emissions from Solid and liquid waste emissions, NZS, 20162050.

landfill decay and the emissions associated with it.
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approximately -94% by 2050 as a result of increased methane
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Figure 43: GHG emissions from combustion, NZS, 2016-2050.
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Part 2. Net Zero GHG Emissions
Financial and Economic Analysis
Summary
This summary describes the funding considerations for the
transition to net-zero greenhouse gas (GHG) emissions, along
with revenues, economic development opportunities and
employment impacts. The analysis also calculates a “Marginal
Abatement Cost Curve” (MACC) as one tool for evaluating and
ranking low carbon actions.
The table below highlights the key findings from the financial
analysis of the Net-Zero target. A glossary of terms is included

Table 10: Summarized financial reporting

Financial Aspect

Financial
Indicator

Key Results

Total Incremental
(Additional over BAP)
Investment (2020-2050)

2016 dollars (billions), $8.6 billion (2020-2050), undiscounted,
Cumulative
average of $250 million annually. Net
present value of $5.5 billion.

Total savings and revenues 2016 dollars (billions) $12.3 billion (2020-2050), undiscounted.
(2020-2050)
Net present value $6.4 billion.
Net-Present Value of the
2016 dollars
investments from 20202050 (3% discounting rate)
Top MACC actions

Marginal abatement
cost/savings ($/tonne

in the summary.

CO2e)

$1.0 billion

1.
2.
3.
4.
5.

Electrification of Transit System
Increase share of multi-family
housing compared to detached
Sustainability education
campaign
Municipal Building Retrofits
Solar PV on new buildings

Employment

Person years of
employment

64,000 person years of employment,
average of 2,000 person years annually

Annual savings on
household energy
expenditures

2016 dollars

$2,700 annually by 2050

Energy Dollars spent on
local energy generation

Percentage of total
expenditures on
energy

Approximately +50% from 2016 levels
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The Emission Reduction Actions --

For each action (or a project or program), the financial

Costs and Benefits

the measure over the life of the measure. These costs include

modeling tracks incremental costs and savings associated with
the incremental capital costs for implementation as well as
incremental costs and savings associated with energy use and

The marginal abatement cost for each of the actions was

operation and maintenance over the life of the measure. For

calculated. The marginal abatement cost is equal to the net

most measures, the capital investments and resulting fuel and

present value (NPV) of the capital and operating costs and

electric cost savings dominate the evaluation, but the

savings resulting from the action (or program), divided by the

comprehensive and integrated nature of the CityInsight model

total GHG emissions reductions (tCO2e) over the life of the

supports the analysis of the direct and indirect financial

measure. For example, if a project had a net present value of

impacts throughout the system. For example, in the case of

$1,000 and generated 10 tCO2e of savings, the marginal

Action 1(restricting 90% of development to key development

abatement cost would be $100 per tCO2e reduced. For this

areas and identified infill areas), the model tracks the energy

analysis, a negative NPV equals savings; this results when the

and emissions impacts on residential and commercial

discounted savings associated with the measure are greater

buildings, personal vehicles, commercial vehicles, municipal

than the combination of the discounted capital and operating

infrastructure and transit use.

costs over the project lifetime. For purposes of present value
calculations, a discount rate of three percent is used

Table 2 summarizes assumptions used for cost calculations.

25

throughout this analysis.

25

Environment and Climate Change Canada. (2016). Technical update to
Environment and Climate Change Canada’s social cost of greenhouse gas estimates.
Retrieved from http://ec.gc.ca/cc/BE705779-0495-4C53-BC29-

6A055C7542B7/Technical%20Update%20to%20Environment%20and%20Climate%2
0Change%20Canadas%20Social%20Cost%20of%20Greenhouse%20Gas%20Estima
tes.pdf
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Table 11: Financial assumptions.

Program 1 : Transportation
Target

Capital Investment Assumption

Transformation

1

Expand rapid transit and Bus Rapid Transit

2

Electrify transit system
Increase/improve cycling & walking

3

infrastructure

4

E-Bikes & Last Mile Service

5

Car Free Zone in RH Centre

6

Electrify personal vehicles

7

Low carbon commercial transport activity

- The cost of an electric vehicle is approximately $55,000 in 2016 and below $34,000 by 2050.
90% of personal car sales are electric by 2050.
- Fuel cost of gasoline per litre goes up to 51% with carbon tax and market factors added by
2030 .

Program 2: Efficient Buildings
8

New res. buildings w/ heat pumps

- The cost for new construction of buildings on a $/m2 is estimated to be:

8a

New res. buildings w/ solar PV

Double: $1,372 / m2

Single-detached: $1,722 / m2
Apt 1-4 storey $2,476 / m2

9

New industrial building standards (TGS)

Apt 5-14 storey $2,664 / m2
Apt > 15 storey $2,778 / m2

10

New commercial building efficiency

- The premium associated with meeting high efficiency building standards is assumed to
average 10%.
- Energy savings associated with high efficiency buildings is calculated to be 80-90% over
existing building stock
- A residential heat pump has a capital cost of approximately $6,000 (non-res is ~$10,000 and
scaled to the heating requirement), with approximately $160 annually to operate (~$400

10a

Commercial buildings w/ solar PV

annually for non-res)
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Existing Buildings
11

Retrofit homes / energy efficiency

11a

Residential electric water heaters

11b

Heat pump as part of residential retrofits

12

Retrofits industrial buildings

-80% of buildings are retrofit, both residential and non-residential.

Industrial Improvements (process

Residential: Apt. - $839, row house - $1,117, semi-detached - $1,923, single - $1,959

motors/efficiency)

Non-Res: $800-1,000

12b

-The average cost of retrofits was assumed to be (per GJ of energy saved):

- A residential heat pump has a capital cost of approximately $6,000 (non-residential is
13

Retrofits of commercial and industrial

~$10,000), with approximately $160 annually to operate (~$400 annually for non-residential)

Program 3: Smart, Renewable Energy
14

Solar PV- net metering all and new buildings
Install energy storage to reduce curtailment of

15

renewable energy to 15% by 2050
150 MW Ground Solar Farm, 15MW on parking

16

lots
Develop a district energy system in the

-Solar PV, wind, and storage have a capital cost of approximately $2,000 per kW. The capital

17

downtown

cost is expected to decrease towards 2050

18

50 MW Wind Farm

- The lithium ion battery for energy storage is anticipated to decrease by as much as %50 by
2050.
- The district energy(DE) system has a capital cost of $894,000 / MW for the first year of DE

19

Hydrogen introduced to natural gas networks

capacity expansion. 6.6 MW of DE is installed in 2025 and again in 2030.

Program 4: Towards Zero Waste
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25% less water use (technology & behaviour
20

change)

- Behaviour change programs are a cost of staff and communications from the city
- Scaling up anaerobic digestion requires an estimated $10.8 million of capital investment. The
20a

Wastewater to energy

process will produce approximately 8.9 million m3 of RNG.

21

Organic Waste to RNG

- Revenue is $105/mWH for RNG use

Program 5: Compact Community
22

Land Use Intensification

23

Reduce avg. dwelling size by 20%

- Capital costs associated with land use intensification encompass standard investment in the

24

Decrease share of single-detached housing

- Generally with more infill development new infrastructure spending decreases.

community such as new housing developments

Program 6: Municipal Leadership
25

Retrofit municipal buildings

See retrofit and solar PV figures in Program 2

25a

Solar PV on municipal buildings

Solar figures from Program 3

26

Electric Municipal Fleet

Transport figures from Program 1

27

Sustainability Education Plan

- Behaviour change programs are a cost of staff and communications from the city

Program 7: Natural Heritage
Urban Forestry Management Plan
28

Implementation

29

Natural Heritage Strategy

-

Approximately $30-50 per tree planted
-

Total cost of woodland restoration is valued over $360,000 in total
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Energy cost projections were derived from the Long Term

An escalating cost of carbon was derived from projections

Energy Plan (electricity), the US Energy Information

from EnviroEconomics for the period between 2017-2020 and

Administration (propane) and the National Energy Board (all

then extrapolated to 2040 where the carbon price would be

other fuels) (Figure 4). Note that the analysis is sensitive to the

$120/tonne (Figure 5.).26 Since this assumption was

electricity and natural gas costs. Electricity costs are projected

developed, the Federal Government of Canada announced a

to increase more rapidly than natural gas; if natural gas

carbon price increase to $170/tonne by 2030 which wasn’t

increases more rapidly, then the financial benefit of many of

modelled in this analysis. As a result, the NPV and value of the

the actions increases; if on the other hand, electricity costs

MAC analysis will increase with the new carbon price.

increase more rapidly, the financial benefit decreases.
Table 3 summarizes the net present value, cumulative

70

$/GJ

30

without the carbon price for each action. The data is presented
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50
40

emissions reduction and marginal abatement cost (with and

64

60

33
27

25

20

21

10

35
25

21

14

Natural Gas

as an marginal abatement cost curve in Figure 6 for the case

Electricity

that includes the carbon price.

Fuel Oil
Propane
Other
Gasoline
Diesel

12

11

2042

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

0

Figure 44: Projected fuel costs.

26 “Assessing Canada's Carbon Price Pathways” n.d. EnviroEconomics. Retrieved from: Assessing

Canadian Carbon Pricing Pathways (enviroeconomics.org)
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Table 12: MACC Financial results.
Net present value (Million $)*
Action

Spatial distribution
Increased Multi-family housing
New residential building efficiency
New Non-res. building standards
Retrofit homes
Retrofit municipal buildings
Retrofits of commercial and industrial
Industry (process motors/efficiency)
Education Campaign

Downtown District Energy
Residential - new residential heat pumps
Residential - new residential Solar PV
Commercial - New commercial Energy Efficiency
Commercial - new commercial Solar PV

Total GHG savings
over project

Marginal abatement cost/savings ($/tonne CO2e)

Without value on

With assumed

carbon

carbon price

-$89.3

-$173.5

1,137

-$79

-$153

-$302.2

-$305.3

83

-$3,644

-$3,682

$10.9

-$8.4

296

$37

-$28

-$73.7

-$114.4

498

-$148

-$230

$1,203.1

$1,036.8

1,597

$753

$649

-$24.1

-$32.2

191

-$126

-$168

-$319.0

-$405.0

784

-$407

-$517

-$98.8

-$109.5

258

-$383

-$425

-$98.8

-$109.5

19

-$5,215

-$5,779

-$36.1

-$36.9

426

-$85

-$87

$42.2

$22.4

583

$72

$38

$517.5

$486.9

198

$2,620

$2,465

-$266.2

-$274.5

541

-$492

-$507

$185.4

$124.6

106

$1,757

$1,181

lifetime (ktCO2e)

Without value on
carbon

With assumed carbon price
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-$117.9

-$122.3

1,028

-$115

-$119

$389.2

$330.3

218

$1,789

$1,518

$68.4

$56.7

73

$934

$774

-$39.5

-$42.9

872

-$45

-$49

$36.9

$21.5

120

$309

$180

-$141.5

-$146.2

184

-$767

-$793

Wind

-$331.6

-$343.8

83

-$4,005

-$4,153

Expand Transit

-$63.5

-$66.8

2,141

-$30

-$31

Electrify transit system27

-$386.0

-$586.6

4

-$106,228

-$161,426

Increase/improve cycling & walking infrastructure

-$27.4

-$27.7

1,102

-$25

-$25

-$989.5

-$1,049.7

185

-$5,352

-$5,678

Electrify personal vehicles

-$33.6

-$41.7

2,315

-$14

-$18

Low carbon commercial transport freight

-$767.2

-$906.5

1,532

-$501

-$592

-$563.7

-$630.9

53

-$10,537

-$11,794

Car Free Zones

-$45.8

-$47.2

37

-$1,252

-$1,291

Water Conservation

-$156.2

-$156.3

662

-$236

-$236

-$0.1

-$10.4

526

$0

-$20

$114.4

$92.5

650

$176

$142

$9.3

$7.9

87

$106

$90

Retrofit homes - water heaters and heat pumps
Residential heat pump retrofits
Add Solar PV on existing Municipal Buildings
Retrofit commercial and industrial water heating
Solar PV- net metering all and new buildings
Ground Solar Array

Electrify municipal fleets

E-Bikes

Renewable Natural Gas
Hydrogen
Sequestration

27

Cost accounts for fleet conversion only and bus operation, not cost of infrastructure upgrades
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Totals/averages 2050

-$1,728

-$2,930

18,749

-$92

-$156

*Note: In the convention used for this analysis, costs are positive numbers and savings and revenue are negative. Therefore a negative present value in this table
indicates a net return and a negative abatement cost indicates the action more than pays for itself.

With the assumptions employed in the modeling, for the suite
of actions as whole, the present value of the fuel and electricity
savings is greater than the cost, even without including
allowance for the value of the carbon savings. There is only
one action for which the assumed carbon price makes the
difference in whether the action is cost effective -- new
residential development targets. Ten of the actions have net
costs, with or without inclusion of the carbon price. The
highest cost action is Hydrogen production and distribution
where the price is highly speculative as of 2020, but most
projections anticipate the price to decline towards 2050.28

28

Big Oil’s Long Bet on Hydrogen Offers a Climate Lifeline. 2020. Bloomberg Energy. Retrieved from: https://www.bloomberg.com/news/articles/2020-06-25/big-oil-s-long-bet-onhydrogen-offers-a-climate-lifeline
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Figure 45: Marginal abatement curve, 2050 Scenario.

While the MACC illustrates the financial profile of the
suite of actions, it is an imperfect indicator. The
presentation of the MACC implies that the actions are a
menu from which individual actions can be selected. In
fact, many of the actions are dependent on each otherfor example the district energy cost increases without
retrofits. Another important message is that in order to
achieve the City’s target all the actions need to be
undertaken, as soon as possible. While there can be a
tendency to wait for technological improvements, this
has the effect of reducing the value of the savings that
can be achieved for households and businesses, and as
is demonstrated further in this report, the new
employment opportunities that can be created.
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It is also important to note that cost savings or avoided costs
are not the only consideration in undertaking actions that
reduce greenhouse gas emissions. A number of the measures
also provide social goods or important services to the

Target big GHG
movers first

community, and the GHG reductions are additional to the

Focus on
supporting
innovation
to reduce
the higher
cost actions

provision of those services. These social goods and other
considerations are not reflected in marginal abatement curves.
The MACC provides useful insights that guide implementation
planning:
-

Bundle high cost and high savings
measures to deliver a program that
generates savings

Can high cost and high savings actions be bundled to
achieve greater GHG emissions reductions?

-

How can the City help reduce the costs of the high cost
actions by supporting innovation or by providing
subsidies?

-

Which actions both save money and reduce the most
GHG emissions? These can be considered the big
moves.

-

Which actions are likely to be of interest to the private
sector, assuming barriers can be removed or

Focus
regulations and
policies on
actions which
are likely to be
financially
appealing to
the private
sector

Focus public
investments on
the actions with
financial profiles
that don’t work
for the private
sector

supporting policies introduced?
Figure 46: MACC Analysis
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Community-wide Economic

electric vehicles and the cost of internal combustion vehicles.

Impacts

result of major investments in retrofits.

The incremental investments peak at $363 million in 2047 as a

Cash Flow Analysis
The investments required to implement the actions in the NZC
scenario are the incremental or additional costs of achieving
the low carbon outcomes, over and above the background
level of investment in these same areas (buildings, vehicles,
infrastructure, energy production, etc) that occurs in the
business-as-planned (BAP) projection. The incremental
difference between the NZS and the BAP represents the total
additional investment required to finance a near zero
emissions reduction by 2050 (Figure 7) and amounts to 2019
$8.6 billion (NPV $5.5 billion) over the 2020-2050 period,
representing an an average of about $250 million per year in

Figure 47: Incremental investment in the Net-Zero scenario over the BAP.

opportunities for existing and future businesses in all sectors.
This background investment level in Richmond Hill is in the

The year-by-year costs, savings and revenue for fully

range of $2 billion per year, or $67 billion over the 2020-2050

implementing the actions in the 2050 scenario are shown in

scenario period, implying the low carbon scenario requires an

detail in Figure 7 and in an aggregated form in Figure 8, as

increase in investment in these areas on the order of 10-13%.

undiscounted cash flows, with costs shown as positive
numbers and savings and revenue from the actions as negative

A short dip in investments occurs in 2022 as the city begins its

numbers. As is characteristic of low carbon transitions, the

car-free zone implementation, resulting in a reduction in

capital investments in the early years of the transition are

investments in vehicles. A further prolonged dip in investment

greater than the savings and revenues generated, but by 2032

occurs after 2030 as the gap closes between the cost of

the annual benefits exceed the annual investments and the
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cumulative benefits are greater than the cumulative costs by
2040.

Figure 48: Undiscounted investments, savings and revenues from the low
carbon scenario, 2020-2050
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Figure 49: Undiscounted investments, savings and revenues from the low
carbon scenario, aggregated categories, 2020-2050.

As noted above, most of the actions in the low carbon scenario

fuel and electricity cost savings, GHG emission savings and

have a positive NPV, as does the program of investments

revenue from local energy generation. After

taken as a whole. Figure 7 shows the NPV of the major
components of the cash flow -- investments, O&M savings,
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discounting (at 3%), the investments in the program have a
present value of approximately $5.5 billion and the returns

Figure 50: Present values of low carbon scenario component costs and savings,
and net present value of the scenario.

have a present value of approximately $6.5 billion, for a NPV of
the whole scenario of $1.0 billion.

An ancillary benefit of the net zero scenario is the stimulation
of risk mitigation within the private sector. For
example, using global fossil reserves is
incompatible with emissions reductions
targets.29 Enterprises or investors with
ownership of these reserves face a risk that
these assets may be stranded. Actions to reduce
GHG emissions help to refocus the economy on
low carbon solutions; delaying policies on
climate action increases the risk of stranded
assets in both the public and private sectors.30
On the opportunity side, new markets and
investment opportunities are emerging;
technology companies are increasingly looking
for opportunities to deploy satellite offices and
data centres in areas with reduced risk of
instability.31

29

Carbon Tracker Initiative. (2011). Unburnable carbon: Are the world’s financial
markets carrying a carbon bubble? Retrieved from http://www.carbontracker.org/wpcontent/uploads/2014/09/Unburnable-Carbon-Full-rev2-1.pdf

30

Nelson, D., Herve-Mignucci, M., Goggins, A, Szambelan, S., Vladeck, T., &
Zuckerman, J. (2014). Moving to a low-carbon economy: The impact of policy pathways
on fossil fuel asset values.
31

The Gandalf Group. (2015, November 5). View from the Top: The C-Suite’s View of
Energy and the Environment. Presentation at Green Economy Ontario conference
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In addition to new investment opportunities, actions in the net

jobs may be displaced or eliminated each year, but they

zero scenario result in lower operating costs for businesses as

represent new employment opportunities within the city.

energy costs are reduced across the city.

New Job Opportunities

Transitioning to a low- or zero-carbon economy is
expected to have four categories of impacts on
labour markets: additional jobs will be created in
emerging sectors, some employment will be shifted
(e.g. from fossil fuels to renewables), certain jobs
will be reduced or eliminated (e.g. combustion
engine vehicle mechanics), and many existing jobs
will be transformed and redefined.32
Figure 8 uses employment multipliers to illustrate
the effect of projected investments in the net zero
scenario on person-years of employment, over and
above the jobs associated with the BAP scenario.
Over 68,000 person-years of employment are
added, an average of 2,000 person years of employment per
year. These do not necessarily represent new jobs, as some

Figure 51: Additional person-years of employment associated with LCS actions.

32

Martinez-Fernandez, C., Hinojosa, C., & Miranda, G. (2010). Green jobs and skills: the
local labour market implications of addressing climate change. Working Document,
OECD. Retrieved from http://www.oecd.org/regional/leed/44683169.pdf
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due to the arrival of more electric vehicles, which require less
maintenance than the internal
Sectors which benefit include businesses involved in retrofit

combustion engine.

activities, renewable energy installation & maintenance, and
transit service operations. The investments in renewable
energy and building retrofits will provide opportunities for
tradespeople, equipment suppliers, contractors, and associated
services such as engineering, legal, and financial. The analysis
indicates that these investments will generate new
employment locally.

Cost Savings for Households
Household expenditures on energy – natural gas, electricity,
gasoline and diesel – are projected to increase in the BAP and
decline in the net zero scenario. In the BAP, household energy
expenditures are relatively flat because vehicles become more
efficient due to national fuel efficiency standards and because
of decreased heating requirements as the climate becomes

For example, every million dollars invested:
…is expected to generate 9 person-years of employment
when spent on building
Retrofits.
…is expected to generate 8 person-years of employment
when spent on communityscale energy systems.
…is expected to generate 3 person-years of employment
when spent on new vehicles.
As a negative rebound from the Net-Zero transition,
automotive trades may see a net decline in jobs

milder due to climate change. The net-zero scenario involves
shifting away from natural gas and gasoline to electricity, a
more costly energy source. The increased cost of electricity,
however, is offset by the increased efficiency of homes as
required by building codes and in the case of electric vehicles
by the high efficiency of the electric motors as compared to
internal combustion engines. The carbon price also adds to the
cost of using fossil fuels for heating and transport. In the netzero scenario, an average Richmond Hill household in 2050
spends $1,700 on fuel and electricity (household energy and
transportation expenditures) in 2016 dollars, nearly 50% less
than what people spent in 2016 and will spend in the 2050
BAP scenario. Between 2018 and 2050, the NZS saves the
average Richmond Hill household $23,000 on fuel and
electricity expenditures.
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development on the outskirts of the city or in neighbouring

$6,000
$5,000

municipalities. Additional suburban development may increase

$5,401

emissions from commuter and freight transportation.33
$4,459

Another consideration is the potential for a rebound effect,

$

$4,000

whereby households use the financial savings resulting from

$3,000

$2,000

$1,672

$1,000

BAP

energy efficiency gains to access services that use more energy

NZS

and increase GHG emissions. The additional financial resources
may, however, increase wellbeing, particularly for low-income
households.

Retaining Energy Dollars in the Community

$2020 2024 2028 2032 2036 2040 2044 2048
Figure 52: Average annual household expenditures on fuel and electricity for
homes and transportation, 2020–2050

In the baseline analysis completed for the Richmond Hill CEEP,
it was found that of the $462 million the community spends
annually on fuel and electricity, approximately 82% leaves the
municipal borders. In the net zero scenario, a shift towards

Depending on the policy and business strategies employed in

increased local renewable electricity generation occurs

the implementation of the low carbon scenario, some of these

including renewable natural gas and biogas (from solid waste

savings will be used to pay back the capital investments in

and wastewater). Local electricity generation grows from close

efficiency and fuel switching, but as noted in the NPV analysis

to 0% of the City’s production in 2016 to 34% of total

of both the individual actions and the scenario as a whole,

community production in 2050, from .02 PJ to approximately 4

savings more than offset the investments.

PJ. Of total electricity production in 2050, 41% is generated
locally (Figure 10).

The increased focus on intensification in the net zero scenario
may drive up housing prices and stimulate lower cost

33

Gaigné, C., Riou, S., & Thisse, J.-F. (2012). Are compact cities environmentally
friendly? Journal of Urban Economics, 72(2), 123–136.
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In the net zero scenario, households spend 74% less on natural
gas, and nearly 100% less on gasoline and diesel costs. The net
zero scenario projects an average of $19 per household dollars
spent on district energy (where implemented) $60 per
household on biogas or renewable natural gas which are both
up from $0 in 2016. In the net zero scenario it is projected that
up to 50% of energy dollars will be retained in the community.
As mentioned earlier, this results in more discretionary
spending for middle-class and above households, and can also
result in savings for lower income households.
25
RNG

20

Local Electricity
Fuel Oil

15

PJ

Propane
Other

10

Diesel
Imported Electricity

5

Gasoline
Natural Gas

2049

2046

2043

2040

2037

2034

2031

2028

2025

2022

2019

2016

0

Figure 10: Average annual household expenditures on fuel and electricity for
homes and transportation, 2020–2050
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Appendices
Appendix 1: Energy and GHG Emissions Summary Tables
Energy by sector (PJ)

2016

share 2016

2050 (NZS)

share 2050

% +/NZS
2016-2050

Commercial

3

15%

2

17%

-45%

Industrial

2

10%

3

24%

24%

Residential

8

40%

4

38%

-54%

Transportation

7

35%

2

21%

-70%

10

100%

-50%

Total
Energy by fuel (PJ)

21

100%

2016

share 2016

2050 (NZS)

share 2050

% +/NZS
2016-2050

Diesel

2

7%

0

1%

-96%

Fuel Oil

0

1%

0

0%

-84%

Gasoline

6

26%

0

1%

-99%

Imported Electricity

4

20%

5

45%

11%

Local Electricity

0

0%

4

38%

24405%

Natural Gas

8

41%

1

6%

-93%

Other

1

3%

0

4%

-41%

Propane

0

1%

0

0%

-89%

RNG

0

0%

1

6%

-
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21

Total
Energy by End Use
(PJ)

2016

100%

0

share 2016

0%

2050 (NZS)

share 2050

-50%
% +/NZS
2016-2050

Industrial Processes

1

7%

2

20%

48%

Lighting

1

4%

1

7%

-8%

Major Appliances

1

3%

1

7%

39%

Plug Load

1

5%

1

10%

14%

Space Cooling

0

1%

0

2%

-16%

Space Heating

8

37%

2

18%

-76%

Transportation

7

35%

2

21%

-70%

Water Heating

2

9%

1

13%

-26%

21

100%

10

100%

-50%

31

-60%

Total
Energy per capita
(GJ/person)

103

Emissions by sector
(ktCO2e)

2016

share 2016

2050 (NZS)

share
2050

% +/NZS
2016-2050

119

10%

8

9%

-93.24%

Energy Production

0

0%

0

0%

-

Fugitive

8

1%

0

0%

-100.00%

43

4%

21

24%

-51.78%

Commercial

Industrial

79

Residential

336

28%

15

18%

-95.51%

Transportation

473

40%

38

44%

-91.99%

Waste

210

18%

13

16%

-93.57%

Total

1188

100%

85

100%

-92.83%

Emissions by source
(ktCO2e)

2016

share 2016

2050 (NZS)

Share
2050

% +/NZS 2016-2050

AFOLU

0

0%

-10

-12%

-

Diesel

109

9%

4

5%

-96.22%

Fuel Oil

11

1%

2

2%

-83.54%

Fugitive

8

1%

0

0%

-100.00%

366

31%

4

4%

-98.99%

45

4%

69

81%

54.19%

413

35%

0

0%

-100.00%

Other

11

1%

1

2%

-87.61%

Propane

15

1%

2

2%

-88.74%

0

0%

0

0%

-

210

18%

13

16%

-93.57%

85

100%

-92.83%

Gasoline
Imported Electricity
Natural Gas

RNG
Waste
Total
Emissions per capita
(tCO2e/person)

1188 100%
6

.4

-93%
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Transportation
energy by fuel
(PJ)

2016

share 2016

2050 (80%)

share 2050

% +/NZS 2016-2050

Biodiesel

0.0

0%

0

0%

-99%

Diesel

1.5

20%

0

0%

-99%

Electricity

0.0

0%

2

97%

1829084%

Ethanol

0.2

3%

0

0%

-99%

Gas

5.5

76%

0

3%

-99%

Total

7.2

100%

2

100%

-70%

Transportation
energy by vehicle
type (PJ)

2016

share 2016

2050 (80%)

share 2050

% +/NZS 2016-2050

Car

2.8

39%

0

21%

-84%

Heavy truck

0.5

7%

0

10%

-60%

Light truck

3.2

45%

1

49%

-67%

Urban bus
/Subway

0.7

9%

0

20%

-35%

Total

7.2

100%

Transportation
emissions by fuel
(ktCO2e)

Diesel
Electricity
Gas

2016

share 2016

2 100%
2050 (80%)

-70%

share 2050

% +/NZS 2016-2050

105

22%

1

1%

-99.49%

0

0%

32

88%

2634127.97%

366

78%

4

10%

-98.99%
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Total
Transportation
emissions by
vehicle type
(ktCO2e)

Car

471

100%

2016

share 2016

36
2050 (80%)

100%
share 2050

-92.38%
% +/NZS 2016-2050

180

38%

5

15%

-97.04%

Heavy truck

37

8%

2

6%

-94.31%

Light truck

207

44%

12

33%

-94.32%

Urban bus /
Subway

46

10%

17

46%

-64.17%

471

100%

36

100%

-92.38%

Total
Buildings energy (PJ)
by building type

2016

share 2016

2050 (NZS)

share 2050

% +/NZS 2016-2050

Commercial

3

23.1%

2

21%

-45%

Industrial

2

15.1%

3

31%

24%

Residential

8

61.8%

4

48%

-54%

14

100.0%

8

100%

-40%

Total
Buildings energy (PJ)
by fuel

2016

share 2016

2050 (NZS)

share 2050

% +/NZS 2016-2050

Diesel

0.0

0%

0.02

0%

-27%

District Energy

0.0

0%

0.33

4%

-

Fuel Oil

0.2

1%

0.03

0%

-84%

Imported Electricity

4.3

31%

6.47

79%

52%

Natural Gas

8.5

62%

0.59

7%

-93%
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Other

0.4

3%

0.06

1%

-86%

Propane

0.3

2%

0.03

0%

-89%

RNG

0.0

0%

0.63

8%

-

Solar (sold to grid)

0.0

0%

0.0007

0.01%

-

13.6

100%

8.16

100%

-40%

Total
Buildings energy (PJ)
by end use

2016

Industrial Process

share 2016

2050 (80%)

share 2050

% +/NZS 2016-2050

31

6%

18

42%

-42%

Lighting

9

2%

4

9%

-54%

Major Appliances

8

2%

3

7%

-62%

11

2%

6

14%

-47%

Space Cooling

3

1%

1

2%

-66%

Space Heating

344

71%

5

12%

-99%

Water Heating

81

17%

5

13%

-93%

487

100%

42

100%

-91%

Plug Load

Total
Buildings emissions
(ktCO2e) by building
type

2016

Commercial

share 2016

2050 (NZS)

share 2050

% +/NZS 2016-2050

119

24.4%

8

19%

-93%

43

8.8%

21

49%

-52%

Residential

325

66.8%

14

32%

-96%

Total

487

100.0%

42

100%

-91%

Industrial

Buildings emissions
(ktCO2e) by fuel

Diesel

2016

share 2016

2

0%

2050 (NZS)

share 2050

2

4%

% +/NZS 2016-2050

-27%
83

Fuel Oil

11

2%

2

4%

-84%

Imported Electricity

45

9%

37

88%

-17%

413

85%

0

0%

-100%

15

3%

2

4%

-89%

487

100%

42

100%

-91%

Natural Gas
Propane
Total
Buildings emissions
(ktCO2e) by end use

2016

share 2016

2050 (NZS)

share 2050

% +/NZS 2016-2050

Industrial Processes

98,073

4.0%

52,690

6.3%

-46.3%

Plug Load

96,677

3.9%

55,275

6.6%

-42.8%

Major Appliances

35,642

1.5%

19,144

2.3%

-46.3%

Lighting

79,071

3.2%

38,653

4.6%

-51.1%

Water Heating

463,408

18.9%

272,662

32.5%

-41.2%

Space Cooling

22,683

0.9%

17,907

2.1%

-21.1%

Space Heating

1,653,708

67.5%

381,493

45.5%

-76.9%

Total

Waste emissions (ktCO2e)
by building type

2,449,264

2016

837,824

share 2016

NZS 2050

-65.8%

share 2050

% +/NZS
2016-2050

Biological

14.26985

6%

1.171979

2%

-91.79%

Landfill

131.7952

55%

12.24495

19%

-90.71%

Wastewater

63.67318

27%

0.067007

0%

-99.89%

Total

239.8608

100%

63.09015

100%

-73.70%

Waste Tonnage Volume
by Treatment Type
(tonnes)

2016

share 2016

NZS 2050

share 2050

% +/NZS
2016-2050

84

combustion

90,648

55%

149,155

55%

65%

Bio Treatment

63,309

38%

103,991

38%

64%

recycling

11,943

7%

19,645

7%

64%

Total

165,900

Solid Waste Tonnage by
type (tonnes)

2016

272,791
share 2016

NZS 2050

64%
share 2050

% +/NZS 2016-2050

Compost

75,195

45%

123,515

45%

64%

Paper

36,713

22%

60,378

22%

64%

Plastic and Metal

12,168

7%

20,037

7%

65%

Other

19,124

12%

31,382

12%

64%

Food, Beverage & Tobacco

11,523

7%

19,024

7%

65%

Wood

6,762

4%

11,164

4%

65%

Petroleum Products

1,242

1%

2,051

1%

65%

Rubber

1,035

1%

1,709

1%

65%

Construction Demolition

2,139

1%

3,531

1%

65%

Total

165,900

272,791

64%
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Term

Definition

1.5°C warmer
worlds

Projected worlds in which global warming has reached and, unless otherwise indicated, been limited to 1.5℃
above pre-industrial levels. There is no single 1.5℃ warmer world, and projections of 1.5℃ warmer worlds
look different depending on whether it is considered on a near-term transient trajectory or at climate
equilibrium after several millennia, and, in both cases, if it occurs with or without overshoot. Within the 21st
century, several aspects play a role for the assessment of risk and potential impacts in 1.5℃ warmer worlds:
the possible occurrence, magnitude and duration of an overshoot; the way in which emissions reductions are
achieved; the ways in which policies might be able to influence the resilience of human and natural systems;
and the nature of the regional and sub-regional risks. Beyond the 21st century, several elements of the
climate system would continue to change even if the global mean temperatures remain stable, including
further increases of sea level.

Air pollution

Degradation of air quality with negative effects on human health or the natural or built environment due to
the introduction, by natural processes or human activity, into the atmosphere of substances (gases, aerosols)
which have a direct (primary pollutants) or indirect (secondary pollutants) harmful effect.

Anthropogenic
emissions

Emissions of greenhouse gases (GHGs), precursors of GHGs and aerosols caused by human activities. These
activities include the burning of fossil fuels, deforestation, land use and land-use changes (LULUC), livestock
production, fertilization, waste management and industrial processes.

Carbon dioxide

A naturally occurring gas, CO2 is also a by-product of burning fossil fuels (such as oil, gas and coal), of burning
biomass, of land-use changes (LUC) and of industrial processes (e.g., cement production). It is the principal
anthropogenic greenhouse gas (GHG) that affects the Earth’s radiative balance. It is the reference gas against
which other GHGs are measured and therefore has a global warming potential (GWP) of 1.

Carbon price

The price for avoided or released carbon dioxide (CO2) or CO2-equivalent emissions. This may refer to the
rate of a carbon tax, or the price of emission permits. In many models that are used to assess the economic
costs of mitigation, carbon prices are used as a proxy to represent the level of effort in mitigation policies.

34

IPCC, 2018: Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC
Special Report on the impacts of global warming of 1.5°C above pre-industrial levels
and related global greenhouse gas emission pathways, in the context of strengthening
the global response to the threat of climate change, sustainable development, and

efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J.
Skea, P.R. Shukla, A. Pirani, Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R.
Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, Maycock, M. Tignor, and T.
Waterfield (eds.)]. World Meteorological Organization, Geneva, Switzerland, 32 pp.

86

Carbon
sequestration

The process of storing carbon in a carbon sink. This is more likely to be in natural lands, forested areas, and
soils at the moment. The future may permit carbon sequestration technology.

Climate change

Climate change refers to a change in the state of the climate that can be identified (e.g., by using statistical
tests) by changes in the mean and/or the variability of its properties and that persists for an extended period,
typically decades or longer. Climate change may be due to natural internal processes or external forcings such
as modulations of the solar cycles, volcanic eruptions and persistent anthropogenic changes in the
composition of the atmosphere or in land use. Note that the Framework Convention on Climate Change
(UNFCCC), in its Article 1, defines climate change as: ‘a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global atmosphere and which is in
addition to natural climate variability observed over comparable time periods.’ The UNFCCC thus makes a
distinction between climate change attributable to human activities altering the atmospheric composition
and climate variability attributable to natural causes.

Cumulative
emissions

The total amount of emissions released over a specified period of time.

Decarbonization

The process by which countries, individuals or other entities aim to achieve zero fossil carbon existence.
Typically refers to a reduction of the carbon emissions associated with electricity, industry and transport.

Energy efficiency

The goal of a given country, or the global community as a whole, to maintain an adequate, stable and
predictable energy supply. Measures encompass safeguarding the sufficiency of energy resources to
meet national energy demand at competitive and stable prices and the resilience of the energy supply;
enabling development and deployment of technologies; building sufficient infrastructure to generate, store
and transmit energy supplies; and ensuring enforceable contracts of delivery.

Equality

A principle that ascribes equal worth to all human beings, including equal opportunities, rights, and
obligations, irrespective of origins.

Equity

Equity is the principle of fairness in burden sharing and is a basis for understanding how the impacts and
responses to climate change, including costs and benefits, are distributed in and by society in more or less
equal ways. It is often aligned with ideas of equality, fairness and justice and applied with respect to equity in
the responsibility for, and distribution of, climate impacts and policies across society, generations,
and gender, and in the sense of who participates and controls the processes of decision-making.
Intergenerational equity. Equity between generations that acknowledges that the effects of past and present
emissions, vulnerabilities and policies impose costs and benefits for people in the future and of different age
groups.
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Feasibility

The degree to which climate goals and response options are considered possible and/or desirable. Feasibility
depends on geophysical, ecological, technological, economic, social and institutional conditions for change.
Conditions underpinning feasibility are dynamic, spatially variable, and may vary between different groups.

Fossil fuels

Carbon-based fuels from fossil hydrocarbon deposits, including coal, oil, and natural gas.

Green
infrastructure

The interconnected set of natural and constructed ecological systems, green spaces and other landscape
features. It includes planted and indigenous trees, wetlands, parks, green open spaces and original grassland
and woodlands, as well as possible building and street-level design interventions that incorporate vegetation.
Green infrastructure provides services and functions in the same way as conventional infrastructure.

Greenhouse gas
(GHG)

Greenhouse gases are those gaseous constituents of the atmosphere, both natural and anthropogenic, that
absorb and emit radiation at specific wavelengths within the spectrum of terrestrial radiation emitted by the
Earth’s surface, the atmosphere itself and by clouds. This property causes the greenhouse effect. Water
vapour (H2O), carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) and ozone (O3) are the primary
GHGs in the Earth’s atmosphere. Moreover, there are a number of entirely human-made GHGs in the
atmosphere, such as the halocarbons and other chlorine- and bromine-containing substances, dealt with
under the Montreal Protocol. Beside CO2, N2O and CH4, the Kyoto Protocol deals with the GHGs Sulphur
hexafluoride (SF6), hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs).

Lock-in

A situation in which the future development of a system, including infrastructure, technologies, investments,
institutions, and behavioural norms, is determined or constrained (‘locked in’) by historic
developments.

Methane (CH4)

One of the six greenhouse gases (GHGs) to be mitigated under the Kyoto Protocol and is the major
component of natural gas and associated with all hydrocarbon fuels. Significant emissions occur as a result of
animal husbandry and agriculture, and their management represents a major mitigation option.

Mitigation
measures

In climate policy, mitigation measures are technologies, processes or practices that contribute to mitigation,
for example, renewable energy (RE) technologies, waste minimization processes and public transport
commuting practices.

Net zero
emissions

Net zero emissions are achieved when anthropogenic emissions of greenhouse gases to the atmosphere are
balanced by anthropogenic removals over a specified period. Where multiple greenhouse gases are involved,
the quantification of net zero emissions depends on the climate metric chosen to compare emissions of
different gases (such as global warming potential, global temperature change potential, and others, as well as
the chosen time horizon)
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Net zero energy

Refers to a community-scale system or aspect of the built environment that produces as much energy as it
consumes. This can be a neighbourhood or building.

Paris Agreement

The Paris Agreement under the United Nations Framework Convention on Climate Change (UNFCCC) was
adopted on December 2015 in Paris, France, at the 21st session of the Conference of the Parties (COP) to the
UNFCCC. The agreement, adopted by 196 Parties to the UNFCCC, entered into force on 4 November 2016 and
as of May 2018 had 195 Signatories and was ratified by 177 Parties. One of the goals of the Paris Agreement
is ‘Holding the increase in the global average temperature to well below 2°C above pre-industrial levels and
pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels’, recognizing that this
would significantly reduce the risks and impacts of climate change.

Pathways

The temporal evolution of natural and/or human systems towards a future state. Pathway concepts range
from sets of quantitative and qualitative scenarios or narratives of potential futures to solution-oriented
decision-making processes to achieve desirable societal goals. Pathway approaches typically focus on
biophysical, techno-economic, and/or socio-behavioural trajectories and involve various dynamics, goals and
actors across different scales.
1.5°C pathway. A pathway of emissions of greenhouse gases and other climate forcers that provides an
approximately one-in-two to two-in-three chance, given current knowledge of the climate response, of global
warming either remaining below 1.5°C or returning to 1.5°C by around 2100 following an overshoot.
Adaptation pathways. A series of adaptation choices involving trade-offs between short-term
and long-term goals and values. These are processes of deliberation to identify solutions that are meaningful
to people in the context of their daily lives and to avoid potential maladaptation.

Policies

Policies (for climate change mitigation and adaptation). Policies are taken and/or mandated by a government
– often in conjunction with business and industry within a single country, or collectively with other countries
– to accelerate mitigation and adaptation measures.

Scenario

A plausible description of how the future may develop based on a coherent and internally consistent set of
assumptions about key driving forces (e.g., rate of technological change, prices) and relationships. Note that
scenarios are neither predictions nor forecasts, but are used to provide a view of the implications of
developments and actions.

Inequality

Uneven opportunities and social positions, and processes of discrimination within a group or society, based
on gender, class, ethnicity, age, and (dis) ability, often produced by uneven development. Income inequality
refers to gaps between the highest and lowest income earners within a country and between countries.

Uncertainty

A state of incomplete knowledge that can result from a lack of information or from disagreement about what
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is known or even knowable. It may have many types of sources, from imprecision in the data to ambiguously
defined concepts or terminology, incomplete understanding of critical processes, or uncertain projections of
human behaviour.)
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Appendix 3: Financial Glossary

The following terms are adapted from the “Investopedia
Database35” and apply to energy and emissions planning
initiatives.

Term

Definition

Accrual
accounting

Spreading capital costs over the lifetime of the asset.

Constant dollars
(Real Dollars)

A constant dollar is an adjusted value of currency used to compare dollar values from one period to
another. Due to inflation, the purchasing power of the dollar changes over time, so in order to compare
dollar values from one year to another, they need to be converted from nominal (current) dollar values to
constant dollar values. Constant dollar value may also be referred to as real dollar value.

Current dollars

Also known as nominal dollars, the dollar value of the product at the time it was produced.

Cost of Carbon

Accounting for the carbon pricing measure currently regulated by the Federal Government

Discounting rate

The interest rate used in discounted cash flow analysis to determine the present value of future cash flows.
It expresses the time value of money and can make the difference between whether an investment is viable
or not. If a project needs a certain investment now (ex, retrofit), and predictions are available about the
future returns it will generate (lower energy), then it is possible to calculate the current value of all cash
flows (using a discount rate).

Incremental Cost

Costs incurred as a result of an action, that is, costs that would not have been incurred had the action not
been carried out. For example, in a letting, it means any costs that result from the letting activity, including

35

“Dictionary” N.d. Investopedia. Retrieved from:
https://www.investopedia.com/financial-term-dictionary-4769738
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any additional operation and maintenance costs and any costs of servicing the real property to make it
more suitable for letting.
Total vs
incremental cost

An incremental cost is the difference in total costs as the result of a change in pursuing low carbon actions
instead of business as usual. Incremental costs are also referred to as the differential costs and they may be
the relevant costs for certain short run decisions involving two alternatives.

Lifecycle

Lifecycle of an asset is defined as the period of time between the initial conceptual design through detail
design, construction, operation, maintenance, renewal and ultimate replacement of an asset. There are
many activities associated with the lifecycle of an asset. The ability to recreate these activities as part of a
lifecycle analysis is key to effective lifecycle management.

Net Present
Value

Net present value (NPV) is the difference between the present value of cash inflows and the present value of
cash outflows over a period of time.
NPV is used in capital budgeting and investment planning to analyze the profitability of a projected
investment or project.

Operating &
Maintenance
Cost

Expenses incurred during the course of regular business, including admin, research. Recorded on a
company's income statement as expenses in the period when they were incurred. Leases are considered an
operating expense
O&M COST (Operating and Maintenance) Includes:
Fixed expenses, realty taxes, insurance, variable expenses, management, superintendent, supplies and
materials, utilities, heat, site maintenance, miscellaneous expenses, repairs and maintenance, reserves for
replacement
EXCLUDES:
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income, corporation and business taxes , capital cost allowance, capital improvements, debt service
Internal Rate of
Return

The internal rate of return is a metric used in financial analysis to estimate the profitability of potential
investments. The internal rate of return is a discount rate that makes the net present value (NPV) of all cash
flows equal to zero in a discounted cash flow analysis. IRR calculations rely on the same formula as NPV
does.

Investment
Horizon

When undertaking investment analysis covering several options, all options need to have the same time
zero. While investments are evaluated over the period of 25 years, installed equipment will also be tracked
over defined lifetimes.

Marginal Cost

Marginal cost is the cost of the next unit or one additional unit of volume or output.

Return on
Investment

Is the net income divided by investment. The term "investment" is used in three different senses in financial
analysis, thus giving three different return on investment figures: return on assets, return on owner's equity,
and return on invested capital.
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