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Draft1.1
Members of CACOR1 collaborated over the last 2.5 years to study certain aspects of climate
change and Canada’s part in the phenomenon. The fate of all our societies depends on how
we respond to what the reader will see below is truly a climate crisis we now face. Thus, it is
critical that we all understand how we got where we are and where we are likely to find
ourselves in coming years (see Background), and how Canada might find ways to contribute
to stabilizing the climate by reducing its greenhouse gas emissions (see Our Recent Work).

Background
Who: It Is All of Us
At the start of the Industrial Revolution circa 1760, there were 0.77 billion people alive.2 Only
about 130 thousand lived in Canada (70 thousand Europeans3 and 60 thousand Indigenous
people4). So, Canada had 0.02% of humanity.
By 1970, there were 3.68 billion living humans,5 the population having risen by 2.91 billion
(4.8 times) in two centuries. There were 21.4 million in Canada,6 our population having
increased by 21.3 million (165 times)—it was a veritable flood of settlers who largely
displaced the Indigenous population. Canada’s population then was 0.58% of humanity.
In 2020, just five decades later, there were 7.79 billion of us globally,7 the population having
grown by 4.1 billion (2.1 times), with 37.7 million in Canada,8 an increase of 16.3 million
(0.76 times). Canada had 0.48% of the global human population in 2020.
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Participants in this work included (in alphabetical surname order): David Dougherty, Jean Dougherty, Robert Hoffman, John
Hollins, Art Hunter, Gordon Kubanek, Edward Manning, David Pollock, Catherine Smith, and Nigel Weir .
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1

One can see that Canada’s population is still growing quickly, but less so than in earlier
times. However, our economic activities have been growing ever faster. While gross
domestic product (GDP) is an imperfect measure of the state of society in general,9 we have
no other indicators with sufficient data for comparative analyses.
Estimates place global GDP per person in 1760 at under US$1,000,10 where it had been for
many centuries.11 For the populace in Canada, economic conditions were likely similar.
Total global economic output estimates put GDP at US$1 trillion in 1760.12 Canada’s GDP at
that point can be estimated at less than US$130 million.
By 1970, world GDP had risen to US$2.5 trillion13 and Canada’s GDP had risen to US$87.9
billion.14 These were increases of 2.5 times globally and 675 times for Canada.
By 2020, world GDP had risen to US$84.7 trillion15 and Canada’s GDP had risen to US$1.64
trillion.16 The increases were 34 times and 19 times, respectively. Global GDP/person is now
about US$10.9 thousand; for Canada, GDP/person is US$43.2 thousand.
Every dollar of GDP requires energy and materials, and produces wastes. So, it isn’t hard to
see the impact of humans has risen dramatically, and the impact of people in Canada has
increased disproportionately. There are many more of us and our activities have intensified.
While some (mostly the rich) have contributed more than their fair share,17 we will all
experience the effects of our activities—again, some (mostly the poor) more than others.18
What: It’s the Gas We Put into Earth’s Atmosphere.
In 1760, the concentration of carbon dioxide (CO2) in the atmosphere is estimated to have
been ~278 parts per million (ppm).19 The estimated carbon dioxide equivalent (CO2eq)20
output of greenhouse gas (GHG) from fossil fuels was negligible.21
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https://www.worldometers.info/world-population/canada-population
https://www.scientificamerican.com/article/gdp-is-the-wrong-tool-for-measuring-what-matters/
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By 1970, the concentration of CO2 in the atmosphere at Mauna Loa, Hawaii, was 326 ppm.22
The estimated CO2eq output of GHG was 14.5 Gt globally23 and 360 Mt in Canada.24
So, Canada was emitting about 2.48% of global emissions. The increase in emissions is
staggering given the start from virtually zero.25
By 2020, CO2 in the air had risen to its highest level in 3.2 million years at 412 ppm. 26
Global emission of GHG has been estimated at 34 Gt CO2eq—down 6.4% from 36 Gt CO2eq in
2019 because of the coronavirus pandemic.27 GHG emission in Canada for 2020 hasn’t yet
been published, but in 2019 it was about 580 Mt CO 2eq just from fossil fuel and industrial
sources (Figure 1).28 Again, the increase was huge (up 2.3 times globally and 1.6 in Canada).

Figure 1. Canadian CO2 Emissions from fossil fuel and industry.

In fact, the Government of Canada reported that emissions in 2019 from all sources were
730 Mt CO2eq (Figure 2).29 We suspect the figure for all aspects of Canada’s emissions since
1970 was similarly 25% higher—still, Figure 1 is illustrative.
22

https://www.theguardian.com/environment/datablog/2009/sep/02/atmospheric-carbon-dioxide-concentration-emissions-climate
https://www.wri.org/insights/history-carbon-dioxide-emissions
24
https://www.statista.com/statistics/486006/co2-emissions-canada-fossil-fuel-and-industrial-purposes/
25
Burning of wood is within the natural carbon cycle and does not result in carbon accumulation in the air as long as forests are
regrown.
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https://www.cbsnews.com/news/climate-change-carbon-dioxide-highest-level-million-years/
27
https://www.nature.com/articles/d41586-021-00090-3
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https://ourworldindata.org/co2/country/canada?country=~CAN and https://www.statista.com/statistics/486006/co2-emissionscanada-fossil-fuel-and-industrial-purposes/
29
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/greenhouse-gas-emissions.html
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Canada is now in the top ten countries for emissions (1.6% of emissions)30 and emissions
per person (at least 15.5 t CO2eq/person, behind a few oil-rich nations and Palau).31,32
Scientific study has shown that GHG in the atmosphere is a major forcing factor for
temperature because it traps heat that would otherwise escape into space. We have seen a
148% increase in atmospheric CO2, and we are now measuring the results: global average
temperature is up 1.05 oC from pre-industrial times to 2020.33 The rate of warming is now
known to be accelerating.34 Concentrations of methane, nitrous oxide, and fluorinated
compounds have also been increasing,35 contributing to the warming in their own right.

Figure 2. Canadian CO2eq emissions from all sources.
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https://www.forbes.com/sites/rrapier/2019/12/04/the-worlds-top-10-carbon-dioxide-emitters/
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC?most_recent_value_desc=true
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Note: Canada’s emissions per person can be calculated as 730 Mt CO 2eq / 37.5 M people = 18.7 t CO2eq/person
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https://journals.ametsoc.org/configurable/content/journals$002fbams$002f98$002f9$002fbams-d-16-0007.1.xml
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https://www.npr.org/2021/08/09/1025898341/major-report-warns-climate-change-is-accelerating-and-humans-must-cutemissions35
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
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Higher temperatures are having many ecological effects, often quite different from place to
place: heat-waves, intense rainfall, intense winds, droughts, heat stress to plants and animals
(including humans), crop failures, low winter snow cover, melting of glaciers, and rising sea
levels are just some examples. These effects are widespread, rapid, and intensifying.36
Not all of the CO2 has remained in the air—about half has been absorbed by the hydrosphere
(the oceans, lakes, and rivers) and we have begun to be able to measure an increase in ocean
acidity (from pH 8.2 to 8.1, a 30% increase in acidity).37 The change in acidity is problematic
for most ocean life, especially species that form calcareous external protection.38

Where: Changes Are Happening Everywhere.
No place on Earth is isolated from the changes happening because of our emissions
(Figure 3).39 Warming is particularly intense at the poles, but particularly important in the
tropics and temperate zones, where temperatures were already warm and many regions are
desertified. As oceans rise—the combined result of warmer water being less dense and landbased ice melting and the melt water running into the oceans—and deserts expand with the
warming that is underway, the majority of human settlements will be in peril.

Figure 3. Worldwide heat anomalies in 2020 from the 1951-80 average.

36

https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
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https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
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http://berkeleyearth.org/global-temperature-report-for-2020/
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When: Changes Are Happening Now and Will Worsen.
Scientists predicted that our emissions could change the atmosphere since pioneering work in
the 19th century by Fourier, Tyndall, Foote, and Arrhenius.40 In the early 20th century,
predictions of global warming from coal-burning made headline news in Popular Mechanics:
“Coal Consumption Affecting Climate.”41
Perhaps the first clarion call for action to stabilize our climate, which has varied remarkably
little in the last ten thousand years,42 came from James Hansen, who spoke in 1988.43
However, it had been predicted in the 1970s by scientists with what is now Exxon-Mobil, the
giant oil company, that Earth would undergo warming with continuing emissions. 44
In the last five decades, our models for the atmosphere have become increasingly
sophisticated and fast. This has allowed scientists to refine their forecasts of global and
regional temperature. Our ability to monitor temperatures has also improved, particularly
with the introduction of satellite-based detectors. Previous model results have largely proven
accurate, predicting close to the amount of warming that has been observed.45 In the latest
review of climate change science, it was made clear that:
o It is unequivocal that human influence has warmed the atmosphere, ocean, and land. Widespread and
rapid changes in the atmosphere, ocean, cryosphere, and biosphere have occurred.
o The scale of recent changes across the climate system as a whole and the present state of many
aspects of the climate system are unprecedented over many centuries to many thousands of years.
o Human-induced climate change is already affecting many weather and climate extremes in every
region across the globe. Evidence of observed changes in extremes such as heat-waves, heavy
precipitation, droughts, and tropical cyclones, and, in particular, their attribution to human influence,
has strengthened since the Fifth Assessment Report (AR5).

o Improved knowledge of climate processes, paleoclimate evidence and the response of the climate
system to increasing radiative forcing gives a best estimate of equilibrium climate sensitivity of 3 °C,
with a narrower range compared to AR5.46

Why: We Have Been Focussing on Economic Growth.
Human societies have come to focus on economic growth in the belief that it will lead to
stability and prosperity.47 While this can be true—it depends on how well wealth is
distributed—we can now see that the scale of economic activity can become problematic
40

https://skepticalscience.com/print.php?n=1473
https://weather.com/news/climate/news/2018-08-15-news-clip-links-coal-climate-change-1912
42
https://www.climate.gov/news-features/climate-qa/what's-hottest-earth-has-been-"lately"
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https://skepticalscience.com/Hansen-1988-prediction.htm
44
https://www.scientificamerican.com/article/exxon-knew-about-climate-change-almost-40-years-ago/
45
https://www.carbonbrief.org/analysis-how-well-have-climate-models-projected-global-warming
46 https://www.ipcc.ch/report/ar6/wg1/#SPM
47
https://www.theatlantic.com/business/archive/2016/11/economic-growth/506423/
41
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when all landscapes and waters are fully exploited. Eventually, if resources become depleted
and/or wastes accumulate to hazardous levels, there is nowhere to which to migrate. While
others have observed and commented on the collapse of societies in many parts of the world,
it was perhaps the Club of Rome’s 1972 report, The Limits to Growth, that first and most
coherently exposed the threat.48 With nearly 8 billion people occupying every habitable
region of Earth, we are now facing such a scenario.

How: We Failed to See the Unintended Consequences of Our Actions.
For millennia, there were so few of us that we could always move on to find more resources
or escape from pollution we allowed to accumulate. From time to time, people would starve
for lack of food or perish for lack of shelter, but there was little record of communities
understanding that their own activities were contributing to ill-health or death. With the
advent of “germ theory,” that began to change.49 Eventually, the science of epidemiology
began to expose the fact that malnutrition, poisoning, and infection can result from conditions
we create in our settlements.50
The contemporary environmental movement began in the late 19 th century.51 However, it
gained little attention prior to the first Earth Day in the United States of America (USA) in
1970.52 Despite the presence of the movement, there has only been limited success in terms
of attempts to reduce the impact of the human population on the ecosystems that support it.53
Indeed, the first part of the 21st century saw reversals of programs to protect our environment,
including our air, in many countries (e.g., Brazil, USA, and Canada).

Complications: Politics!
Every society has some form of government. Each government has laws, policies, and
programs that restrict some activities while encouraging others.
Our world has over 200 countries and territories, but there is no world government with
control. The United Nations, with its 193 member states,54 provides a forum for inter-state
discussion, runs programs for relief and security, and can sanction states for activities
members find unacceptable.
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https://www.clubofrome.org/publication/the-limits-to-growth/
https://www.britannica.com/science/germ-theory
50
https://www.encyclopedia.com/medicine/divisions-diagnostics-and-procedures/medicine/epidemiology
51
https://www.britannica.com/topic/environmentalism/History-of-the-environmental-movement
52
https://www.earthday.org/history/
53
https://www.pnas.org/content/113/22/6105
54
https://www.thoughtco.com/members-of-united-nations-1435442
49
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The United Nations Framework Convention of Climate Change (UNFCCC) entered into force
in 1994.55 The Convention aims to prevent dangerous human interference with the climate
system. Given the evidence, the world is not yet on that path.
The Intergovernmental Panel on Climate Change (IPCC) had been formed in 1988, a few
years before the UNFCCC, to help governments around the world assess and deal with the
global warming that we are now experiencing.56 So far, the IPCC has published six
assessment reports, the latest undergoing phased release beginning in August 2021.57 Authors
of the first element of the latest report concluded:
o Global surface temperature will continue to increase until at least the mid-century under all
missions scenarios considered. Global warming of 1.5 °C and 2 °C will be exceeded during the 21st
century unless deep reductions in carbon dioxide (CO2) and other greenhouse gas emissions occur in
the coming decades.58
o Many changes in the climate system become larger in direct relation to increasing global warming.
They include increases in the frequency and intensity of hot extremes, marine heat-waves, and heavy
precipitation, agricultural and ecological droughts in some regions, and proportion of intense tropical
cyclones, as well as reductions in Arctic sea ice, snow cover, and permafrost.
o Continued global warming is projected to intensify the global water cycle, including its variability,
global monsoon precipitation and the severity of wet and dry events.
o Under scenarios with increasing CO2 emissions, the ocean and land carbon sinks are projected to be
less effective at slowing the accumulation of CO2 in the atmosphere.

o Many changes due to past and future greenhouse gas emissions are irreversible for centuries to
millennia, especially changes in the ocean, ice-sheets, and global sea level.59

Parties to the UNFCCC have all promised to make nationally determined contributions
(NDCs) to the reduction of GHG emissions under the Paris Accord to the Convention. 60 As
yet, the NDCs do not amount to a sufficient global commitment to limit warming to 1.5 oC or
re-establish climate stability.61 They also will not deal with positive feedback,62 nor the
warming already entailed by what GHG have been emitted to date.63
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https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://www.ipcc.ch/about/
57
https://www.ipcc.ch/assessment-report/ar6/
58
A 1.5 oC increase in global mean temperature is thought to be a level with which human societies can cope, though there will be
major effects with which to deal.
59
https://www.ipcc.ch/report/ar6/wg1/#SPM
60
https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs/nationally-determinedcontributions-ndcs
61
https://www.economist.com/graphic-detail/2019/11/20/the-worlds-climate-goals-are-not-sufficient-they-are-also-unlikely-tobe-met
62
https://climate.nasa.gov/nasa_science/science/
63
https://www.nature.com/articles/s41467-020-17001-1
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Canada made an initial NDC at Paris in 2015 to reduce GHG emissions by 30% below
2005 levels by 2030, with no commitment for 2050.64 As emissions in 2005 were 747 Mt
CO2eq, this would mean a reduction of 224 Mt to 523 Mt CO2eq per year.65 In April 2020, per
the requirement to update NDCs every five years, Canada revised its NDC to a 40 to 45%
reduction below 2005 levels by 2030, and committed to net-zero emissions by 2050.66,67 That
would mean a reduction of 299 to 336 Mt CO2eq per year into the range of 411 to 448
Mt CO2eq per year. Note that the discussion of our results that follows was developed in
relation to Canada’s first NDC, not the even deeper cuts required by the latest NDC.
This is just the latest in a series of commitments made by Canada that started in 1988, 68 not
all of which are shown on Figure 4. Unfortunately, Canada has not yet met any of those
commitments. In fact, faced with being unable to meet its commitment to the 1997 Kyoto
Protocol,69 the government of the day simply withdrew from that accord.70
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Figure 4. Canada’s emission promises over time. Note: 1) red lines linking to the targets begin at the time
each commitment was made and do not refer to the baseline year; 2) the latest NDC is not included and
would require redrawing the lefthand (y) axis to include 400 ppm; 3) after drawing the figure, Canada said
2020 emissions were 612 Mt CO2eq;71 4) emissio http://nrt-trn.ca/chapter-2-canadas-emissions-storyns in
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https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Canada%20First/INDC%20-%20Canada%20-%20English.pdf
https://www150.statcan.gc.ca/n1/pub/16-251-x/2007000/findings-resultats/4074170-eng.htm
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https://www.canada.ca/en/environment-climate-change/news/2021/04/canadas-enhanced-nationally-determinedcontribution.html
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https://www.myclimate.org/information/faq/faq-detail/what-does-net-zero-emissions-mean/
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https://www.oag-bvg.gc.ca/internet/English/sds_fs_e_41101.html and http://nrt-trn.ca/chapter-2-canadas-emissions-story
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https://unfccc.int/kyoto_protocol
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https://www.theglobeandmail.com/news/politics/canada-formally-abandons-kyoto-protocol-on-climate-change/article4180809/
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https://publications.gc.ca/collections/collection_2021/eccc/En1-78-2020-eng.pdf
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https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/greenhouse-gas-emissions.html
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Canada’s Constitution puts management of natural resources (such as oil, natural gas, and
bitumen) in provincial control.73 This applies to much of the country’s landmass, except for
lands subject to Indigenous treaty rights. Canada’s federal and provincial governments rarely
are in agreement, and managing emissions is difficult as a result.74 Nonetheless, the
Constitution lets both federal and provincial governments to exercise jurisdiction on the
environment, which includes the atmosphere. Further, the Constitution provides overarching
powers to the federal government for the peace, order, and good government of the country.75
These two factors may lead to co-ordinated action to reduce emissions. Perhaps a good sign
is that, in 2016, the federal government, territories, and all the provinces except Saskatchewan
collaborated to adopt a Pan Canadian Framework on Clean Growth and Climate Change.76
In the Pan Canadian Framework, the provinces did not explicitly adopt the Canadian Paris
target, but did agree to measures such as phasing out coal-fired power plants by 2030.
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https://www.tdslaw.com/resource/canadas-constitution-and-natural-resource-development/
https://legalyearinreview.ca/federal-and-provincial-battles-continue-over-climate-change-regulation/
75
https://www.lawnow.org/the-use-of-the-peace-order-and-good-government-clause-in-canadas-constitution/
76
https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework/foreword.html
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Our Recent Work
In 2018, a small group of CACOR members wanted to know what steps might lead Canada to
be able to meet its commitments and meaningfully contribute to a global effort to reduce
emissions and stabilize the climate. CACOR contracted whatIf?Technologies77 to analyse
Canada’s emission with a stock-and-flow simulation model. Our members worked with
whatIf?Technologies to generate a report to CACOR on which this publication is based.78
Simulations: Accounting for Provincial Conditions and Rolling up to a National Picture
We did eight simulations of the effect on emissions of rapid changes in the composition of the
stocks various economic sectors. The scenarios were run stepwise, the first pass being the
reference scenario and the rest being cumulative.
Scenario 1—Reference Case
o The reference case used plans of governments known at the time the simulation was run and
historic trends in the composition of the economy projected by the analysts.
o Population was projected to grow from 37 million in 2018 to 42 million by 2030 and 47 million by
2060, mainly from immigration, which is targeted to be 1% of the Canadian population per year
o For residential buildings, the shift to multi-unit buildings was continued.
o Electricity generation was based on Canada’s Energy Future.79 Coal-fired generation was retired
by 2030, but natural-gas-fired generation was retained.
o Bitumen production by mining was held constant at current levels and bitumen produced by in situ
recovery was increased by 80% from current levels through 2050.
o Production of natural gas from unconventional sources (shales, coal beds) was doubled by 2050.
Scenario 2—Residential Buildings
o Improvements in the thermal efficiency of residential dwelling units was increased from that of the
current stock (index value of 75) to 95 for all units built after 2030.
o All natural-gas-burning space heating equipment was switched to electric air-source heat pumps
(75%) or ground-source heat pumps (25%) by 2040.
o All natural-gas hot-burning water heaters were switched to electric units by 2040.
Scenario 3—Commercial Buildings
o By improving the thermal efficiency of building envelopes, energy needs were halved.
o Energy sources were then switched to electricity by 2030.
o Resistance-based heating systems were switched to more energy-efficient heat pumps.
o Energy for heating water was shifted to electric by 2030 and efficiency improved with heat pumps.
Scenario 4—Industrial Sector
o Space and water heating, motive uses, process heat, and steam generation were electrified by 2050.
o The efficiency of electric space conditioning was raised from 100% to 190% by use of heat pumps.
o Other end-uses remain at current efficiencies as heat pumps cannot contribute in any way in the
generation of high-quality process heat and steam.
Scenario 5—Surface Transportation
o All new road vehicles and railway engines were switched to electrically powered units. Getting all
vehicle sales by 2030 to be electric is ambitious, in particular, for the heavy-duty vehicle sector.
77

http://www.whatiftechnologies.com/partners
Computer runs were done by Bastiaan Straatman; the report was written by R.Hoffman, J.Hollins, and E.Manning.
79
https://www.cer-rec.gc.ca/en/data-analysis/canada-energy-future/index.html
78
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o Train modelling used energy per passenger-km or tonne-km. To reflect switching power from
diesel fuel to electricity, use of diesel fuel per passenger-km was reduced to zero by 2030, while
electricity use was raised to 37% of the diesel intensity per km as electric trains are more efficient.
Scenario 6—Electricity Generation
o All fossil fuel-based technologies were phased out at the end of their lifetimes, though coal was
phased out by 2030 per existing plans.80
o As existing capacity was retired and demand increased with electrification in the residential,
commercial, industrial, and transportation sectors, new natural-gas-fired capacity was added.
o For places with hydro-electric potential, added capacity was mainly that, with some solar and wind.
For Ontario and New Brunswick, 1/3 of new capacity was nuclear, the rest hydro, wind, and solar.
Scenario 7—Oil Sands Production
o Production of bitumen from oil sands by both mining and in situ recovery was phased out by 2050.
Scenario 8—Unconventional Natural Gas Production
o Production of unconventional natural gas was phased out by 2050.

Simulations were run for all the provinces, and the territories (as a group),81 and summed to
give national data. We assumed, for discussion, that targets for each province were 30%
emission reductions from 2005 levels by 2030. On each plot, we drew a dotted horizontal
line for that level in the relevant jurisdiction. Despite no formal agreement for each province
to reduce its emissions by such an amount, it is useful to show where that would take
emissions. We did not discuss the deeper reduction entailed in the near-term portion of
Canada’s second NDC (-40 to 45% by 2030), which would be harder to reach, of course. We
did, however, discuss whether jurisdictions appeared to have pathways to net-zero by 2050.

Results: We Could Make -30% by 2030, but Net-Zero by 2050 Is Unlikely
The national results follow, then the results for the provinces by population in 2019.82,83
Emissions levels are in the subtitles.84 The comparative population and emissions for the two
provinces for which graphs are not included: Newfoundland and Labrador (0.5 million
people, 11.1 Mt CO2eq, 22.2 t CO2eq/person) and Prince Edward Island (0.2 million people, 1.8
Mt CO2eq, 9.0 t CO2eq/person).
Note: the left-hand (y) axis differs from graph to graph, as the data used were not per person.
There are two figures for most provinces: the reference simulation and a combined emission
reduction simulation (scenarios 2 to 6), where energy needs are met with green electricity
from such technologies as solar panels, wind turbines, geothermal turbines, blue hydrogen,
biofuels, safe nuclear reactors, hydro dams, wave generators, and tidal turbines. For Alberta,
a third graph is presented adding the phase-out of the production of bitumen from the oilsands
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https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html
Newfoundland and Labrador, Prince Edward Island, and the territories were omitted from this report as the values were small.
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https://www.statista.com/statistics/481509/canada-population-projection-by-province/
83
https://www.statista.com/topics/2417/canada/
84
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/greenhouse-gas-emissions.html
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and unconventional natural gas (scenarios 7 and 8). For Saskatchewan, the phase-out of oil
and gas was included with the first combined simulation.
Canada: 37.5 million people, 730 Mt CO2eq, 18.7 t CO2eq/person [see footnote 32]
The Government of Canada is moving despite half the provinces refusing to be co-operative
in the last few years.85 Canada recently published a detailed plan as part of its activities under
the Pan Canadian Framework.86 That plan was complemented by line items in the Spring
2021 budget87 and passage into law of the Canadian Net-Zero Emissions Accountability Act.88
We did not model whether these new commitments are likely to lead to meeting either of the
two 2030 targets or the 2050 net-zero target. However, the combined reference scenario
would have Canada quite close to its current emissions in 2030 (circa 700 Mt CO 2eq/year)
because of planned new
oil and gas production.
Only by combining
widespread
electrification and phaseout of oil and gas could
the 2030 Paris target be
approached—the 2030
target in the second
NDC would not be met
until about 4 or 5 years
later. Emissions would
remain over 250 Mt
CO2eq/year in 2050,
when net-zero is the goal.
800
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Figure 13. Cumulative emission reduction simulation for Canada. Note: the simulation started from 700 Mt
CO2eq, the value in 2016, not the 730 Mt CO2eq now reported by Canada for 2020—this means the challenge
is all the greater. The 2030 target used is slightly higher than the current NDC (411 to 448 Mt CO2eq).
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One might think that right-wing Conservative governments (Alberta, Manitoba, and Ontario swung to the right, while
Saskatchewan retained it right-wing government) would be more interested in conserving the environment.
86
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/climate-plan-overview/healthyenvironment-healthy-economy.html
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https://www.budget.gc.ca/2021/home-accueil-en.html
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https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/net-zero-emissions-2050/canadian-netzero-emissions-accountability-act.html
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Ontario: 14.7 million people, 163 Mt CO2eq, 11.1 t CO2eq/person
Ontario closed its coal-fired power stations a decade ago, not to reduce emissions of CO2 but to reduce the
emission of pollutants that created summertime smog and respiratory illness in southern Ontario. The
reduction in emissions of CO2 was an incidental benefit. Ontario was able to close its coal-fired power
stations because it had fostered energy efficiency and renewable energy production, opened links to hydro
from Quebec, and was refurbishing its nuclear power stations. However, without further reductions Ontario
will not reach
-30% by 2030 and will remain far from net-zero in 2050.

Figure 5a. Reference simulation for Ontario.
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The 2008 economic recession reduced emissions in Ontario, which subsequently rose again and then
remained stable. Simulation of known plans anticipates that Ontario would be close to the 2030 target, but
that was before the Government of Ontario decided in 2019 to cut some programs. There is clear potential
for an aggressive plan to hit the 2030 target. Reduction could bring Ontario into the range of 60 Mt
CO2eq/year. Much further work will be needed to reach net-zero.
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Figure 5b. Reduction simulation for Ontario.
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Quebec: 8.5 million people, 83.7 Mt CO2eq, 9.8 t CO2eq/person
Figure 6a. Reference simulation for
Quebec is in a difficult
position because it has
no coal-fired power
stations to close. Its
electricity is 100% from
hydro-electric dams,
with zero emissions.
The 2008 recession
barely reduced
emissions. With known
plans, Quebec’s
emissions in 2030 will be
almost the same as they
were in 2005, 28% above
the target.
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Figure 6b. Emission reduction simulation for Quebec
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Ontario’s. If costs are
significant, reductions
may prove difficult and
unjustified if reductions can be made elsewhere at less cost. On the other hand, new low-carbon technologies
could well reduce operating and maintenance costs for people in Quebec and lead to quick adoption. .
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British Columbia: 5.1 million people, 65.7 Mt CO2eq, 12.9 t CO2eq/person
Figure 7a. Reference simulation for BC.
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Figure 7b. Emission reduction simulation for BC.
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Electricity in BC is almost 100% from
hydro dams, so no reductions are
available from that sector. The options
to reduce emissions are massive
deployment of electric vehicles and
electrification of the residential,
commercial, and industrial sectors. BC
would still be emitting 52 Mt
CO2eq/year in 2030, 22% above target.
The only effective way to hit the target
would be reduction of the production
of oil and natural gas and the fugitive
emissions that go with it. Starting in
2030 would allow BC to hit the 2030
target by 2035 assuming good planning
for that option. Net-zero is still remote,
even with an oil and gas phase-out.
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Alberta: 4.5 million people, 276 Mt CO2eq, 61.3 t CO2eq/person
The three largest sources of emissions in
Alberta in 2005 were production of oil and gas,
fugitive emissions, and combustion of fossil
fuels for electricity. In the reference case,
despite phasing out coal-fired power stations
by 2030, emissions continue to rise, reaching
over 230 Mt CO2eq/year in 2030 and still rising.
Net-zero is an impossibility.
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Note that Alberta produces 1/3 of Canada’s
emissions from coal- and gas-fired power
stations, production of conventional oil, and
bitumen extraction. On its own, Alberta
contributes 6 t CO2eq/year for every Canadian.

Figure 8a. Reference simulation for Alberta.
Alberta is committed to phase out coal-fired
power stations by 2030, but that will not reduce
emissions much. Even phasing out naturalgas-fired power stations and electrification of
transportation, residential, commercial, and
industrial sectors would still leave Alberta 69%
above the target in 2030 and in the following
years. It would depend on green electricity,
produced in the province or imported from BC,
or from a nationwide east-west electrical grid.
Net-zero is a far-off dream.
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Figure 8b. Emission reduction simulation for Alberta
excluding cessation of oil and gas production.
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The 2030 target could be met by 2035
through phase-out of oil and gas
production. However, Alberta would still
be emitting slightly less than 100 Mt
CO2eq/year by 2050. Net-zero would
remain elusive. However, the industry
might be successful at affordable
underground carbon sequestration,
something on which it has been working for
many years and which is still in
development.

Figure 8c. Emission reduction simulation for Alberta.
with cessation of oil and gas production.
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Manitoba: 1.4 million people, 22.6 Mt CO2eq, 16.1 t CO2eq/person
The largest source of emissions in
Manitoba in 2005 was
transportation, then agriculture,
then food and beverage processing
(the largest manufacturing sector).
The generation of electricity in
Manitoba is entirely hydro-electric.
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The trend is clear. Emissions
continue to rise slowly, and
Manitoba won’t come close to
reducing its emissions 30% by
2030. Indeed, the trend is going the
wrong way. Net-zero would be a
far away.

Figure 9a. Reference simulation for Manitoba.
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If it rapidly electrified using the
potential hydraulic capacity on the
Nelson River, the demands of the
residential, commercial, some
industrial sectors, and
transportation, Manitoba could
reduce its emissions to 14 Mt
CO2eq, 7% above the 2030 Paris
target. This is theoretically
feasible, but the political and
corporate decision-making
required and the logistics of
delivering make this unlikely,
though the target might be hit by
2040. Net-zero would require
much more effort.

Figure 9b. Emission reduction simulation for Manitoba.
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Saskatchewan: 1.2 million people, 74.8 Mt CO2eq, 62.3 t CO2eq/person
The largest emission source here in 2005 was
the combustion of fossil fuels for electricity,
followed by transportation, agriculture, and the
production of oil and gas, and fugitive
emissions from the production and transmission
of natural gas. Taken together, oil and gas
production plus fugitive emissions were higher
than coal-fired electricity. Saskatchewan has
agreed to close its coal-fired power stations by
2030, which would reduce emissions close to
the 2005 level, but still 40% above the 2030
target. Emissions would be over 50 Mt
CO2eq/year and rising at the point when netzero is desired.
Figure 10a. Reference simulation for Saskatchewan.
To hit the 2030 target, Saskatchewan could
close its fossil-fuel-fired power stations. This
is theoretically possible—the energy budget
would be balanced—but the political and
corporate decision-making required and the
logistics of delivering again make this unlikely.
Green electricity from other provinces, massive
deployment inside the province of new
renewables and storage—from micro-grids to
large projects, or the construction of or access
to nuclear power generation would all have to
be secured. It remains to be seen how the
province could get from over 30 Mt CO2eq/year
to net-zero by 2050.
Figure 10b. Emission reduction simulation for Saskatchewan.
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Nova Scotia: 1.0 million people, 16.2 Mt CO2eq, 16.2 t CO2eq/person
The reference case for Nova Scotia was virtually the same as for New Brunswick
(Figure 11a), so that figure is used below.
Reduction in the use of coal to
generate electricity led to emissions in
2017 that were already 30% below
emissions in 2005. When it meets its
commitment under the Pan Canadian
Framework to close its remaining
coal-fired power stations, Nova Scotia
will have substantially exceeded the
target adopted for Canada. While the
province may continue emitting a low
share (about 7 Mt CO2eq/year), net-zero
would be elusive.
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Figure 11a. Reference simulation for Nova Scotia.
By electrifying as much of its economy
as possible, Nova Scotia could stand a
very good chance of getting to net-zero
well before 2050.
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Figure 11b. Emission reduction simulation for Nova Scotia.
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New Brunswick: 0.8 million people, 12.4 Mt CO2eq, 15.5 t CO2eq/person
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The largest sources of emissions in New
Brunswick in 2005 were coal- and oil-fired
power stations. A provincial decision
already taken to close two power stations
cut those emissions in half by 2015, so New
Brunswick has already made the 30%
reduction in emissions. New Brunswick
will go much further when it closes its two
remaining coal-fired stations power stations
per the Pan Canadian Framework.
However, more would be needed to
approach net-zero.

Figure 12a. Reference simulation for New Brunswick.

New Brunswick could use electrification
of its economy to continue its journey
toward net-zero and easily come close well
before 2050.
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Figure 12b. Emission reduction simulation for New Brunswick.
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Discussion: We Need to Use Every Means Available and to Act Quickly
The situations in each province and, consequently, the options open to them vary markedly.
Provinces with coal-fired electricity have a simpler path to begin to reduce emissions than
provinces that generate all their electricity using hydro-electric power.
There is some good news. New Brunswick and Nova Scotia have already reduced their
provincial emissions by more than the national commitment of 30% through decisions to
close fossil-fuel-fired power stations. These provinces will make much greater
proportional reductions when they deliver on their commitments to close their remaining
coal-fired power stations by 2030, which will be, nevertheless, a modest credit in the
national context. They could likely reach net-zero by 2050.
Ontario made substantial progress in the same way. The 2008 recession reduced emissions
noticeably, though emission rose again shortly thereafter. Ontario will find it difficult to
travel the rest of the path to meet the 2030 target and has a major challenge with respect to
net-zero.
Quebec is in a more difficult position, with no low-hanging fruit (coal-fired power stations) to
close. The 2008 economic recession barely reduced emissions in Quebec. Quebec has
committed to reduce its emissions by 37% by 2030, which appears feasible through
electrification. Quebec exports substantial quantities of green hydroelectricity to New
Brunswick, Ontario, and the United States of America, thereby assisting those jurisdictions in
reducing their emissions. Under the terms of the UNFCCC, Quebec earns no credit for
reductions of emissions in its export markets, but that is a considerable plus.
Manitoba is in a similar position to Quebec—100% hydroelectricity and no coal-fired power
stations to close. The 2008 economic recession reduced emissions temporarily, but its
economy and emissions picked up rapidly. It will likely struggle to meet the 2030 target and
have little chance of getting to net-zero by 2050.
Saskatchewan has agreed to close its coal-fired power stations, but that will only stabilize its
emissions at the 2005 level, 40% above the 2030 target. To reduce further would require the
closing of gas-fired power stations and the electrification of the economy. It too will struggle
with the 2030 and 2050 targets.
British Columbia is a more complex case. Its electricity is also almost 100% low emission
hydro-electric. However, BC also produces and transports by pipeline large quantities of
natural gas, some for export. Some of the methane (CH4, a very light molecule) in natural gas
inevitably escapes into the atmosphere during production and transportation, becoming what
is known as fugitive emissions. CH4 is a much more powerful greenhouse gas than CO2,
which makes it very problematic. Current plans would mean increasing emissions from the
production of natural gas and the associated fugitive emissions—the amounts would be quite
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large in relation to other sources of emissions in BC. As a result, BC is not likely to meet its
2030 target without phasing out its gas production, and net-zero by 2050 would remain
elusive even with a phase-out.
Alberta is the province least likely to be able to make a proportional contribution to meeting
the national targets. Its emissions, on their own, are 6 t CO2eq/year for every Canadian
citizen, over 60 t CO2eq per resident of Alberta. For comparison, France emits
5 t CO2eq/year/citizen. The province currently intends to expand its oil and gas production
and has not perfected sequestration technology. In something of a odd paradox, it is being
supported by the Government of Canada, which recently took over a pipeline route (the Trans
Mountain Pipeline) where the intent is to double throughput89 and it continues to offer
subsidies to the oil and gas industry.90 It seems likely that powerful forces will be needed to
alter the province’s course, whether they might come from a groundswell of public opinion,
the finance industry, or international trading partners.
We should note that marine transport and aviation have been left out of this analysis. The
marine and aviation sectors present unique challenges with respect to reductions in emissions
of GHG and other air pollutants. They operate in a truly international context in which
countries collaborate on their respective regulations through international bodies such as the
International Maritime Organization (IMO) and the International Civil Aviation Organization
(ICAO).
In the marine sector, there are international standards established by the IMO for controlling
emissions of air pollutants from ships, but emissions were omitted from the 2015 Paris
Accord.91 It was only in 2018 that some measure of control started to emerge.92
The Government of Canada supports international efforts to limit or reduce domestic and
international aviation emissions of both GHG and other air pollutants. ICAO is trying to
develop standards and recommended practices for their reduction, but accounting for the
sector’s emissions remains unclear, as do options for reducing emissions. Canada is the first
country in the world to have negotiated an agreement with its aviation industry to reduce
GHG emissions, with an annual fuel efficiency target that was to achieve a reduction in
emissions of 24% by 2012 from 1990 levels.93 We are uncertain of progress on this.
We did not attempt modifications in the forestry and agriculture sectors, nor to deal with
emissions from landfills. The future may see some advances in these sectors that would bring
Canada closer to its targets. This could be especially important if oil and gas production is
continued.
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https://www.transmountain.com/project-overview
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In dealing with population, we accepted current plans for growth, driven mainly by
immigration. In the long term, population growth is likely to be the second biggest driver of
GHG emissions in Canada, just behind oil and gas production. Some have recently been
advocating for growing the population to 100 million people by 2100, mainly via
immigration.94 In our view, such a program would likely scuttle any chance of Canada
reaching net-zero or even the 2030 Paris target. In particular, it could bring people from
countries with low per person emissions into a Canada with much higher emissions—as we
have seen, it is going to be quite difficult for Canada to get to a low-carbon economy, let
alone net-zero. The ecological consequences, while requiring detailed study, would probably
be detrimental to biodiversity and ecosystem conservation.95
In 2019, the Club of Rome published a Planetary Emergency Plan96 that stated: “The science is
clear: climate, biodiversity, and human health are fully integrated and interdependent. Every year since the
Industrial Revolution, land and ocean ecosystems have absorbed close to half of all emissions from fossil-fuel
burning. Without nature’s ability to absorb and store our greenhouse gas emissions, we would have already
exceeded 2 oC of warming, with potentially disastrous consequences. Breaching this threshold, combined
with ecosystem collapse, could push the planet towards an irreversible and catastrophic trajectory for
humanity. This is why it is so important to adhere to the 1.5 °C for climate and zero loss of nature for the
biosphere principles.” The Club of Rome responded to the latest IPCC report with a press
release in which they said: “To emerge from emergency into a regenerative economy that leaves no-one
behind and operates within the planetary boundaries, we need to set nature on the path to recovery and
prioritise sustainable production, consumption, and investments as outlined in our Planetary Emergency
Plan.” We completely agree and expect nothing less than that Canada will be a full participant

in the effort to stabilize the climate.

Conclusions: We Have Much to Do and Little Time, So It Is Time to Move
No matter what we do in Canada, we need to do all we can to get other nations to join the
effort to stabilize the climate. Arguably, we should engage first and most actively with:
o the other big total current emitters per year.97
China (10,175 Mt), USA (5,285 Mt), India (2,616 Mt), Russia (1,678 Mt), Japan (1,107 Mt),
Germany (702 Mt), Indonesia (618 Mt), South Korea (611 Mt), and Saudi Arabia (582 Mt)

o the other big per capita emitters per year.98
Qatar (32 t), Kuwait (22 t), United Arab Emirates (21 t), Bahrain (20 t), Brunei (17 t), Palau (16 t),
Australia (15 t), Luxembourg (15 t), Saudi Arabia (15 t), USA (15 t)

o

the big historic emitters.99
China (200 Gt), Russia (111 Gt), Germany (91 Gt), United Kingdom (77 Gt), Japan (62 Gt),
India (47 Gt), France (38 Gt), Ukraine (29 Gt), Poland (27 Gt), Italy (23 Gt)
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Our analysis revealed the enormity of the task of making substantial reductions in Canada’s
emissions. To hit the Paris target (30% by 2030), much less the new NDC (40 to 45% by
2030), every feasible action possible would have had to have been launched a few years ago
and be delivered in full by 2030. To get to net-zero by 2050, will require much more, likely
with some forms of carbon capture, such as growing forests and underground sequestration—
new technologies for carbon capture may be needed to capture enough. We needed to start
major shifts away from fossil fuels years ago, which would have made getting to our latest
NDC easier to reach. While new technology may offer cheaper and more efficient ways to do
the shift, we’ll need everyone to participate as we did in the two World Wars.
While the actions simulated in these experiments reduce emissions from about 700 to 500
Mt CO2eq/year by 2030, they continue to reduce emissions by a further 250 Mt CO2eq/year
through 2060. However, reaching a target of net-zero emissions by 2050 will require actions
in sectors not covered in this study, such as in air and marine transport, plus aggressive
reduction in the production and transportation of all fossil fuels.
For these scenarios to be implemented, the entire socio-economic system must be
addressed, not just the demand for and supply of energy. Stabilizing the climate is not just
about reducing emissions, it is about rebuilding the socio-economic systems of Canada and
its international trading partners.
Targets for economic performance are routinely set at least once a year and reports are
sometimes published more frequently. We are pleased to see that Canada has now begun
to report on emissions in a similar fashion.100 However, we could likely do better if we
had targets for the reduction of emissions that were not set so far into the future—for the
Paris Accord it was 15 years. It is entirely appropriate for governments to make
commitments for the long term, but year-by-year commitments on a timetable are even
more important. They would facilitate re-examining options, learning from experience at
home and abroad, and making improvements.
Although not explicit in the 2016 Pan Canadian Framework, we have the impression most
parties accepted the federal commitment to reduce emissions by 30% by 2030. In a system
of fourteen loosely connected, complex components—one federal, ten provincial, and
three territorial—hitting that target, let alone the more aggressive recent NDC of 40 to
45% or the 2050 net-zero target—for all fourteen taken together might be done in more
cost-effective ways than by all adopting the same proportional target. The federal
government is directly responsible for the international commitments that it has made on
behalf of all Canadians. It has many options for finding the best ways to garner cooperation from other levels of government, corporations, and citizens. We can only hope it
will use them wisely and continue to press it to do so and all Canadians to pitch in.

100

https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html contains three annual
reports at this point.
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