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Summary

Canada’s public policy to reduce its emissions of greenhouse gases has not delivered. Canada failed by a wide margin to meet the commitment that it made
in Kyoto in 1997. The likelihood that it will meet the commitment that it made in
Paris in 2015 is vanishingly small. Yet this is an issue that must be dealt with
competently within the next decade.
The analytical foundation for Canada’s policy has been substantially inadequate. Targets were set without any understanding of whether or not there was
a way to hit them in practice, despite the fact that effective analytical tools have
been available for more than three decades.
This review draws on the results of a study that found pathways that are physically feasible. It identifies the boundaries of the possible and opens the way to
policies that would actually work.
There is no way for Canada to meet its 2030 Paris commitment — the earliest it
could reduce its emissions by 30% is probably 2050. Canada will not be the only country to fail, which makes substantial and prompt attention to adaptation
imperative.
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Canada’s path — to date
The ad hoc 1988 Toronto Conference on the Changing Atmosphere proposed
a target for 2005. When the Prime Minister of Canada signed the United Nations Framework Convention on Climate Change in Rio in 1992, he stated Canada’s intention, which was turned into a formal international commitment when
Canada signed the Kyoto Protocol in 1997. Canada missed that target by
about 25% and subsequently abandoned the commitment for 2020 that it accepted in Copenhagen in 2009. It is on track to miss by a wide margin the
commitment for 2030 made in Paris in 2015.

The Governments of Canada (yes, both Conservative and Liberal) have made
commitments without taking account of practical feasibility, without any understanding of whether or not there was a way to meet them in practice. The analytical foundation for Canada’s policy has been inadequate, despite the fact
that effective analytical tools have been available for more than three decades.
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Issue
French philosopher and mathematician
Jean-Baptiste Joseph Fourier discovered in
1824 that the earth’s atmosphere functions
as a blanket. In 1896, Swedish scientist
Svante Arrhenius explained how.
The need to reduce the emission of carbon
dioxide and other greenhouse gases in order to avoid catastrophic global warming
was understood and accepted by the Government of Canada in 1988. In 1992, Canada’s Prime Minister was the first to sign the
United Nations Framework Convention on
Climate Change.
Yet Canada has made no progress during
the following 28 years; in fact, it has lost
ground. This substantial failure of public

of at least 50 years. The system is composed of stocks that take decades to turn
over; for example, 10 to 20 years for items
such as vehicles, and 30 and more years for
facilities such as power stations, buildings
and other infrastructure. The time horizon of
any meaningful analysis must be long
enough to encompass more than one stock
rollover and it must focus on pathways or
trajectories rather than end points.
Sound Policy
Dealing with complex, long-term issues in a
democratic society depends on the formulation by governments of sound policies
and programs, informed by evidence and
understanding, and accepted in Canada by
at least 40% of the electorate.

policy raises the question of the adequacy
of the process informing its development

Sound policy to deal with the emission of
greenhouse gases must satisfy three crite-

and application. The fact of the matter is
that the analytical approach and the tools
used by the Government of Canada — limited to economic methods — have not been
up to the job. More effective approaches
and tools have been available throughout
this period. This paper provides a broader,
long-term approach based on such a tool.

ria. It must:

Nature of the problem
Policy intended to reduce emissions requires attention to the structure of the entire economic system, not just the energy
sector. Transition from the existing structure, based heavily on fossil fuels, to one

1. be physically competent:
v able to satisfy aspirations in practice;
2. make a big difference in a timely manner:
v start with the big emitters;
3. be politically doable:
v able to secure collaboration and be
open to adaptation as lessons are
learned.
To date, Canada has failed on all three criteria. Canada’s total failure on this issue is a
function of policy and programs informed

that is carbon free requires a time horizon
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only by short-term political thinking and
economics.

into ways forward, to find pathways that
would actually work in practice.

The Canadian Club of Rome (CACOR) has
used a tool that provides long-term insight

The tracks followed by the Canadian provinces between 2005 and 2017: with the exception of the Atlantic region they are headed in the wrong direction with little prospect of a 30% reduction in emissions by 2030.

Forecasting/Backcasting
Almost all governmental policy is informed
by economics and often not much else.
Economics routinely leads to forecasts: this
is where we are; this is where we reckon
we’re going. Economic forecasts usually
address only the short term; they are not an
adequate basis on their own for formulating
policy for a complex, long-term issue.
In the real world, there are more factors in
play than economic considerations, including environmental, legal, and social matters,

all embedded in the values of society.
These factors routinely play out during decades rather than a few years. For any issue
that needs to be addressed over a long period of time, a sounder approach is backcasting: to establish first where one wants to
be and when. The questions then become
can we get there from here and, if so, how?
And are we prepared to adapt as we travel
the long path?
After these questions have been answered,
policy and programs to follow the path sePage 4 of 26

lected need to be adopted and adapted as
experience is gained, and that requires, inter alia, engineering and economic analysis.
Effective tool
An effective policy tool is needed. During
the past four decades, the substantial increase in the power of computation has
created tools that provide the insights
needed to develop sound policy options,
informed by what would be possible in
practice — to backcast. The scientific method from the time of Galileo had two methods of iteratively developing and testing
theory: observation of nature and experiments. Our toolbox now contains a third
method: computational calculation. There
is, in fact, no other way to comprehend
complex systems.
CACOR has used the well-established Canadian simulation tool, CanESS3. It enables
the user to explore potential futures, typically looking out 50 years, to establish
whether or not a desired future is in fact
physically possible.
If it is not, all the economic devices in the
country will not be able to achieve it. This is
the current situation, for example, with the
preoccupation of some governments with a
levy on motor fuels for consumers that is
most unlikely to work. It diverts attention
from options that are up to the task.
If a simulation does find a coherent pathway
to the desired future, the next task becomes
detailed examination of the technical requirements of the pathway and the design
of policy instruments to travel that pathway,
which is where economic analysis comes in.

3

See addendum

Canada currently has the cart in front of the
horse.

The simulation tool used by CACOR enabled those who participated4 to develop a
new way to reason, to ask new questions —
repeatedly — and thereby gain new understanding and insights into what policies
would provide a coherent approach to a
long-term, complex issue. Identifying the
boundaries of the possible opens the way
to policies that would actually work.
Sectors and scenarios
The CACOR Pathways study examined
emissions from ten sectors in eight scenarios between 2000 and 2060 for each of ten
provinces and for the three territories combined. This paper presents results for eight
4
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Page 5 of 26

provinces. For each province, the analysis
began with a reference case: the reported
emissions to 2017 followed by simulation to
2060 incorporating the plans of governments and corporations known to the analyst. The key dates are 2005, the reference
year for the Paris Accord, and 2030, the
year by which Canada committed to reduce
its emissions by 30%.

Findings in a nutshell

hanging fruit, no coal-fired generating stations to close. Its generation of electricity is
100% hydraulic with zero emissions. The
2008 economic recession barely reduced
emissions in Québec. Québec has the lowest per-capita emissions of all ten provinces,
10 t CO2e/year. Its total emissions are half
those of Ontario and only 30% those of Alberta. But it appears politically to be stuck
with Canada’s 30% Paris reduction.

Canada’s practical options can be understood only in the context of vastly different
provincial circumstances. This is a strategic
issue; it is about much more than simply
reducing emissions. It is about changing
paths of social and economic development.

Manitoba is in a similar position with 100%
hydroelectricity and no coal-fired generating stations to close. The 2008 economic
recession reduced emissions temporarily,

And it should include, starting now, preparing to adapt to the consequences of inevi-

Manitoba’s largest emitter is transportation,
its second is agriculture, and the third is the

table change.
There is some good news. New Brunswick
and Nova Scotia have already reduced their
provincial emissions by 30% as a result of
deliberate decisions to close coal- and oilfired power stations. These provinces will
make much greater percentage reductions
when they deliver on their commitments to
close their remaining coal-fired power stations by 2030, a credit that could be applied at home or to Canada as a whole.
Ontario has made substantial progress in
the same way. The 2008 recession reduced
emissions noticeably, but they resumed
shortly after. Ontario will find it difficult to
travel the rest of the path to meet the Paris
2030 target, having already closed all its
coal-fired power stations.
Canada’s second largest province is in a
more difficult position to meet a fixed percentage reduction. Québec has no low-

but its economy and emissions picked up
rapidly.

processing industry. Food processing is
Manitoba's largest manufacturing sector; it
earned more than $5 billion in revenues in
2018. Taken together, agriculture and related processing is a larger emitter than
transportation.
Manitoba has average per capita emissions
for Canada.
The largest source of emissions in Saskatchewan is the combustion of fossil fuels
to generate electricity, followed by transportation, agriculture, and the production
of oil and gas along with the inevitable fugitive emissions.
Saskatchewan has agreed to close its coalfired power stations, but that will only stabilize its emissions at the 2005 level, 40%
above the Paris target, in 2030. To reduce
further would require the closing of gasfired power stations and the electrification
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with green generation 5 of transportation,
and residential, commercial, and industrial
demands.

France’s low emissions are an illustration of
the long-term power of strategic decisions:
France decided in 1973 to phase out coaland oil-fired electrical generation and go
100% nuclear.

British Columbia is a more complex case.
Its electricity is also almost 100% hydraulic
with zero emissions. However, British Columbia 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. Methane is a much more powerful greenhouse
gas than carbon dioxide. Methane lost to

There is no way for Alberta to even approach the Paris target without beginning
to phase out the production of fossil fuels,
in particular, the bituminous sands.
The imperative of global heating is not the
only reason to seek substantial evolution of
the oil industry of Alberta. The cost of producing liquid hydrocarbon fuels in northern
Alberta is among the highest in the world,

the atmosphere is referred to as a fugitive
emission.

some ten-fold the cost in the Persian Gulf.
As global demand for oil appears to be
sagging, economic rent may become hard
to obtain; the prospect of stranded assets

The plans known to the analyst show increasing emissions from British Columbia
mainly because of the production of natural
gas and the associated fugitive emissions,

looms and investors are leery.

which are large in relation to other sources
in this province. British Columbia is not
quite as green as it is sometimes painted.
The toughest news laid out in this report is
from Alberta, whose emissions in 2017
were 233 Mt CO2e/year, one-third of Canada’s total emissions for about 10% of the
population.
Looked at from outside the country, Alberta’s emissions on their own are
6 t CO2e/year for each and every Canadian
citizen 6. By comparison, France emits
5 t CO2e/year /citizen.
Green generation in this paper means electricity
generated without emission of greenhouse gases,
i.e., by conventional large hydro, nuclear, and the
new renewables: wind, solar, and small hydro.
6
Canada’s total emissions per citizen are
19 t Mt CO2e/year
5
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ANNEX: Findings by province
The analysis reported here examined eight
scenarios and the emissions by ten sectors.
The emissions are sorted by the year 2005,
the reference year for the Paris Accord. The
largest sector in 2005 is at the top. In the
following pages, graphs are presented with
commentary province by province.
Scenarios examined
o Reference case: plans known to the analyst
o

Electrify Residential

o

Electrify Commercial

o

Electrify Industrial (non-fuel)

o

Electrify (road) Transportation

o

Phase out Fossil Electricity

o

Phase out Oilsands

o

Phase out production of Natural Gas

Emissions by sectors
o agriculture
o

commercial

o

fossil electricity

o

fugitive emissions

o

oil and gas production

o

other energy production

o

other industries

o

process

o

residential

o

transportation

Reference case
The first graph for each province is a reference case: it begins with the actual, reported emissions from 2000 to 2017, followed
by emissions calculated using the plans of
governments and corporations that were
known to the analyst in 2019.

Electrification
The second graph is generally a simulation
of the reduction of emissions when the demands of transportation and of the residential, commercial, and some industrial sectors are met with green electricity and the
use of fossil fuels to generate electricity is
phased out. In some cases a third graph is
presented, for example, adding the phaseout of production of bitumen from the
sands of northern Alberta.

New Brunswick
The largest sources of emissions in New
Brunswick in 2005 were coal- and oil-fired
electrical generating stations. A provincial
decision at that time to close two power stations cut those emissions in half by 2015,
with the result that New Brunswick has already made the 30% reduction in emissions
for 2030 that were accepted by Canada as a
country in Paris in 2015.
Canada’s federal government does not appear to know this since it insists on collecting a consumer carbon tax, which is certainly regressive in this province.
New Brunswick will go much further by closing two remaining power stations (a commitment in the Pan Canadian Framework on
Clean Growth and Climate Change) and by
fostering electrification of transportation
and residential, commercial, and industrial
demands for energy.

Nova Scotia
The situation for Nova Scotia is similar to
that for New Brunswick. Nova Scotia also
has already hit the Paris 30% target and is
committed to go further.
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created summertime smog and respiratory
illness in southern Ontario. The reduction

now purchased from Asia, but under the
terms of the United Nations Framework
Convention on Climate Change they are
charged to the country where they are emitted, not the country that consumes the
goods or services — a major flaw in the Convention.

in emissions of carbon dioxide is an incidental benefit. Ontario was able to close its
coal-fired power stations because if had fostered energy efficiency and renewables,
had begun to refurbish its fleet of nuclear
power stations, and strengthened its links to
hydroelectricity from Québec.

The 2008 economic recession clearly 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

Ontario also exported jobs and pollution
from some of its manufacturing industry to

programs. There is clearly potential for an
aggressive plan to hit the target.

Ontario
Canada’s largest province closed its coalfired generating stations a decade ago, not
to reduce emissions of carbon dioxide, but
to reduce the emission of pollutants that

Asia. The global emission of carbon dioxide may have increased slightly from the
trans-oceanic transportation of the goods
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Québec
Canada’s second largest province is in a
more difficult position than New Brunswick,
Nova Scotia, or Ontario. Québec has no
low-hanging fruit, no coal-fired generating
stations to close. Its generation of electricity is 100% hydraulic with zero emissions.
The 2008 economic recession barely reduced emissions in Québec.
With plans known to the analyst, Québec’s
emissions in 2030 will be almost the same
as they were in 2005, the reference year,
28% above the target. To hit the target, an

tion and all other uses of fossil fuels in Québec would be required.
Yet Québec has the lowest per-capita
emissions of all ten provinces,
10 t CO2e/year. Its total emissions are half
those of Ontario and only 30% those of Alberta.
However, as with the Atlantic provinces, it
appears politically to be stuck with Canada’s 30% Paris reduction.

aggressive program to electrify transporta-
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Manitoba

.

Page 14 of 26

The largest source of emissions in Manitoba
in 2005 was transportation, followed by agriculture and the processing industries.
Food and beverage processing is the largest manufacturing sector in Manitoba. Total revenue for this sector in 2018 was $5.2
billion, representing 26% of Manitoba's total manufacturing revenue..
The generation of electricity in Manitoba is
entirely hydraulic. Manitoba has no fossilfuelled stations to close.
The trend is clear. Emissions continue to
rise slowly. With current plans, Manitoba
will not come close to reducing its emissions by 30% between 2005 and 2030, the
commitment made by Canada in the Paris
Accord in 2015: the trend is going the
wrong way.
If Manitoba acted with dispatch to rapidly
electrify (drawing on its potential hydraulic
capacity on the Nelson River) the demands
of the residential, commercial and some
industrial sectors, as well as transportation,
it could reduce its emissions to 14 Mt, 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 a most unlikely proposition. A more likely proposition
would be for Manitoba to reduce its emissions by 30% by 2040.

Saskatchewan

table fugitive emissions from the production and transmission of natural gas. Taken
together, the production of oil and gas plus
the fugitive emissions are the largest contributor, more than coal-fired electricity.
Saskatchewan agreed in the Pan Canadian
Framework to close its coal-fired power stations by 2030. If it delivers on time, this decision will reduce Saskatchewan’s emissions
from the peak they hit in 2015 back to the
level of 2005, the reference year for the Paris Accord. That level would be 40% above
the target for 2030. By 2060, Saskatchewan
would still be 40% above the 2030 Paris
target.
To get close to the target, Saskatchewan
could close its gas-fired electricity stations
as well as its coal-fired stations. This is theoretically possible — the energy budget
would be balanced —, but the political and
corporate decision-making required and
the logistics of delivering make this a most
unlikely proposition. A portfolio of access
to green electricity from other provinces,
massive deployment inside the province of
new renewables and storage — from microgrids to large projects, or the construction of or access to nuclear generation
would all have to be secured. As a practical, doable proposition the earliest year by
which Saskatchewan could realistically reduce its emissions by 30% would likely be
2050.

The largest source of emissions in Saskatchewan in 2005 was the combustion of
fossil fuels to generate electricity, followed
by transportation, agriculture, and the production of oil and gas, along with the inevi-
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British Columbia
The transportation sector was the largest
source of emissions in British Columbia in
2005. In the reference case, those emissions remain more or less constant to 2060.
The second largest contributor in 2005 was
the oil and gas sector, along with the inevitable fugitive emissions. British Columbia
plans to increase the production of natural
gas. Emissions from oil and gas plus fugitive
emissions will exceed those from transportation in 2026.
With the plans known to the analyst, British
Columbia will emit 65 Mt CO2e/year in
2030, 53% above the target of a 30% reduction from 2005.

Electricity in BC is almost 100% hydraulic,
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. Simulation of the
feasible still leaves BC emitting 52 Mt
CO2e/year in 2030, 22% above its target of
43 Mt CO2e/year. The only effective route to
hit the target would be reduction of the
production of natural gas. Starting in 2030
would enable BC to hit the 2030 target in
2035 — assuming feasible plans were put in
place to secure that option.
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Alberta
The largest source of emissions in Alberta in
2005 was the production of oil and gas,
closely followed by fugitive emissions, and
the combustion of fossil fuels to generate
electricity.
The reported total emissions by Alberta in
2017 were 233 Mt CO2e/year, one-third of
Canada’s total emissions. When viewed
from outside the country, Alberta’s
emissions allocated to the entire population
of Canada are 6 t CO2e/year for each and
every Canadian citizen.
The first graph shows that, despite the
commitment of the Province of Alberta to

phase out its coal-fired power stations,
emissions will continue to rise, hitting 69%
above the Paris 30% target in 2030.
Electrification of transportation, plus residential, commercial, and industrial sectors
would still leave Alberta 51% above the Paris 30% target in 2030.
The only way to approach the target would
be to start phasing out the production of
bitumen from the sands of northern Alberta,
which would still leave Alberta 11% above
the target. As a practical, doable proposition, the earliest year by which Alberta
could realistically reduce its emissions by
30% would likely be 2050.
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tion and all demands for heat, it might
come close, but not likely by 2030 — there
simply is not enough time even with all the
will in the world.

Commentary — opinion 7
The Pathways Study conducted by the Canadian Club of Rome began by including all
the plans of governments and corporations
that were known to the analyst — a reference case — for each of the provinces. It
then examined additional measures that
could be applied province by province. Reported here are analyses for the eight larger
provinces presented in the form of graphs
running from 2000 to 2060. The figures for
the period up to and including 2017 are the
annual emissions reported to the United
Nations by Canada. From 2018 onwards,
the results are a simulation of the feasible.

The situation of the other provinces with
100% hydro — British Columbia and Manitoba — is similar, but more complicated.
British Columbia, in particular, produces a
lot of natural gas for consumption at home
and for export. The inevitable emissions
from the production of natural gas and the
substantial fugitive emissions from its transportation make a significant contribution.
British Columbia is not as green as may
sometimes be thought.
When France decided in 1973 to produce
all its electricity by nuclear generation, it
made an investment in the new renewables

Large differences
The situations of each province and consequently the options open to them vary
markedly. Provinces with coal-fired electrici-

much larger than other countries at the
same time. Some opinion held that the in-

ty have a simpler path to begin to reduce
emissions by a fixed percentage to meet
Canada’s Paris 2030 commitment than
provinces that generate all their electricity

vestment in renewables was to faire passer
le nucléaire. Perhaps BC’s carbon tax on
consumers, which has not constrained the
consumption of gasoline, serves a similar
purpose.

using hydraulic power.
Two Atlantic provinces have already closed
coal-and oil-fired stations and by 2017 had
reduced emissions by more than the commitment of 30% by 2030. Ontario got twothirds of the way towards the target in the
same way, but now appears to be stalled.

Alberta produces one-third of the emissions
of Canada (on its own, 6 t CO2e/year for
each and every citizen of Canada) — from
electricity made with coal and natural gas,
from the production of conventional oil,
and in particular from the production of bi-

Quebec generates none of its electricity by
burning fossil fuels, so that option is not
open to it. Its options begin and end with
electrification of demands for heat and

tumen from the sands of Northern Alberta.
The only simple option open to Alberta is to
switch the generation of electricity from

transportation. Quebec will barely reduce
emissions at all by 2030. If it engaged rapidly in a massive plan to electrify transporta7

coal and natural gas, but that would not get
it very far. Alberta simply cannot in practice
reduce its emissions by 30% by 2030. It
cannot even get close in the distant future

The commentary and opinions expressed in this
paper are those of the author.
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without beginning to phase out the production of bitumen from sand.
Fixed percentage for all — why?
Although not explicit in the 2016 federalprovincial agreement on climate change, it
appears that the parties accept that they are
each expected to reduce their emissions by
the same percentage. Why?
In looking at a system of thirteen loosely
connected, complex components — ten
provinces and three territories — with the
intention of achieving a result for all thirteen
taken together, why would anyone of sound
analytical mind seek the same percentage
change in all of them? There are more cost
effective ways.
This is an issue that requires examination of
the entire system, not imposition of the
same recipe on all in the vain hope that an
overall solution will emerge. The constitutional authority of the provinces in this matter is clear. Until energy crosses a provincial or international boundary, the federal
government has no direct authority; but it
has a wealth of tools in its toolbox and is
directly responsible for the international
commitments that it has made on behalf of
all Canadians.
The flagship program of the federal government, however, is a carbon tax on consumers. Not only is this a totally ineffective
tool in a country as well off as Canada (yes,
including the middle class), it has led to tensions between governments that are a serious impediment to agreeing on an effective
approach for the country as a whole.
Almost all individual Canadians hold some
direct personal responsibility for Canada’s
emissions, but Canada’s total failure to de-

liver on its international commitments — and
therefore on its moral obligations to the citizens of the world and to its own younger
and future generations — demands effective
policy and programs engaging all Canadians.
The whole ball of wax
The entire socio-economic system must be
addressed, not just the demand for and
supply of energy. Committed individuals
and families who act to reduce their personal emissions are to be applauded, but
their actions are dwarfed by the emissions
of Canadian society as a whole: corporations, governments, the military, and the
many citizens who do not know or do not
care. Global heating is not just about reducing emissions — it is about rebuilding
the socio-economic systems of Canada.
Sound policy — sound tools
It is past time for our federal government to
figure out what target Canada could in fact
hit and when, and the most cost effective
way to do so. Then it should develop policies and negotiate programs and commitments from other parties that would in fact
secure whatever result is sought. That
would be a competent approach, a contrast
to the incompetence to date.
This paper has presented an example of a
tool used by some municipal governments
in Canada, but not yet by the federal government. It identifies the boundaries of the
possible and opens the way to policies and
programs that would actually work. The full
development of such policy and programs
would then require attention to the engineering and economic factors, and to the
development, demonstration and largescale commercial deployment of promising
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technologies. It would require a willingness
to learn along the way and to adjust course.

Closing thoughts
Why a percentage?
The emissions per capita province by province vary by a factor of about 7:1. Québec
has the lowest emissions per capita of the
provinces, about 15% those of Alberta and
Saskatchewan. This is of course the approach taken in the Kyoto Accord in 1997,
through to the 2015 Paris agreement. Yet
what matters is the number of molecules of
greenhouse gases that are emitted into the
global atmosphere. The adoption of a percentage of an existing level of emissions as
the measure probably suited the rich countries in Kyoto that were able to persuade
the developing countries to sign on with
financial provisions to support their agenda.
A complete change of approach would start
by recognizing that all seven billion people
on the planet, along with a myriad of other
species of life, share the one and only atmosphere. An approximate level of total
global emissions that would stabilize the
concentration of greenhouse gases is of the
order of seven billion tonnes of CO2e a
year. The starting point for a morally sound
approach would be the allocation of
1 tonne a year to each and every citizen of
the world. Policies, programs, technological development, and markets could then
function on this understanding.
Accountability
The socioeconomic paths that have led to
excessive global heating are long; they began with the coal-fired steam engines that

been accepted by the Government of Canada are set longer into the future than the
mandate of one Parliament. In practice, by
the time that a commitment has been due
in Canada, it has been a federal party of a
different colour that is in power.

Annual staging posts
Targets for economic performance are routinely set at least once a year and reports
are often published more frequently. An
elector interested in the economy is very
well informed about the state of play.
Targets for the reduction of emissions of
greenhouse gases, however, have been set
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 on its own that is by no
means enough. The Government of Canada should declare at the same time that it
makes or confirms a long-term commitment
how it is going to move towards that commitment year-by-year by setting out a timetable. It should also continuously reexamine Canada’s options and be willing to
learn from experience.
The Government of Canada does in fact report to the United Nations the country’s annual emissions of greenhouse gases. It
takes a little over 12 months to assemble
the data, so there is an inevitable lag in reporting. But to date there has been no
benchmark against which to judge the reported annual emissions. This serious deficiency in accountability should be addressed without delay.

launched the industrial revolution in the
18th century. The pathways to address the
issue are also long. The targets that have
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ADDENDUM
Canadian Energy Systems Simulator
This addendum has been distilled from the
website of whatIf? Technologies Inc. by
John Hollins

Introduction
The Canadian Energy Systems Simulator
(CanESS) developed by whatIf? is a computational model with a very large database
that enables its users to examine options for
the evolution of energy systems in a consistent and coherent manner. It is an integrated, multi-fuel, multi-sector, provincially
disaggregated energy-systems model of
Canada. Emissions are taken into account

CanESS enables bottom-up accounting for
energy supply and demand, including energy feedstocks (e.g. coal, oil, gas); energy
consuming stocks (e.g. vehicles, appliances,
dwellings) and all intermediate energy
flows. It is calibrated with observed historical data from 1978 to the present, and it
enables projection of scenarios forward to
2050 and beyond.
The conceptual view of the energy system
that underlies the development of CanESS
is shown in the figure below.

from the beginning of an analysis.
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Comment
Conventional thinking about energy starts
with sources of energy (e.g., coal, oil, natural gas, biomass) that flow one way to uses
of those sources. In CanESS, the role of energy currencies (e.g., electricity, gasoline,
hydrogen) is — literally — central to the conceptual approach. Requirements draw on
energy currencies and sources provide the
currencies. This model works both ways.

Coherent
CanESS focuses on coherency — on creating
scenarios that are consistent among the
population, the level of economic activity,
the services required by the population, the
energy system, and the emissions of greenhouse gases. It assures coherency over time
and within time periods through the use of
stock-flow accounting rules, vintage stocks
and life tables, supply/disposition balances
for fuels and feedstocks, and the explicit
representation of energy transformations.
The major sub-models and high-level computational structure of CanESS are shown in

the second figure. A detailed description of
the sub-models is provided on the whatIf?
Website.

History and Sources
CanESS is calibrated over historical time
from 1978 to the present in one-year steps.
The result of the calibration is a complete
historical database of all the variables in
CanESS. This database is a synthesis of data
from a wide variety of data sources including: Statistics Canada; the Office of Energy
Efficiency, Natural Resources Canada;
Transport Canada; Environment Canada;
the National Energy Board; and technical
data from various scientific and engineering
studies.

Summary
At its core, CanESS is a stocks-and-flows accounting-framework model that represents
the physical state of Canada’s energy system over time — for the observed past and
for alternative future scenarios.
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In order to project how energy flows may
be changed in the long term, CanESS yearby-year:
o

traces the flows and transformations of energy from sources (e.g., crude oil, uranium,
wind), through energy currencies (e.g.,
gasoline, electricity, hydrogen) to end uses
(e.g. personal vehicle use, space heating);

o

finds an energy balance by accounting for
efficiencies, conversion rates, trade and
losses at each stage in the journey between
end use, currencies, and sources;

o

creates a picture of energy flow for each
and every year by including many factors,
for example:
•

the population;

•

economic activity;

•

energy production and trade;

•

energy delivery technologies and tech-

The CanESS framework accepts and tests
the effects of variables defined by users.
Throughout the CanESS accounting framework, there are input variables for the assumptions that users wish to examine. This
enables a user to create what if? scenarios
as a foundation for creating sound policy
proposals — that would actually work in
practice.
For a fuller description of CanESS, please
visit the whatIf? website:
http://www.whatiftechnologies.com/modelinformation

nologies that transform energy sources
to energy currencies.
The model makes an explicit mathematical
relationship between these and many other
factors.
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