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Preface
This research report focuses upon Canada’s past efforts and future goals to reduce our emissions of
greenhouse gases (GHGs). It proposes a new approach, using exploratory simulation modeling, to
identify effective pathways for reductions in these emissions by 2030 and 2060. It proposes ways in
which Canada must change in its approach if it is to effect meaningful, significant change.
On April 22, 2021, the Government of Canada announced that the new Canadian goal for GHG
emission reductions is to exceed a 40% reduction from 2005 emission levels by 2030, thus increasing
Canada’s commitment from its 30% reduction target committed to under the Paris Agreement of
2015.
The Canadian Net-Zero Emissions Accountability Act received Royal Assent on June 30, 2021. The Act
formalizes Canada’s target to achieve net-zero emissions by the year 2050. Net zero will succeed the
previously established 80% reduction target.
This report shows clearly that Canada is not close to being on track to meet the 30% Paris reduction
target, never mind the new 40% proposal. The 40% to 45% reduction target follows a pattern of
Canadian public policy responses to the climate crisis that have repeatedly failed to deliver for three
decades.
Canadian governments continue to frame the climate crisis as a market failure that can be resolved
by measures intended to find the ‘right’ prices that will incentivise producers and consumers of
energy to adopt non-emitting processes and technologies and, at the same time, achieve economic
growth.
There is a cybernetic theorem, the law of requisite variety, which states that the regulation that a
regulator can achieve is only as good as the model of the reality that it contains. It is abundantly
clear that the models of reality upon which Canada’s climate policies have been based are not up to
the job.
A model of reality that admits the possibility of pathways to net-zero emissions that include the
continued production of oil from sand and natural gas by fracking is clearly at odds with a reality that
is consistent with the fundamental laws of physics. To navigate by such an illusion will result in
failure.
It is time to recognize that the climate change crisis is but a symptom of a complex of interrelated
problems that threaten life on Earth, the root of which is humankind’s failure to comprehend that
economic growth, as indicated by year-over-year increases in Gross Domestic Product, cannot be
sustained on a planet with a finite endowment of material resources.
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The Executive Director of the International Energy Agency, Fatih Birol, in his introduction to Net Zero
by 2050: A Roadmap for the Global Energy Sector [IEA, 2021] stated that governments must “close
the gap between rhetoric and reality” and that what is required is “nothing short of a total
transformation of the energy systems that underpin” our economies. This study demonstrates an
approach not yet used by the Government of Canada that provides a new way of thinking about the
whole picture, a way to connect rhetoric and reality.
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Chapter 1: Introduction
It is evident that there has been a failure of public policy in Canada with respect to energy and climate
change. Canada has failed repeatedly to hit targets for reductions in greenhouse gas (GHG) emissions
that it had formally accepted (Figure 1.1). Canada’s reported emissions in 2019 were 730 megatonnes
carbon dioxide equivalent (Mt CO2e)1, the same within the margin of error as the 732 Mt CO2e reported
in 2005 [ECCC, 2020]. Precious little progress has been made in 13 years; absolute numbers remain the
same although Canada’s per capita emissions have fallen slightly given the country’s increase in
population.
The need to reduce GHG emissions in order to avoid global warming is urgent. It was recognized and
accepted more than three decades ago based on the scientific consensus that (a) global warming is
occurring and (b) it is extremely likely that human-made GHG emissions have predominantly caused it
[IPCC, 2014; IPCC, 2018; World Bank, 2012].
Climate change is upon us and is real. The litany of accelerating consequences already is evident daily in
the global media and addressed regularly in the academic press. Visible impacts include rising sea levels,
stronger hurricanes, heat waves, melting ice and wildfires. The evidence is beyond question even if
disputed by some populists and vested interests [Taft, 2017].
The relationship between carbon dioxide emissions and global temperatures has been understood for
more than a century. 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. Global measurement of changing temperatures and of increasing concentrations of
greenhouse gases has been done for many decades⎯the longest continuous record being from Mauna
Loa. 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.
The causal relationship between GHGs and global warming has been confirmed by the
Intergovernmental Panel on Climate Change (IPCC). The IPCC is a United Nations body, and was
established by the United Nations Environment Programme (UNEP) and the World Meteorological
Organization (WMO) in 1988 with the mandate to assess the science related to climate change [IPCC,
2013]. The IPCC and the climate models upon which their assessment is made have consistently
underestimated the speed of global warming with the consequence that the time period within which
1

This measure includes the following gases that exert a greenhouse effect in the atmosphhere: carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6) and nitrogen trifluoride (NF3)
[ECCC,2021].
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the transition to net zero must occur is much shorter than is commonly cited [Cox, 2007; Hansen, 2007;
Pearce, 2007; Steffen et al., 2018; Wadhams, 2016; Wasdell, 2005].
Canada was a signatory of the Kyoto Protocol, a treaty adopted in Kyoto, Japan on December 11, 1997
that entered into force on February 16, 2005. In so doing, Canada committed itself to reductions in GHG
emissions of 6% relative to 1990 levels by the commitment period, 2008-2012. By 2015, emissions were
18% above 1990 levels. Canada withdrew from the Kyoto Protocol in December 2012. Under the Paris
Agreement of 2015, Canada committed itself to reducing GHG emissions by 30% relative to its 2005
levels by 2030 and by 80% by 2050.
When the Prime Minister of Canada signed the United Nations Framework Convention on Climate
Change in Rio in 1992, the first country to do so, 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%. It subsequently abandoned the commitment for 2020 that it accepted in
Copenhagen in 2009 (Figure 1.1 below). Canada has made no progress in meeting its stated targets
during the past three decades.
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Figure 1.1: Canada’s Track Record for Meeting Pledged Reductions in GHG Emissions, from Toronto to Paris (note that
2020’s projected emissions may be as low as 612, and will be abnormally low as a result of the COVID-19 pandemic).

This failure of public policy raises the question of the suitability and adequacy of the process of making
public policy with respect to climate change and of the analytical approach and modelling tools that
have been brought to bear by the Government of Canada in this domain of public policy. These are the
questions addressed in this report.
Chapter 2 examines the nature of problem that has so far baffled policy analysts and lawmakers.
Chapter 3 proposes a participatory and adaptive approach to public policy making with respect to
energy and emissions, in sharp contrast to the conventional approach.
Chapter 4 identifies the information and modelling tools needed to support the proposed approach and
finds that exploratory simulation models accessible to all stakeholders are an essential tool.
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Chapter 5 describes the CanESS model, an exploratory simulation for Canada and the provinces, that
was chosen for the purposes of this study to demonstrate the functionality needed to address the policy
issues of concern.
Chapter 6 describes the simulations performed for this study and draws several conclusions from the
simulations at the national level.
Chapter 7 identifies the part played by the provinces and discusses the implications of the disparate
results and simulated future trajectories for the provinces and territories.
Chapter 8 presents a series of over-arching concluding messages drawn from this modeling approach.
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Chapter 2: Nature of the Problem
Global heating is a “wicked” problem: a social and cultural issue or concern that is inherently very
difficult to solve. Wicked problems are the crises that we long to solve, but for which answers are
intricate. Unlike simpler problems that may boast a quick fix and an easy answer, these crises are
complicated or interconnected, or require considerable coordinated actions to fix; they plague our
governments, communities, and society as a whole.
Energy is an essential component of all life and processes on earth. As such, it is an integral
component of an economy; it cannot be treated in isolation from the structure of the entire
economic system. Meeting aspirations for reduction of emissions through change in energy systems
involves transformation of the structure of the entire economic system, from the existing structure
based on fossil fuels to one that is carbon free.
The structure of the economic system is embodied in a large inventory of stocks of productive
capacity, including manufacturing plants and equipment; commercial buildings; oil refineries;
electricity generators; pipelines; port facilities; trains and trucks; consumer goods, including dwelling
units; household appliances; and motor vehicles. It is the configuration of the stocks and their
utilization that ultimately determines the flows of energy and GHG emissions. Reducing or
eliminating GHG emissions therefore requires reconfiguring stocks.
Stocks may take decades to roll over: 15 or 20 years for items such as vehicles and 30 or more years
for facilities such as generation and distribution of electricity, buildings, and infrastructure.
Consequently, the time horizon of the analysis must be long enough to encompass at least one, and
preferably two stock rollovers. Furthermore, the analysis must focus on pathways or trajectories
rather than end points. A pathway is a sequence of steps that leads to the desired reconfiguration of
the stocks. A pathway is considered to be physically feasible if the reconfiguration of the stocks is
coherent with the desired outcome with respect to GHG emissions and meets societal needs for
goods and services. A pathway is politically feasible if it is clear that aspirations for changes in
economic systems are not limited to de-carbonization, but encompass economic performance, public
health, social wellbeing, security, biodiversity, and resource stewardship.
The system within which climate change goals are to be met is complex. It has two interacting
components, a biophysical component consisting of a large number of processes that transform
materials and energy into the goods providing the services required to meet human needs, and a
cognitive component consisting of a large number of economic agents, including individuals,
households, business enterprises and governments, whose decisions and actions establish the
structure of economic activity. These disparate processes and agents interact with each other and
the relationships among them are not linear; they are complex.
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Understanding complex systems is hard, and solving wicked problems is even harder. There is
seldom a single policy lever that can be pulled or a single successful solution. There may be many
policies, each targeting different leverage points of the system. In the long term, there are paths of
development that would enable Canada to substantially reduce its emissions. This will not be
achieved by a single action but by the contributions of many initiatives through the engagement of
citizens, corporations, and governments.
The future of the economic system is inherently unpredictable as it depends on the accumulation of
knowledge and know-how in the cognitive component that is embodied in materials and energy
transformation processes. There are at least two sources of uncertainty that must be recognized.
First, new technologies that may emerge are unpredictable and may open up pathways that cannot
be anticipated. Second, the responses of agents to circumstances outside the range of past
experience are also unpredictable. Any actions and approaches adopted must involve continuous
monitoring, so that they can be adjusted to deal with what actually happens.
The problem has an intergenerational equity dimension. Failure of the current generation to
mitigate global warming will be to the detriment of younger and future generations. Their ability to
act will be determined by what is done or not done now. Solutions will not all be easy or popular.
Clearly, the burden must be shared between places, generations, industries, and jurisdictions.
The window for the transition away from a fossil-fuel-based economy is 30 to 60 years before the
level of damage to basic life-support systems is predicted to be beyond recovery. It has taken two
hundred years to get where we are. Effective action to deliver solutions to maintain a liveable planet
must start now.
Wicked problems cannot be resolved using the techniques used to solve simple problems. The
following chapter lays out an approach that is competent to address this wicked problem.
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Chapter 3: Effective Approach to Public Policy
The Government of Canada has agreed to emission targets, but sufficiently far in the future that those
who set targets would not be held accountable when they were missed. Emission targets, including
those for 2030 and 2050, were set without assessment of technologically-coherent pathways capable of
meeting those targets. The targets were not informed. No milestones were set to assess the
effectiveness of policy measures.2
The long time horizon, the inevitable uncertainties, and the large number of stakeholders require a
participatory and adaptive approach to public policy. The framework for making public policy must
include effective methods for reaching consensus on aspirations for system change and for
monitoring the effectiveness of policies and programs as they are delivered.
Decision making in matters of public policy is a political process and accountability for decisions of
public policy rests with elected officials. An informed public is essential for effective public policy.
There must be a broad-based understanding of how the system works before policies intended to
change the behaviour of the stakeholders involved can be implemented, particularly when the
interests of the public diverge from those of particular interest groups.
The first element of a public policy framework for making the transition to a low-carbon future is
setting aspirations, in the form of targets or goals. The Paris target is an example of an aspirational
goal. However, meaningful targets can be set only after it has been established that there exist
biophysically and technologically coherent pathways to meet them. The time horizon must be long
enough to secure the transition from the current state of the system to the desired state. And
frequent milestones must be set to monitor progress. Canada’s engagement in the Paris Agreement
lacked such a foundation.
There may be more than one pathway to hit a target. Each pathway can be assessed and a pathway
that best meets societal aspirations can be selected. The expression of choice is inevitably
subjective; pathways may be valued differently by various stakeholders. Choice involves
understanding the real trade-offs among interests and negotiating until a choice can be made that is
fair and acceptable to all parties. It is only after a pathway has been selected that policies can be
identified and implemented to change the behaviour of economic agents such that the system is
nudged on to the chosen pathway.
A range of policy instruments is available, from suasion to taxes, subsidies, trading schemes,
regulation, and the establishment of new institutions. In order to determine whether the selected
policy instruments are having their intended effect, performance must be checked regularly against
2

It is noted here that with the very recent enactment of Bill C-12 in June of 2021, milestones have now been mandated and set for 2030,
2035, 2040 and 2045. Reports must also be produced by the government at these times. Such milestones and accountability measures are
a step in the right direction but are not sufficient or anywhere near frequent enough.
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milestones. This is a central aspect of such an adaptive approach. If milestones are set for a time
period too far into the future, it may not be apparent that they will be missed until it is too late to
change. Milestones may be missed either because the policy instruments did not have the intended
effect or because the system was subject to unanticipated disturbances. If milestones are missed, it
will be necessary to adjust pathways, milestones, and policy instruments. At any time, new and
unforeseen technologies may open new pathways. Should a new pathway be preferred, new
milestones will need to be set and the policy mix will have to be adjusted. The steps are iterative;
the approach adaptive.
The adaptive approach to policy making with respect to global warming outlined above contrasts
with current practice that, thus far, has proven to be inadequate. Decision makers have been
advised by policy analysts, almost always economists, who prescribe policies using proprietary
economic equilibrium models. Invariably, the policy analysts prescribe a carbon tax as the single
most effective tool for reaching targets. Taxes are effective in business settings, but the evidence
that they work in consumer settings is modest. To date, personal mobility has trumped price at the
pump for most Canadians. A carbon tax on consumer motor fuels is a regressive tax, hitting the less
well off.
The economic policy prescriptions rely on the ability of the analysts to predict the prices of energy
carriers over a time horizon of 50 years or more and to understand the response of energy producers
and consumers to changes in relative prices. This is not possible using conventional economic tools.
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Chapter 4: Tools Needed to Support an Adaptive Approach to Public Policy
Energy systems models have a crucial role to play in the adaptive approach to energy and emissions
policy described in Chapter 3 above.
Energy systems models frame and make explicit the concepts and the relationships among them that are
needed to understand and quantify the energy system in the context of the whole economy. They serve
as a platform for organizing and providing access to data that describe past and future states of the
energy system and its capacity to meet the needs of Canadians. Such models are a tool that may be
used to explore alternative pathways including those that meet societal aspirations for reducing GHG
emissions, and as such, they open up the space of possibilities from which informed choices can be
made. They provide detailed quantitative milestones or targets along pathways so that the
effectiveness of policies can be monitored. Thus, energy systems models are an essential ingredient in
creating the informed public, without which public policy runs a high risk of failure
In order to be effective, energy systems modelling tools and their underlying historical data bases must
be freely accessible to, and understandable by, all interested parties, including federal and provincial
governments, policy analysts in the public and private sectors, the press and public at large.
Stakeholders in the decision-making process must be able to explore the long term and systemic
consequences of alternative configurations of the energy system and understand how sensitive the
system is with respect to external shocks and various parameters. The only effective way to understand
complex, non-linear systems is to see how they respond to imposed shocks, insofar as the system will
respond differently depending on the state of the system when the shock is applied. But accessibility is
moot without comprehensibility or transparency. The causal chains represented in the structure of a
model must be explicit. It should be possible to trace how changes in one variable influence other
variables. Transparency implies that the values of all variables and parameters must be accessible in
tables and charts for all future scenarios as well as for historical time. The assumptions that underlie
future trajectories must be fully documented and accessible.
Further, energy systems models must embody concepts and have properties or features that make them
appropriate for exploring pathways over a time horizon of fifty years or more. In short, they must be
appropriate for the nature of the problem as described in Chapter 2.
Framing
The energy system should be framed as a network, in which the nodes of the network are processes and
the links among the processes are mass flows of materials, some of which carry energy. The concept of
process is fundamental. The observed states of a system are a manifestation of the underlying
processes [Capra, 1985]. Each process in the network is a technology that transforms material using
energy, subject to the laws of chemistry. Processes are dynamic insofar as they are concerned with time
streams of inputs and outputs. Energy systems models should represent the array of processes that first
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transform energy sources into energy carriers such as electricity and fuels, and then the use of energy
from carriers to meet human needs for shelter, nutrition, security, mobility, and community. As there
may be more than one process for producing a product, it is necessary to represent processes as
discrete entities. Processes that are sufficiently understood that they could be deployed should be
represented as well as processes that are currently deployed. Processes that have yet to be discovered
can only be represented as new information becomes available. It follows that a model is not an object
that once built is finished; rather, modelling is an ongoing process that absorbs new discoveries as they
are made.
Context
The energy system should be represented in the context of all of the activities that constitute the entire
economy. The model should encompass the processes that extract raw materials and transform them
into finished goods as well as those that transform energy sources into the energy carriers that power
most activities. The energy system must be scaled to meet the needs of the population as it evolves
over time.
Pathways
A pathway is a sequence of actions needed to change a system from one state to another. Energy
systems models should be designed to explore pathways that transform the energy system from its
present state to a desired state at some point in the future. Finding end states that are thought to be
optimal or meet stated criteria is not sufficient as pathways that reach the desired end state at a
prescribed future point in time might not exist. Alternatively, there may be one or more pathways that
realize the desired transition and the model must be capable of exploring alternative pathways. The
time horizon over which the transition occurs is an important consideration. The pathways should be
anchored in the present and extend in discrete time steps over time horizons long enough to
accommodate at least one and preferably two stock rollovers.
Stocks and Flows
It is important to distinguish between the concepts of ‘stock’ and ‘flow’. A stock is something that exists
at an instant of time, whereas a flow is something that is measured per unit time. According to Kenneth
Boulding [1978],
"Another taxonomic and conceptual problem that has plagued economics from the time of Adam
Smith is the confusion between stocks and flows . . . The capital stock is a population of items,
production is births into that population, consumption is deaths . . . Furthermore, the idea that
production is consumption is only partly true. What we get satisfaction from for the most part is
use, not consumption . . . This has led to an extraordinary neglect of information collection about
the capital structure . . . and the absurd view that it is income which is the only measure of
riches."
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Stock-Flow Coherency
The only thing about pathways over a 50 year or longer time horizon that can be said with a high degree
of certainty is that they will be coherent with the physical and chemical laws that transform materials
and energy. Stock-flow coherency is a property of models that ensures that the representation of the
energy system does not violate the law of the conservation of mass and energy [Ayres, 1978]. Energy is
conserved⎯in other words, energy can neither be created nor destroyed. Within each time period, the
model should assure that the supply of each commodity from production and imports meets
requirements for domestic use and exports. The processes that transform materials must be modelled
in such a way that that the material inputs are equal to the material outputs of products and waste in
mass and energy units. Stock at the beginning of a time period plus additions to the stock made during
the time period minus discards from the stock made during the time period must equal the stock at the
beginning of the next time period. It is often helpful to keep track of the age structure of stocks as they
evolve over time. Stock-flow coherency implies that flows can be accumulated over time and that the
model can reflect cumulative effects, such as concentrations of GHGs and other pollutants.
Controllability
To simulate alternative pathways that are stock-flow coherent, the model user must be able to control
the configuration of processes over time. This control may be exercised by manipulating two important
sets of levers or control variables.
The first are the variables that allocate the requirements for new productive capacity for each product
to the technologies that can produce that product. For example, requirements for new capacity to
generate electricity might be met by solar panels, wind turbines, geothermal turbines, nuclear reactors,
or coal-fired power plants.
Second are the variables that control removals from stocks of productive capacity. For example, to
speed up the deployment of renewable energy sources, it may be necessary to retire existing coal-fired
generating capacity.
These control variables must be time-dependent⎯ i.e., they may take different values in each time
period. This makes it possible to simulate pathways where the share of new vehicles that are battery
powered increases over time.
Historical Calibration
Calibration is the process of assembling an historical database of all the variables in a model such that all
the supply/disposition and stock/flow accounting identities are met. Models must be calibrated in such
a way that the settings of the control variables that give rise to observed values of variables over
historical time are reproduced. This enables the model user to set future values of control variables in
the context of past values. In addition, calibration provides the age structure of the stock variables that
11

are the starting point for future trajectories. That a model can be run over historical time and produce
the actual observed values of output variables is a strong test of model validation.

The State of Energy Systems Models for Canada
There are three classes of energy systems models: policy models, optimizing models, and exploratory
simulation models, all three of which have been built for Canada.
Policy Models
Policy Models focus on representing how economic agents⎯consumers and producers of
energy⎯respond to policy initiatives intended to reduce GHG emissions such as carbon taxes, cap and
trade systems, and subsidization programs. These models are based on economic theory; in particular,
on consumer choice theory in which agents choose technologies on the basis of cost over the lifetime of
the stocks in which the technology is embedded and on other factors such as prestige associated with
ownership and safety features. They are often used in conjunction with macro-econometric models or
computable general equilibrium (CGE) models that provide forecasts of GDP and energy prices to the
energy systems model. Policy models are used to provide ‘outlooks’ based on policy as announced and
to prescribe economically efficient policy mixes that meet emissions targets. Examples of energy policy
models for Canada are Energy 2020, a model developed by Systematic Solutions Inc., an Ohio based
company and implemented for Canada at both Environment and Climate Change Canada (ECCC) and the
Canadian Energy Regulator (CER). CIMS, the Canadian Integrated Modelling System, developed at the
Energy and Materials Research Group of Simon Fraser University is another such model [Jaccard, 2006,
2009]. CIMS has been coupled with a CGE model by Navius Research in the gtech model [Navius, 2021].
Optimizing Models
Optimizing Models use linear programming techniques to find the least cost solution for energy systems
that meet requirements for energy in an economy. They may incorporate constraints on GHG emissions
such that targets are met. The North American Times Energy Model (NATEM), is an implementation of
the TIMES linear programming model for North America by ESMIA Consultants for use in the Trottier
Energy Futures Project [Trottier, 2016]. MARKAL-TIMES is a family of model generators developed by
the International Energy Agency (IEA) and applied in many countries in Europe and throughout the
world. MARKAL, originally developed in response to the energy crises of the 1970’s, was designed to
minimize the cost of meeting requirements for energy commodities. TIMES extends the scope of
MARKAL to include the response of energy consumers to forecasted changes in the price of energy
commodities.
Exploratory Simulation Models
Exploratory Simulation Models use simulation techniques to explore how energy systems might be
reconfigured over time in such a way that targets for GHGs and other aspirations for system change
12

could be met. They recognize that the technologies for producing and consuming energy are embedded
stocks of productive capacity such as oil refineries and power generating plants and stocks of consumer
goods such as buildings, household appliances and motor vehicles, and that low-emitting technologies
can only be introduced as stocks grow or as old stocks reach the end of their service lives and must be
replaced. The Canadian Energy Systems Simulator, (CanESS) being developed by whatIf? Technologies,
an Ottawa based company, is an example of an exploratory simulation for Canada.
How well do existing energy systems models for Canada support the adaptive approach to public policy?
This question is answered under the headings of accessibility, financial viability, comprehensibility,
controllability, stock-flow coherency, and calibration.
Accessibility
Accessibility is an issue for all of the Canadian energy systems models. It is perhaps a moot point for
models that lack transparency, but accessibility to all stakeholders is essential for exploratory simulation
models such as CanESS that are intended to communicate understanding and learning by exploration.
Models including Energy 2020 and the macro-economic models used in conjunction with it are
proprietary to the Government of Canada. Neither ECCC nor the CER has the mandate or the resources
to support access to all stakeholders. Models including gtech, NATEM, and CanESS are proprietary to
for-profit consulting companies and access is limited to those who pay fee-for-service.
Financial Viability
The Government of Canada has funded the development of its own policy models to the almost total
exclusion of exploratory simulation models and optimizing models. CIMS and NATEM have been
supported from academic sources such as NSERC and SSHRC. CanESS development has been publicly
supported only through the research tax credit program.
Comprehensibility
Transparency is a challenge for many energy systems models that are formulated as sets of
simultaneous equations or linear programs to be solved. In these models that incorporate feedback
structures that automatically equate energy supply and demand, the cause-effect influences are circular,
making it virtually impossible to understand which variables have influenced the result and to what
extent.
Controllability and Choice
Models that prescribe the most economically cost-efficient policy mix or the least-cost solution limit the
choices available to those responsible for making decisions to ‘take it or leave it.’ They are based on the
presumption that the problem of meeting targets is a technical one and that what is ‘best’ can be
objectively determined by ‘experts’ who assert that values and time preferences can be objectively
13

measured or that they are revealed by market prices. Cost minimization models such as NATEM are
intended to find a single ‘best’ or least-cost solution. This focus on identifying a ‘best’ solution closes
the space of possibilities and pre-empts the political process. Models that incorporate consumer choice
theory in the representation of the behaviour of producer and consumers, such as Energy 2020 and
CIMS limit the choice pathways to those that can be reached by policy-induced changes to the behaviour
of producers and consumers of energy. Since agents’ behaviour is usually represented in such a way
that they do not respond to externalities, except to those external costs that have been internalized,
many options are missed.
Stock-Flow Coherency
Most, if not all, energy systems models for Canada, assure stock-flow coherency for energy feedstocks
and carriers in the energy sector. The policy and optimizing models rely on linkage to a macro-economic
model to assure consistency between the energy system and the macro-economy. But macro-economic
models fail to assure stock-flow coherency for other goods because, for the most part, flows and stocks
in the macro-economy are measured in value units, usually constant dollars, which are poor
representations of the underlying physical flows. Further, most macro models focus almost exclusively
on flows, ignoring stocks.
Calibration
Policy models that include representations of agent behaviour are difficult to calibrate over historical
time because agent behaviour, in reality, is far too complex to be fully captured in equations whose
parameters are estimated from aggregate time series data. It is difficult, if not impossible, to calibrate
optimizing models such as NATEM as that would imply the existence of a single controller who was able
to optimize system performance over historical time, whereas many institutions have agency in those
markets.
From the discussion above, it is clear that exploratory simulation models, with their emphasis on stockflow consistency and the explicit representation of the technological processes that transform materials
and energy, both extant and prospective, are uniquely well-suited for exploring alternative pathways
that meet emissions targets and other aspirations for system restructuring.
For these reasons the Pathways Project Team chose to use the CanESS model. The next chapter
describes the CanESS model and the approach to modelling embraced by its developers.

14

Chapter 5: The CanESS Model
The Canadian Energy Systems Simulator (CanESS) was developed by whatIf Technologies Inc., an Ottawa
based company founded in 1989 to develop custom simulation models using the whatIf suite of
modelling tools. CanESS had its origins in the socio-economic resource modelling program at Statistics
Canada, the development of energy end-use databases and custom energy systems models for the
National Energy Board, Natural Resources Canada, and Transport Canada. CanESS became operational
in 2004 and has been used by clients for a wide range of scenario analyses, the most important of which
are the Trottier Energy Futures Project [Trottier, 2016] and the CESAR Pathways Project at the University
of Calgary.
CanESS is an exploratory simulation model designed to simulate stock-flow consistent technology-rich
pathways for the energy and materials transformation processes of Canada and the provinces.
CanESS focuses on representing the technologies or processes that transform energy sources into
energy carriers such as refined petroleum products, electricity and hydrogen and those that use energy
carriers to provide the goods and services needed by Canadians such as space conditioning, personal
mobility, transportation of goods, and the mechanical energy and process heat for manufacturing.
These two sets of technologies constitute what is called the energy system, as shown in Figure 5.1.

Figure 5.1: The Energy System, depicting the technologies that transform and then use energy.
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In CanESS, the energy system is scaled to meet the needs over time of Canadian households, businesses,
and governments. It includes a demographic model for Canada and the provinces that keeps track of
population by single year of age and gender, households by size and age of head, and labour force
consistent with fertility, mortality, migration, household formation, and labour force participation
parameters. Stocks of dwelling units, commercial and institutional buildings, infrastructure, and
passenger and freight vehicles are related to appropriate demographic variables. Industrial activity is
related to the gross domestic product.
It is recognized that technologies are embedded in producer stocks such as oil and gas wells, refineries,
and electricity generation facilities and in consumer stocks such as dwelling units, commercial and
institutional buildings, plant and equipment, motor vehicles and transportation infrastructure. To
change the energy system with respect to energy sources and GHG emissions, it is necessary to change
the composition of both producer and consumer stocks. In CanESS, the parameters that determine the
technological composition of the stocks or the penetration of new technologies into those stocks over
time are the user-supplied control variables. Existing stocks are added to as they need to be replaced or
as they need to be expanded to meet needs. In this way the model can be used to explore a wide range
of pathways including those that meet targets for GHG emissions.
CanESS represents stocks and flows in physical units of mass, energy or entities, in order to assure stockflow coherency. In each time period, the sum of domestic production and imports must equal the sum
of domestic use and exports for each product. In addition, the stock at the beginning of each time
period plus additions to the stock minus discards from the stock must equal the stock at the beginning of
the next time period. Stock-flow coherency assures compliance with the first law of thermodynamics.
CanESS represents technologies as discrete processes to assure consistency with the laws of chemical
transformations. It does not represent the behaviour of the economic agents who deploy new
technologies, as it is the objective of policy makers to change the behaviour of agents in such a way that
societal aspirations for economic prosperity, ecological robustness and climate change can be met.
Insofar as technologies are embedded in stocks, the time horizon of the model is distant enough to
accommodate at least one and preferably two stock turnovers. Accordingly, CanESS runs in annual time
steps over periods of up to 100 years. Since most flows are represented as units per year, flows can be
accumulated into stocks such that stock-flow coherency can be maintained.
The computational structure of CanESS is shown in Figure 5.2 below.
CanESS is highly modular and designed in such a way that the addition of new modules and the
modification of existing modules are facilitated. The computational structure of CanESS is such that
modules are executed over the whole time horizon one after the other in a sequence. Each model can
be independently tested and can be easily modified to incorporate new technological possibilities as
they emerge. CanESS is intended to be used as part of the adaptive approach to policy making.
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Figure 5.2: The Computational Structure of CanESS.

The modules that produce energy feedstocks are the first in the sequence. These are the modules that
extract crude oil, bitumen, fossil gas, coal, uranium, and biomass from agricultural land and forests.
These modules require fuels for their operations and, like most other processes, generate emissions.
Next are the population, households and economy modules that are used to scale the energy end-uses
needed to meet requirements for transportation, residential and commercial buildings, and industrial
production. These modules keep track of stocks of artifacts, such as vehicles, buildings, appliances, and
equipment and their uses to calculate requirements for energy carriers and the emissions associated
with their use. Some of the requirements for energy carriers may be met by importing from abroad and
for some the production may be for export. The next set of modules represents the processes that
transform energy sources into energy carriers. Differences between requirements for energy feedstocks
and the production of feedstocks are then calculated.
The electricity generation module of CanESS includes a full 8,760 hourly dispatch model using a
simulation approach. Annual electricity demand is allocated over the 8,760 hours in each year using
load shapes associated with detailed sectoral end-uses and installed capacity is assigned for the 8,760
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hours. Hourly demand is further subdivided into demand that can be satisfied by base-load generating
capacity and that which must be satisfied by load-following capacity. Some generating capacity can be
(exogenously) designated ‘must-run’ including nuclear, hydro and wind generation capacity. In each
hour, given the availability of intermittent energy sources (sun, wind, tides, river-flow), must-run
electricity generation is subtracted from hourly demand and the difference is dispatched to base-load
capacity and load-following capacity according to (exogenous) rank orders of preference specific to
base-load and load-following demands. In any given hour, it is possible that there is not enough
generating capacity to meet the demand and it is possible that must-run generation exceeds demand;
the dispatch algorithm allows for both possibilities.
Downstream modules are allowed to use information calculated upstream, but feedback from
downstream to upstream modules is not permitted until after all the modules have been executed and
the incoherencies that result from lack of feedback, including failure to meet aspirations for the
reduction in GHGs, are reported. It is then up to the user to reset the control variables that influence
the size and structure of the energy system in such a way as to resolve incoherencies.
The computational structure of CanESS is designed to make the model user an integral part of an
exploratory process rather than an observer of a system in which all the feedbacks are included in the
model structure. A single pass through the sequence of modules is fully deterministic, but the search for
coherent solutions that meet aspirations for system change involves user input and creativity. CanESS is
unique in this respect. Most models resolve incoherencies by incorporating all feedbacks in the model
structure by simultaneous equations over all time or by differential equations that assure coherency in
each time step before proceeding to next time steps.
It is recognized that transparency is essential for models such as CanESS that are intended to
communicate understanding of how the system works and support user-created stock-flow consistent
transition pathways. CanESS and the whatIf? platform upon which CanESS is implemented was designed
with the objective of transparency in mind.
Model documentation is integral to the modelling process in the suite of modelling tools developed by
whatIf? Technologies. Essentially, models are implemented from their documentation. The first step in
model implementation is the creation of a set of influence or design diagrams⎯one for each module or
calculator. Each diagram represents the variables, the procedures that effect the transformation of
input variables to output variables, and the connective structure among variables and procedures. The
data, both historical and projected, and the mathematical formulae of the transformations can be seen
from the diagrams.
The block recursive computational structure of CanESS in which modules are executed over all time
sequentially according to an a-cyclic dependency structure implies a causal structure without feedbacks.
The question ‘what caused this variable to change?’ can always be answered by following the logic of
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each sub-model in the dependency structure back to the user-supplied input that triggered the change
and the values of the parameters that have influenced the magnitude of the change.
CanESS is fully calibrated over the period from 1978 to 2016. The result is a coherent and fully
articulated database for all the variables, flows, stocks and parameters in CanESS. This is easily the
richest energy database in Canada that integrates data from a wide variety of data sources. In fact,
calibration is an integral component of the CanESS environment providing historical context for stock
variables and parameter values.
CanESS is very much a work-in-progress: it is intended that CanESS be extended to include full stock-flow
accounting in physical units for materials and material transformations as well as energy. Such a stocks
and flows model was developed for Australia by the Commonwealth Scientific and Industrial Research
Organization (CSIRO) in collaboration with whatIf? Technologies [Foran, 2005].
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Chapter 6: The Simulations and Overview of National Findings
The Pathways Project Team designed and conducted a series of exploratory simulations using the
CanESS model. The objective of the experimental design was to examine the impact on GHG emissions
of rapid changes in the composition in the stocks of residential and commercial buildings, road motor
vehicles, railroad locomotive power, industrial facilities, electricity generators, and oil and gas
production. The use of fossil fuels was phased out in key sectors by 2030⎯a very ambitious
program⎯much more so than contemplated in the Canada Climate Plan [2021].
The simulations were conducted in a sequence; the results are reported cumulatively and are iterative.
The first scenario provided a reference for subsequent simulations. The second scenario left all input
unchanged from the reference scenario with the exception of those inputs in the first targeted sector
that were changed in order to alter the composition of the stocks in that sector. The third simulation
left all input unchanged from the second scenario with the exception of those inputs in the second
targeted sector that were changed in order to alter the composition of the stocks in that sector. And so
on.
The order in which the simulations were created was determined by the Pathways Project Team in
consultation with the analyst and the results were examined after each simulation. The order is
important because earlier actions change the context in which subsequent actions are calculated. The
reductions in GHG emissions achieved by the actions simulated in each sector depend on the order; for
example, switching to electric motor vehicles, which eliminates emissions at the tail pipe, might increase
emissions in the electricity generation sector if that simulation was performed before actions to ‘green
the grid’ were simulated.
Scenario construction was an iterative process. The Pathways Project Team would assess the results of a
model run and suggest modifications to input until a scenario satisfactory to the Team was achieved.
The continuous interactions between the model user, in this case the Pathways Project Team, and the
model is a learning process. As a result, the Pathways Project Team gained considerable understanding
and insight.
Scenario 1: The Reference Case
This reference scenario is the starting point for the simulations. It is the differences between the
reference scenario and the subsequent scenarios that are important. This scenario goes beyond the
conventional “business as usual” as it embodies the plans of governments known to the analyst at the
time the simulation was calculated as well as historical trends in the composition of the economy
projected by the analyst. In the reference scenario, population in Canada is projected to grow from 37
million in 2018 to 42 million by 2030 and to 47 million by 2060. Part of this population growth is due to
immigration, which is targeted to be around 1% of the Canadian total population per year.
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In the residential sector the shift from single detached homes to multi-unit buildings continues.
Electricity generation in the reference scenario is based on the ‘Energy Future Report’ prepared by
Canada Energy Regulator. All provinces phase out coal-fired electricity generation if it is currently part
of their inventory; natural gas generation remains an important source of power in the reference
scenario.
The reference scenario holds the production of bitumen by mining constant at current levels through to
2050 and increases production of bitumen by in situ recovery by 80% from current levels by 2050. The
production of natural gas from unconventional (shale, tight, coalbed methane) natural gas wells doubles
by 2050 [Canada Energy Regulator, 2020].
Scenario 2: Residential Sector
Three sets of changes are simulated in the residential sector: improvements in the thermal efficiency of
residential dwelling units, switching from gas-burning space heating equipment to heat pumps, and
switching from gas hot water heaters to electric water heaters.
CanESS uses an indexed measure of thermal efficiency that ranges from 0 to 100, where zero means no
insulation, and 100 means no conductivity (i.e., perfect insulation). Thermal efficiency increases from
that of the current stock rated at an index value of 75 to an index value of 95 for all units built after
2030.
With respect to space heating, by 2030 all new space heating systems including those that replace
existing systems will use air-source heat pumps (75%) or ground-source heat pumps (25%) with the
consequence that by 2040, most if not all residential heating will be electrified. Hot water heating
follows the same pattern.
Scenario 3: Commercial Buildings Sector
Four sets of changes were simulated in the commercial buildings sector.
The first concerns the thermal efficiency of building envelopes. Of all end uses in the commercial sector,
space heating is the most important user of energy. The change scenario in the commercial buildings
sector reduced emissions by improving the envelope to such an extent that by 2050 only half the energy
is required for space conditioning per square metre.
The second concerns the fuel used to provide space heat. By 2030, all space conditioning systems are
fueled by electricity.
The third concerns switching from resistance heating systems to heat pumps for the provision of space
heat. This switch effectively reduces requirements for electricity by increasing efficiency of space
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heating equipment from 100% (electric resistance heat) to 190% to account for the introduction of heat
pumps.
The fourth concerns the fuel used for heating water and the efficiency of the equipment. For water
heating the alternative scenario takes on exactly the same trends as for space heating fuel shares and
efficiencies, a shift to electric by 2030 and improved efficiency through the use of heat pumps.
Scenario 4: Industrial Sector
The actions simulated in the industrial sector impact all end uses that currently use fossil fuels and that
can be electrified: space heating, water heating, motive, process heat, and steam generation. For all
these end uses the electric energy share reaches 100% by 2050, displacing the use of fossil fuels. Only
the efficiency of electric space conditioning is increased from 100% to 190% due to the use of heat
pumps. Other end-uses remain at current efficiencies as it is assumed that heat pumps cannot
contribute in any way in the generation of high-quality process heat and steam.
Scenario 5: Surface Transportation Sector
The actions in the surface transportation sector impact all land-based transportation in the model:
personal and commercial light duty vehicles, medium and heavy duty trucks and vans, vocational
vehicles, buses, passenger and freight rail.
In all of these subsectors the alternative scenario implements a very aggressive penetration of electric
vehicle technology. It is assumed that by 2030 all vehicles sold will be electric. As many of the vehicle
types have a life span of 10 to 15 years, this means that there still will be gasoline and diesel vehicles on
the road until sometime after 2040. Nevertheless, the assumption that all vehicle sales by 2030 will be
electric is very aggressive, in particular for the heavy-duty vehicle sector.
Scenario 6: Electricity Generation
The CanESS model does not have a fully developed stock model of rail transportation. In that sector,
energy use is simply modelled through an energy intensity per passenger kilometre or tonne kilometre.
In order to switch fuels (from diesel to electric), the intensity of diesel per passenger km was reduced to
zero by 2030, while the electricity intensity was increased to 37% of the diesel intensity per km, as
according to an EESI study diesel-powered trains transfer about 30-35% of the energy generated by
combustion to the wheels, while supplying electricity directly from an overhead power line transfers
about 95% of the energy to the wheels.
For this scenario, natural gas-based technologies are phased out at the end of their lifetime. The
elimination of coal-based generation by 2030 was included in the Reference Scenario. Thus all fossil
fuel-based electricity generation is eliminated in this scenario.
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As existing capacity is decommissioned, and as demand for electricity increases due to electrification in
the residential, commercial, industrial and transportation sectors, new non-fossil based capacity is
added to meet requirements. For provinces with hydro potential, the new capacity is predominantly
hydro with some solar and wind. For Ontario and New Brunswick, about one third of new capacity is
nuclear and the rest is shared among hydro, wind, and solar.
Scenario 7: Oils Sands Production
The production of bitumen from oil sands by both mining and in situ recovery is phased out by 2050.
Scenario 8: Unconventional Hydrocarbons
The production of natural gas and natural gas liquids from unconventional sources (hydrocarbons from
fracked formations and coal-bed methane) is phased out by 2050.
What is Not Covered in the Scenarios
The results presented in this study are from the production and consumption of energy. They do not
address emissions not related to energy use, such as emissions from agricultural lands, livestock, and
landfills. Likewise, scenarios cannot currently be presented using CanESS that explore reductions in
emissions that could be be made in the agriculture and forestry sectors.

National Findings Overview
Figure 6.1 (below) graphically presents national data on what reductions in GHG emissions from energy
use are possible by imposing each of the eight scenarios described above in sequence. The impact on
GHGs is cumulative, with each added scenario further reducing emissions; all of the curves as one goes
down this graph add to the ones above, thus providing the results for that particular action plus all of
the actions higher on the graph.
Reported emissions are presented for the period 2000 to 2016. Apart from the dip caused by the
recession of 2008, emissions have not changed much during this time period.
The blue line at the top of the graph is the reference scenario. The red line below the blue line shows
the result of adding to the actions in the reference scenario the electrification of demands for energy in
the residential sector as rapidly as is feasible. The green, purple and turquoise lines add the actions
simulated in the commercial, industrial, and transportation sectors respectively. The electrification of
transportation is for transport by road, passenger and freight. This analysis does not yet include
transportation by air or water. The orange line adds the actions associated with the greening of the grid,
and the light blue and pink lines add phasing out the production of oil from sand and unconventional gas
respectively.
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Figure 6.1: Simulated Canadian GHG Emissions to 2060 by Scenario as Modelled Using CanESS. Note that each coloured
line adds to the GHG reductions already simulated in the scenario(s) above it. Actual data are presented through 2016
after which date the values derive from the model simulations.

Observations
An examination of Figure 6.1 reveals that emissions from the energy system have remained remarkably
constant at about 700 megatonnes of carbon dioxide equivalent per year (Mt CO2e/year) for the period
2000 to 2016. Thus, precious little progress has been made over this period.
The actions simulated in these experiments are able to reduce emissions from 700 to 500 Mt CO2e/year
by 2030; they continue to reduce emissions by a further 250 Mt CO2e/year by 2060. If all the simulated
actions were to be taken, the 493 Mt CO2e/year target set for 2030 would be very narrowly missed since
all of the actions allow for a reduction only down to 500 Mt CO2e/year.
In view of the aggressiveness of the actions simulated, the prospect for reaching the 2030 target of 493
Mt CO2e/year, a 30% reduction from 2005 levels, is remote indeed, particularly since little progress was
made in 2017, 2018 or 2019. Reaching the 2050 target of 250 Mt CO2e/year, an 80% reduction from
2005 levels, will be, to say the least, a significant challenge.
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Chapter 7: Simulation Results by Province
Canada’s practical options to reducing GHG emissions 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.
The Pathways Project 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. While the findings for the
Territories, Newfoundland, and PEI are not presented in this report, data are available and the
interested reader may contact the authors for more information. The figures for the period up to
and including 2016 are the annual emissions reported to the United Nations by Canada. From 2017
onwards, the results are a simulation of the feasible. The modellers opted to simulate aggressively
from a large database how technologies could in fact be deployed over periods of decades.
Reading and Interpreting the Provincial Graphs in this Chapter
We examined eight scenarios (as described in Chapter 6) for the emissions produced by each of ten
economic sectors. In presenting the data for each province, we began with the emissions for 2005,
the reference year for the Paris Agreement. The sector with the largest emissions in 2005 was placed
at the top of each of the graphs that follow for that province. Therefore, the order of the economic
sectors in these graphs differs from province to province. It is also important to note that in the
graphs that follow, the Y-axis values differ. For example, the graphs for Alberta have a Y-axis that
runs from 0 to 300 Mt CO2e/year while those for New Brunswick run from 0 to 25 Mt CO2e/year.
Reference Case Graphs
The first graph presented for each province is a reference case: it begins with the actual, reported
emissions from 2000 to 2016, followed by emissions calculated using the plans of governments and
corporations that were known to the analyst in 2019. Again, the economic sectors are presented in
these graphs in order based upon which sectors made the greatest contributions to that particular
province’s GHG emissions. This order therefore differs from province to province.
Electrification Case Graphs (Scenarios 1 Through 6 Combined)
The second graph for each province is 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. The use of fossil fuels to generate electricity is phased out.
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Fossil Fuel Production Phase-Out Graphs (Scenarios 7 and 8 Combined)
For some provinces, a third graph is presented, for example, adding the phase-out of the production
of bitumen from the sands of northern Alberta.

Provincial Findings Overview
There is some good news. New Brunswick and Nova Scotia have already reduced their provincial
emissions by more than the national commitment of 30% as a result of deliberate decisions to close
coal- and oil-fired 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,
which will be, nevertheless, a modest credit in the national context.
Ontario made substantial progress in the same way. The 2008 recession reduced emissions
noticeably, but they picked up again 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 make a percentage reduction.
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. Québec and New Brunswick have the lowest per-capita emissions of the
provinces, at 10 t CO2e/year. Quebec’s total emissions are half those of Ontario and only 30% those
of Alberta. It has committed to reduce its emissions by 37% by 2030. Québec exports substantial
quantities of green hydroelectricity to New Brunswick, Ontario and the United States, thereby
assisting those jurisdictions to reduce their emissions. Under the terms of the UNFCCC, Québec
earns no credit for reductions of emissions in its export markets.
Manitoba is in a similar position to Quebec, with 100% hydroelectricity and no coal-fired generating
stations to close. The 2008 economic recession reduced emissions temporarily, but its economy and
emissions picked up rapidly. Manitoba’s largest emitter is transportation, its second is agriculture,
and the third is the 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 coal-fired 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 gas-fired power stations and the electrification of surface
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transportation, residential heating and cooling, commercial heating and cooling, and industrial
production using-emitting energy sources.
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 the atmosphere is referred to
as a fugitive emission. 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,
which are large in relation to other sources of emissions in this province.
The toughest news laid out in this report is from Alberta, whose emissions in 2016 were 233 Mt
CO2e, one-third of Canada’s total emissions for about 12% of its population. Looked at from outside
the country, Alberta’s emissions on their own are 6 t CO2e/year for each and every Canadian citizen
or 64 t CO2e per citizen of Alberta)3. For comparison, France emits 5 t CO2e/year/citizen.
Large Provincial Differences
The situations of 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 hydraulic power. Ontario, like two Atlantic provinces, got twothirds of the way towards the national target by closing both of its coal-fired generating stations, but
now appears to be stalled.
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 transportation. With plans
known to the analyst, Quebec will barely reduce emissions at all by 2030. If it engaged rapidly in a
massive plan to electrify transportation 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. 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.

7.1: Alberta
The three largest sources of emissions in Alberta in 2005 were the production of oil and gas, fugitive
emissions, and the combustion of fossil fuels to generate electricity. In the reference case, despite
phasing out coal-fired electricity by 2030, emissions continue to rise (Figure 7.1.a).
3

Canada’s total emissions per citizen are 19 t Mt CO2e /year
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Figure 7.1.a: Alberta 2000-2060, Reference Case Simulation.

Alberta produces one-third of the emissions of Canada from electricity made with coal and natural
gas, from the production of conventional oil, and from the production of bitumen from the sands of
Northern Alberta. On its own, Alberta contributes 6 t CO2e/year for each and every citizen of
Canada, higher than the total per person in France. In 2019, Alberta was home to 12% of the
population of Canada.
Alberta is committed to phase out the generation of electricity from coal by 2030, but that will not
get it very far. The reported total emissions by Alberta in 2016 were 233 Mt CO2e/year. The graph
above (Figure 7.1.a) shows that, despite the commitment of the Province of Alberta to phase out its
coal-fired power stations, included in the reference case, emissions will continue to rise, hitting 69%
above the Paris target in 2030.
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Phase out fossil electricity and electrify
In the next graph (Figure 7.1.b), the phasing out of natural gas for the generation of electricity and a
vigorous start to the electrification of transportation, residential, commercial, and industrial sectors
would still leave Alberta well above the national Paris 30% target in 2030 and in the following years.
It would depend on the availability of green electricity, produced in the province or imported from
British Columbia or via a nationwide east-west electrical grid. That would in practice take more than
a decade.
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Figure 7.1.b: Alberta 2000-2060, Simulation Imposing Electrification of Residential, Commercial, Industrial, and
Transportation Sectors.

Phase out oil
The only way to begin approaching the national target in Alberta would be to start phasing out the
production of bitumen from the sands of northern Alberta, which would still leave Alberta 11%
above the 2030 Paris target (Figure 7.1.c). The earliest year by which Alberta could realistically
reduce its emissions by 30% would likely be 2050.
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Figure 7.1.c: Alberta 2000-2060, Simulation Imposing All Scenarios Including the Phase-Out of Oil Sands and
Fossil-Fuel-Fired Electricity.

It is simply not possible for Alberta in practice to reduce its emissions by 30% by 2030. It cannot even
get close in the distant future without beginning to phase out the production of oil and natural gas.
There is a fundamental incompatibility between reducing emissions and producing hydrocarbons.
Given that the province with the highest emissions cannot meet the 2030 national target, the other
provinces are not likely to be able to make up the difference. The prospects for the country as a
whole are dim.

7.2: British Columbia
The transportation sector was the largest source of emissions in British Columbia in 2005. In the
reference case (Figure 7.2.a), 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 by 2026.

30

Reference case
With the plans known to the analyst, British Columbia will emit 65 Mt CO2e/year in 2030, which is
53% above the Paris target of a 30% reduction from 2005 (Figure 7.2.a).
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Figure 7.2.a: British Columbia 2000-2060, Reference Case Simulation.

Electrify
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 (Figure 7.2.b). Simulation of the feasible still leaves BC
emitting 52 Mt CO2e/year in 2030, 22% above Canada’s Paris target of 43 Mt CO2e/year (Figure
7.2.b).
Phase out oil and gas production
The only effective route to hit the target would be reduction of the production of natural gas and the
fugitive emissions that go with it. Starting in 2030 might enable BC to hit the 2030 target in 2035 or
2040 if feasible plans were put in place to secure that option.
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Figure 7.2.b: British Columbia 2000-2060: Simulation Imposing Electrification of Residential, Commercial,
Industrial, and Transportation Sectors.

7.3: Manitoba
The largest source of emissions in Manitoba in 2005 was transportation, followed by agriculture and
the processing industries. Food and beverage processing are 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 fossil-fuelled stations
to close.
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Reference case
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 Agreement in 2015: the trend is going the wrong way (Figure 7.3.a).
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Figure 7.3.a: Manitoba 2000-2060, Reference Case Simulation.

Electrify
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 (Figure 7.3.b).
This is theoretically feasible, but the political and corporate decision-making required and the
logistics of delivering make this an unlikely proposition. A more likely proposition would be for
Manitoba to reduce its emissions by 30% by 2040.
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Figure 7.3.b: Manitoba 2000-2060, Simulation Imposing Electrification of Residential, Commercial, Industrial,
and Transportation Sectors.

7.4: New Brunswick
Reference case
The largest sources of emissions in New Brunswick in 2005 were coal- and oil-fired electrical
generating stations. A provincial decision already taken 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 was accepted by Canada as a country in the Paris Agreement in 2015 (Figure
7.4.a). New Brunswick will go much further when it closes its two remaining coal-fired stations
power stations (a commitment in the Pan Canadian Framework).
Electrify
It could also foster electrification of transportation and residential, commercial, and industrial
demands for energy (Figure 7.4.b)
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Figure 7.4.a: New Brunswick 2000-2060, Reference Case Simulation.
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Figure 7.4.b: New Brunswick 2000-2060, Simulation Imposing Electrification of Residential, Commercial, Industrial,
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7.5: Nova Scotia
The situation for Nova Scotia is similar to that for New Brunswick. Reduction in the use of coal to
generate electricity led to emissions in 2017 that were already 30% below its emissions in 2005, the
reference year. It had already to hit the target adopted for Canada by the federal government in Paris.
When Nova Scotia meets its commitment under the Pan Canadian Accord to close its coal-fired electrical
generating stations, like New Brunswick, it will have substantially exceeded the target adopted for
Canada (Figure 7.5.a, which shows electrification and phase out of fossil-fuel-fired electricity).
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Figure 7.5.a: Nova Scotia 2000-2060, Simulation Imposing Electrification of Residential, Commercial, Industrial,
and Transportation Sectors, and Phase-Out of Fossil-Fuel-Fired Electricity.

7.6: Ontario
Canada’s largest province closed its coal-fired generating stations a decade ago, not to reduce emissions
of carbon dioxide, but to reduce the emission of pollutants that created summertime smog and
respiratory illness in southern Ontario. The reduction in emissions of carbon dioxide was an incidental
benefit. Ontario was able to close its coal-fired power stations because it had fostered energy efficiency,
had begun to refurbish its fleet of nuclear power stations, and had strengthened its links to
hydroelectricity from Québec.
Ontario also exported jobs and pollution from some of its manufacturing industry to Asia. The global
emission of carbon dioxide may have increased slightly from the trans-oceanic transportation of the
goods now purchased from Asia.
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Reference case
The 2008 economic recession clearly reduced emissions in Ontario, which subsequently rose again and
then remained stable. Simulation of known plans (Figure 7.6.a) 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 clearly potential for an aggressive plan to hit the target.
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Figure 7.6.a: Ontario 2000-2060, Reference Case Simulation.

Electrification
In the next graph (Figure 7.6.b), electrification of transportation, and of residential and commercial
buildings is simulated. It would be feasible for Ontario to reduce its emissions by 30% between 2005
and 2030.
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Figure 7.6.b: Ontario 2000-2060, Simulation Imposing Electrification of Residential, Commercial, Industrial, and
Transportation Sectors.

7.7: Québec
Canada’s second largest province is in a more difficult position than provinces that still generate
electricity by burning fossil fuels to reduce emissions by a given percentage. Québec has 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.
Reference case
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 (Figure 7.7.a).
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Figure 7.7.a: Quebec 2000-2060, Reference Case Simulation.

Electrification and phase-out of fossil fuels
To hit the target accepted by Canada in Paris, an aggressive program to electrify transportation and
all other uses of fossil fuels in Québec would be required (Figure 7.7.b).
Québec, along with New Brunswick, has the lowest per-capita emissions of the provinces at 10 t
CO2e/year. Its total emissions are only 30% those of Alberta and half those of Ontario.
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Figure 7.7.b: Quebec 2000-2060, Simulation Imposing Electrification of Residential, Commercial, Industrial,
and Transportation Sectors.

7.8: Saskatchewan
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 inevitable 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 (Figure 7.8.a).
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 30%
above the target for 2030. By 2060, Saskatchewan would still be 30% above the 2030 Paris target.
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Figure 7.8.a: Saskatchewan 2000-2060, Reference Case Simulation.

Electrification and phase-out of fossil-fueled electricity
To get close to the target, Saskatchewan could close its gas-fired electricity stations as well as its
coal-fired stations (Figure 7.8.b). 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 2040.
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Figure 7.8.b: Saskatchewan 2000-2060, Simulation Imposing Electrification of Residential, Commercial, Industrial,
and Transportation Sectors, and Phase-Out of Fossil-Fuel-Fired Electricity.

Commentary Based on Provincial Findings
For these scenarios to be implemented, 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 socioeconomic systems of Canada.
Sound Policy Requires Sound Tools
It is past time for our federal government to figure out what target or targets Canada could in fact hit
and when. Only then should it set milestones and interim targets designed to evolve with
experience, develop policies and programs and negotiate commitments from other parties that
would in fact secure whatever result is sought.
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This report has presented an example of a modeling 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. Delivery would then require
attention to the engineering and economic factors, and to the development, demonstration and
large-scale commercial deployment of promising technologies. It would require a willingness to learn
along the way and to adjust course.
Accountability
Targets for economic performance are routinely set at least once a year and reports are sometimes
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 Agreement 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 re-examine Canada’s options and be willing to learn from
experience at home and abroad.
The Government of Canada does 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.
Per Capita Emissions
The emissions per capita province by province vary by a factor of about seven. Québec and New
Brunswick have the lowest emissions per capita of the provinces, and these are only about 15% of
those of Alberta and Saskatchewan. New Brunswick will go further when it delivers on its
commitment in the Pan Canadian Framework to close its last two coal-fired power stations.
Percentage Reductions
Setting a target for reduction by a percentage was of course the approach taken in the Kyoto Accord
in 1997 through to the 2015 Paris Agreement. Yet what actually matters is the number of molecules
of GHGs that are emitted into the one and only global atmosphere we all share, with consequences
for most living species.
The adoption of a percentage of an existing level of emissions as the criterion probably suited the
rich countries in Kyoto that were able to persuade the developing countries to sign on with financial
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provisions to support their agenda. It may not be feasible on the global scale to challenge this
system, but within Canada governments in Québec, New Brunswick, and Nova Scotia certainly could.
Collaboration
Although not explicit in the 2016 Pan Canadian Framework, it appears that most parties accepted the
federal commitment made in Paris to reduce emissions by 30%. 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, there exist more cost-effective ways than all
adopting the same percentage target.
This is an issue that requires examination of the entire system, not the adoption of the same recipe
for 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. On the other hand, energy carriers routinely cross
jurisdictional boundaries, although not always in the complexity of governmental decision making.
The federal government has a wealth of tools in its toolbox and it is directly responsible for the
international commitments that it has made on behalf of all Canadians.
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Chapter 8: Concluding Messages
Storyline
1. Canadian policy has repeatedly failed to meet emission targets for GHGs and is on track to
continue to do so.
2. Canadian policy is based on the illusion that targets for reductions in GHG emissions set for dates
decades into the future can be met primarily by incentivizing citizens and businesses to take the
actions needed and that such actions can be financed by private investors and commercial
lenders.
3. A new approach is needed, one that engages all stakeholders in committing to biophysically and
technologically coherent pathways with detailed, regular milestones against which progress can
be monitored and policies adapted as need be.
4. Canada will never be able to meet its commitments as long as it continues to produce huge
quantities of oil and gas. It simply does not add up.
5. To support a new approach, there is a need for an arms-length-from-government agency
mandated to collect data and develop exploratory simulation models and make them freely
accessible to all stakeholders.
Repeated Failure
Canada’s public policy on energy and GHG emissions has repeatedly failed to meet the emission
targets to which Canada formally committed under the terms of the United Nations Framework
Convention on Climate Change. Further, it is evident from the simulations performed during the
course of this project that the target for 2030 that Canada accepted in the Paris Agreement in
2015 will be missed. This is despite the fact that our simulations have used very aggressive
technological changes.
Approach
The governments of Canada have continued to use the same approach, based only on
conventional short-term economic and political thinking, and have continued to fail to reduce the
country’s share of GHGs in the global atmosphere during the three decades since it went to
Kyoto in 1997. The government, both then and until very recently, has not grasped the breadth
of the issue nor the requirements to deliver its decision. If Canada wishes to succeed, it has to
understand the practically feasible options.
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If you always do what you've always done, then you'll always get what you've always got.
Ross Dawson
Canada’s current approach as announced in the Pan-Canadian Framework [see note 8.1] has three
foundational elements:
a. A commitment to reach targets for reductions in GHG emissions, set a decade or more in the
future. The target is stated as a percentage reduction from a base year for which emissions
have been calculated.
b. Reliance on the use of economic instruments to encourage energy producers and consumers
to adopt low- or non-emitting technologies and to change behaviour.
c. Reliance on financial markets, given the right price signals, to finance the investments in
buildings, plant and equipment needed to switch from fossil fuels to non-emitting fuels. Of
course, these private sources of capital will have to be repaid with interest.
This is an inadequate foundation for dealing effectively with the acknowledged need to reduce
emissions substantially and rapidly.
Incentive-based policies, such as a carbon tax, do not ensure the high degree of take-up within the
time frames needed to reach the targets. High-income households and powerful corporations may
not respond to incentives because the savings are small relative to income or more lucrative
alternatives for investment take priority; low-income households, small businesses, and local
governments may lack access to the capital needed to take advantage of future savings.
Targets without Pathways
Targets have been set in the absence of understanding of feasible pathways from current highemitting configurations of the energy-producing and -consuming activities to those that would be
low- or non-emitting. Without such understanding, milestones cannot be set and used to assess the
effectiveness of policies and programs in a timely manner. By the time it becomes obvious that
targets will be missed, it is too late to adjust the policy mix to one that could meet a commitment.
Strategic Issue
Canada’s contribution to the burden of GHGs in the global atmosphere is a wicked problem and one
in which we have already delayed action for far too long. To meet our target, Canada must change
its paths of social and economic development. It involves the entire economy, the extraction and
processing of primary resources, manufacturing, commerce, trade, and the behaviour of consumers.
The various sectors make unequal contributions to the burden, a function of the demands made on
them. They are embedded in stocks of plant and equipment, buildings, and consumer goods in
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which substantial investments have been made. There is inevitable inertia. Major changes to
infrastructure take decades rather than years.
A substantial reconfiguration of the processes that produce the goods and services required by an
evolving Canadian population is needed. Furthermore, an effective reconfiguration does not serve
the sole purpose of meeting emissions targets; rather, it must take into consideration aspirations for
prosperity, equity, environmental stewardship, and other factors, all during a period of rapid and
unpredictable technological change.
Canada has to do its fair share globally to reduce emissions.
Tools For The Job
A competent Canadian strategy can be built only by using tools fit for the task. That has not been
the case. Canada’s policy has relied exclusively on tools based on conventional micro- and
macro-economic theory; they have not been fit for purpose. They are both short-term
approaches, totally inadequate to deal competently on their own with the long-term issue of
global heating, which has evolved out of two centuries of science and deployment of
technologies.
Canadians have been leaders in the computer modelling of energy systems in academia, the private
sector, and international organisations. Despite being an early leader, the Government of Canada for
the past two decades has failed to recognize the long-term and systemic nature of the issue of global
heating. It has not used appropriate analytical tools. The approach adopted this in this report is one
example of how to apply such appropriate tools.
Public Good and Necessary Public Engagement
The climate crisis is a collective-action problem addressing the public good. It imposes costs on
future generations that the current set of economic agents⎯households and corporations⎯have no
direct incentive to fix [Carney, 2021]. The resolution of the crisis will require that coordinated and
purposeful actions be taken by most if not all economic agents. To this end, the engagement of all
stakeholders is important, and it is essential that all stakeholders be informed so as to make
decisions based upon sound science.
A new approach to public policy is urgently needed, one that is participatory and adaptive, one that
creates an informed public. Simulation modelling facilitates the engagement of participants in such
an approach.
The CACOR Pathways Project has opened the door to creating a successful approach to policy. The
CanESS model demonstrates the value of exploratory simulation and does indeed balance flows of
energy by taking account of a wide range of technologies. In order to pass through the door,
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however, and actually deliver the results that are implied, a great deal more work is required.
Governments that adopted a broad policy based on this approach would then have to conduct
engineering and economic studies to find their better options for delivering. A gamut of options
could, for example, include negotiation with a neighbouring province to supply green electricity. It
would have to assess such possibilities versus homemade options, such as mini- and micro-grids.
Provincial Considerations
Canada’s practical options can be understood only in the context of vastly different provincial
circumstances.
The Pan-Canadian Framework does not specify how the commitment made for the entire country in
Paris in 2015 is to be met collectively by the individual provinces and territories, other than alluding
to the same percentage target. Some provinces have committed to a reduction by the 30% Paris
target, or more.
With current known plans, the emissions of two large producers of fossil fuels, Alberta and British
Columbia, continue to increase for four decades. The level of emissions and the trends are such that
it would not be possible to counter balance them by reductions of greater than 30% in other
provinces that start from a lower base. It is evident from the analysis reported here that a piecemeal
approach is not going to work.
One simple conclusion that one can draw is that Canada will never be able to meet its commitments
as long as it continues to produce huge quantities of oil and gas. It simply does not add up.
Tasking each province with the same percentage reduction, even if that were possible, would not be
the most cost-effective way to achieve the commitment made by Canada. Reductions in each
province need to be negotiated to secure a competent plan for the entire country of Canada. The
task would no doubt be politically challenging.
Delivering
There needs to be a rules-based approach to policy that guides the behaviour of economic agents in
such a way that their actions are consistent with the goals of mitigating climate change. For
example, instead of providing incentives for the acquisition of non-emitting vehicles, some countries
have mandated that, after a given year (e.g., for Norway in 2025), only new vehicles that are nonemitting can be licensed. Such a rule provides certainty to vehicle manufacturers so that they can
plan what kinds of vehicles to produce. Building codes are another form of rule-based policy.
There may be a need for governments to backstop investments needed for fuel switching in cases
where households or companies cannot afford access to capital markets. For example, low-income
households may not be able to change heating and cooling systems and appliances, or upgrade
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windows and insulation. To the extent that these investments serve the public purpose of reducing
emissions, governments are justified to provide low interest or forgivable loans on a scale to make a
significant difference.
There is a need to establish consensus on biophysically coherent pathways that meet targets for GHG
emissions with milestones along them and to monitor progress against those milestones.
There is a need for a Canadian energy information agency with a mandate to inform public policy on
energy and emissions. It should be at-arms-length from government and be provided with stable
funding for a significant term. It should invest in the development of the exploratory simulation
modeling tools appropriate for delineating biophysically coherent pathways for energy and emissions
within the context of the structure of the Canadian economy. It should make these tools transparent
and freely accessible to all stakeholders. The recently established Canadian Centre for Energy
Information by Statistics Canada and Natural Resources Canada is a step in the right direction as a
provider of energy data collected under the Statistics Act and from administrative records.

___________________________
Note 8.1
In 2016, the federal government along with the governments of the three territories and nine of the
provinces adopted a Pan Canadian Framework on Clean Growth and Climate Change, referred to as the
Framework in this report. Saskatchewan did not sign.
In the Framework, the provinces did not explicitly adopt the Paris target accepted by the
Government of Canada. Pricing carbon pollution is central to this Framework. The provinces did
agree to a basket of measures, for example, the phasing out in four provinces by 2030 of the
combustion of coal to generate electricity.
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Additional Online Resource LInks on Energy and Modeling Programs
Information and Documentation for Energy 2020 may be found here.
Information about CanESS may be found at http://www.whatiftechnologies.com/model-information
An overview of the TIMES (The Integrated MARKAL-EFOM System) model generator upon which the
NATEM was based may be found here: https://iea-etsap.org/index.php/etsap-tools/modelgenerators/times
Information about Navius Research and the GEEMS model may be found here:
https://www.naviusresearch.com/gtech/ Note that Navius has consolidated CIMS, GEEM and a
pipelines model called Oiltrans into a single model called gTech.
The final report of the Trottier Energy Futures Project entitled, Canada’s Challenges and Opportunity:
Transformations for major reductions in GHG emissions, may be found here https://www.caeacg.ca/wp-content/uploads/2013/04/3_TEFP_Final-Report_160425.pdf
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List of Abbreviations
CACOR
CanESS
CER
CGE
CIMS

Canadian Association for the Club of Rome
Canadian Energy System Simulator, developed by whatIf? Technologies Inc
Canada Energy Regulator
Compatible General Equilibrium
Canadian Integrated Modelling System, developed at the Energy and Materials Research
Group of Simon Fraser University
CRA SR&ED Canada Revenue Agency, Scientific Research and Experimental Development Tax program
ECCC
Environment and Climate Change Canada
GHG
Greenhouse Gases
IEA
International Energy Agency
IPCC
Intergovernmental Panel on Climate Change
MARKAL
Market Allocation model developed by the Energy Technology Systems Analysis
Programme (ETSAP) of the International Energy Agency
MtCO2e/year Megatonnes of CO2 equivalent per year
NATEM
North American TIMES Energy Model, developed by ESMIA Consultants
NEB
National Energy Board; became CER
NSERC
Natural Sciences and Engineering Research Council of Canada
SSHRC
Social Science and Humanities Research Council of Canada
TIMES
The Integrated MARKAL-EFOM System developed by the Energy Technology Systems
Analysis Programme (ETSAP) of the International Energy Agency
UNEP
United Nations Environmental Program
UNFCC
United Nations Framework Convention on Climate Change
WMO
World Meteorological Organization
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