Canada – Meeting Our Climate Change Goal.
In 2005, the government of Canada signed on to the Kyoto Protocol and agreed to limit Greenhouse Gas (GHG’s) emissions to an average of 6% below the 1990 level over the 2008 -2012 period. In 2011 as emissions continued to increase, Canada was the first country in the world to withdraw from the agreement rather than face the financial penalty associated with failing to make that modest reduction. Instead at the 2009 climate conference in Copenhagen, the Harper government announced new, less stringent, goals of 17% below 2005 emissions by 2020, 30% below 2005 by 2030 and 80% below 2005 by 2050 (emissions in 2005 were 20% higher than those in 1990). Despite loudly criticizing these goals in 2009 as inadequate, when the Trudeau government attended the 2016 Climate conference in Paris, it adopted the very same 2030 goal as its own. Between 2005 and today, total Canadian GHG emissions have remained virtually the same, while reductions have been made in some provinces, others have increased emissions. So just how ready is Canada to meet its goals and its international obligations to reduce emissions?
Despite the promises made by nations in 2016 at the Paris Climate Change Conference, global emissions of both overall GHG’s and of CO2 are forecast to have increased yet again in 2017 taking us even closer to exceeding the international goal of keeping the average global temperature from increasing by more than 2 degrees Celsius (2o C) above pre-industrial levels by the end of this century. 

Graph 1. Global GHG emissions by Type.
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Data source http://edgar.jrc.ec.europa.eu/overview.php?v=CO2andGHG1970-2016

Meeting the Goal
In 1992, the United Nations Framework Convention on Climate Change (UNFCCC) agreed that the objective of global climate policy should be to stabilise human impact on the climate below the level at which it can be considered “dangerous.” The most widely accepted threshold is 2o C of warming relative to pre-industrial times (some scientists have subsequently argued that the limit should be set at only 1.5 o C) Nations at the COP 21
 Paris conference in 2016 agreed that the aim would be to keep the global temperature increase this century well below 2o C (above pre-industrial levels) and to pursue efforts to limit the temperature increase even further to 1.5o C.
In its 5th report, the Intergovernmental Panel on Climate Change (IPCC) included a calculation of how much carbon we can emit and still have a reasonable chance of keeping the average global temperature increase below 1.5o C or 2o C. It calls this amount a “carbon budget” and defines it as the upper limit on total human emissions to the atmosphere, measured from the beginning of the industrial revolution until the day we stop burning carbon. One purpose for providing this carbon budget was to provide policy makers with a guide to the maximum quantities of fossil fuels that we can consume while meeting our temperature target. To stick to the budget, any fossil fuels that would take us over-budget will either have to be left in the ground, or the emissions must be captured and sequestered before or after entering the atmosphere
. 

This budget was calculated using the “transient climate response to carbon emissions,” which forecasts the change in average global surface temperature for a given amount of carbon dioxide in the atmosphere. The calculation takes into account the emissions that will be absorbed by the oceans or taken up by the biosphere and the feedback processes that amplify or reduce the warming we see in the atmosphere. These mechanisms are complex and introduce uncertainties to the calculation so the carbon budget is expressed as a set of probabilities of staying below a certain temperature increase.  
After allowing for the warming impact of the other greenhouse gases (GHG’s)
 and assuming that similar constraints would be applied to the emission of those GHG’s, the IPCC provided policy makers with the following budgets which represent the cumulative quantity of carbon that can be burned or released since the base year of 1860
:

· To remain below 2 o C with a probability of 66%, no more than 790 G
tonnes
· To remain below 2 o C with a probability of 50%, no more than 820 Gtonnes
· To remain below 2 o C with a probability of 33%, no more than 900 Gtonnes
In addition the IPCC identified the quantity of carbon emitted to the atmosphere prior to Dec 2011 as 515 G tonnes and, after adjusting for average emissions of 10 Gt/year for the period 2012-17, we are left with the following budgets remaining at the end of 2017:

· To remain below 2 o C with a probability of 66%, no more than 215 Gt Carbon = 787 Gt CO2

· To remain below 2 o C with a probability of 50%, no more than 245 Gt Carbon = 897 Gt CO2
· To remain below 2 o C with a probability of 33%, no more than 325Gt Carbon = 1,190 Gt CO2
In other words, we are already about 70% of the way to causing a 2 o C increase in average temperatures. At the current rate of emissions, we will exceed these budgets in less than 22 years (66% chance), 25 years (50%chance) and 33 years (33% chance), assuming no further growth in emissions and ocean and bio-sphere uptakes continue at the current rate.

According to the 2017 BP Statistical Review of World Energy, we presently have the following “proven” reserves
 of fossil fuels
:

Oil : 1,707 billion barrels, which if burned would emit about 700 Gt of CO2
Gas : 6,589 trillion cubic feet, which if burned would emit about 400 Gt of CO2
Coal : 1,139,331 million tonnes which if burned would emit about 3,100 Gt of CO2
In total, and without further exploration, we already have access to fossil fuels which, if burned, would emit a total of about 4,200 Gt of CO2 (more than 5 times what we can release while aiming for 66% certainty of remaining below 2 o C). Even if we immediately stopped burning any coal (coal presently provides about 30% of our global energy needs), we would still be unable to burn all of the proven reserves of oil and gas without a greater than 50% risk of an increase in average global temperature above the 2 o C target. Without large scale sequestration technology or some method of removing CO2 from the atmosphere, any solution which keeps warming below 2o C will result in substantial quantities of known proven reserves of fossil fuels remaining unburnt. However, gas, oil or even coal could still be used as chemical feedstocks to produce products that do not release the carbon into the atmosphere (e.g. carbon fibres, etc.), provided the processes to produce those products are driven by zero/low carbon energy.
The Current Situation
There is compelling evidence that the planet is warming due to human activity.  Satellite and terrestrial measurements indicate the earth’s temperature, as a global average, has already increased by almost 1o C since 1860.  The IPCC, summarizing the work of climate scientists from around the world, has concluded that, because CO2 stays in the atmosphere for hundreds of years and it takes up to a century to reach a new temperature equilibrium, our historical emissions have already locked in an average temperature increase of around 1.3 o C.  That 1.3o C is out of the maximum 1.5o C or 2o C target.  The IPCC is expected to issue a revised 1.5o C carbon budget shortly, but based on the previous estimates, at the current rate of emissions, we will exceed the 66% 1.5o C budget by 2021 and the 50% 1.5o C budget by 2024. It is therefore a virtual certainty that we will exceed those budgets. However, if we reduce our GHG emissions, we can still limit or mitigate any future temperature rise.  In other words, scientists think that we still have time to control future temperature rise if we take immediate action to reduce GHG emissions. 
However, if global temperatures rise to a “tipping point,” positive feedbacks could result in uncontrollable increases in temperature.  An example of a positive feedback is melting of the permafrost which would release massive amounts of methane into the atmosphere.  Methane is far more potent a GHG than is CO2 and would cause further increases in global temperatures irrespective of whether or not we reduce our emissions.  Another example involves melting of the polar ice sheets.  Since they are white, these ice sheets reflect enormous amounts of energy back into space.  But as they melt and their area is reduced, the white reflective surface is converted to open ocean which is dark and absorbs solar energy, uncontrollably adding to global temperature rise.  Once lost, we cannot recreate the ice sheets.
There is a general acceptance that remaining below a 2o C increase will likely keep us below the tipping point beyond which we would lose our ability to mitigate further temperature increases leading to uncontrolled climate change
. However, some scientists are now warning that an increase of 2o C may be too great and that in order to avoid major environmental damage we should regard that target as a maximum. The greater the increase in temperature we cause, the greater our risk.
The Path Forward
Instead of addressing this issue when scientists first raised the alarm over 40 years ago
, the world has actually seen a significant growth in emissions since that time, and specifically in this century.  In fact, the impact of increasing the CO2 concentration in the atmosphere was first estimated as long ago as 1896
.  That estimate was remarkably close to predictions generated by today’s scientists and their supercomputers. 

As a result, action now is all the more urgent, requiring us to reduce emissions by over 80% by 2050 with supporting targets along the way (Note: the emission reduction targets set by nations in Paris are insufficient to achieve the stated goal, and will require further refinement). Although 33 years may sound like a long time, we cannot underestimate the pace at which we will need to make change or the extent of the necessary transformation.
Even if we could start today and reduce global emissions by 1Gt/y CO2 until 2050, we would barely avoid exceeding the 2o C 66% certainty carbon budget. Clearly we do not have the luxury of postponing action any further; neither can we permit those with vested interests from delaying us further. Many of the proposals put forward by politicians today would have made wonderful “first steps” if implemented 20 or 30 years ago, but are sadly inadequate today. We need much more if we are to avoid dangerous changes to our climate. 
Graph 2. Global GHG Emissions, Historical and Target.
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Data source http://edgar.jrc.ec.europa.eu/overview.php?v=CO2andGHG1970-2016, and IPCC Carbon Budgets.
A global reduction of the order shown above, starting in 2018, would just fall within the IPCC’s carbon budget. It would require us to reach a net zero emission goal in 2032, 2060 or 2066. Something that we are unlikely to be able to achieve without new technologies and a massive investment in atmospheric scrubbing to remove CO2. While the target may be daunting, the greater the margin by which we miss the target, the more severe the consequences will be.

While we need to work on reducing all sources of GHG emissions in parallel, there are one or two 900 lb gorillas in the room. The first and largest of these is our insatiable appetite for fossil fuels. The burning of natural gas, oil and coal account for about 95% (about 87% if deforestation is included) of reported CO2 emissions, and almost 75% of total GHG emissions. Therefore the elimination of fossil fuel combustion must form the backbone of any plan to meet our stated emission reduction targets.
A second gorilla, though perhaps not 900 lbs., is the emissions associated with meat, specifically beef, production. While the government may recognize the problem, it has no desire to take on the agricultural lobby, so instead of actively seeking solutions it is barely acknowledging the issue.  In 2006, the United Nations reported that rearing cattle generates more global warming greenhouse gases, as measured in CO2 equivalent, than global transportation. Reduced consumption, smarter production methods, including improved animal diets to reduce enteric fermentation and consequent methane emissions, are all urgently needed.

Why Do We Have to Do Anything?
The question usually goes something like this “Canada is less than 2% of the problem, and the oil sands are less than 0.2% of the problem, what we do won’t make any difference so why should we bother?” If we followed that logic 186 of the world’s 195 countries would also get a free pass as they all emit less than Canada and only 8 countries would need to reduce emissions. The question, of course, is the same one we answer every time we decide not to litter, to donate a small amount to charity, to compliment someone, to vote and even to take up arms for our country if need be. The answer is because we all share the responsibility and together we do make a difference.

Canada’s Challenge

Graph 3. Canadian GHG Emissions and Targets.
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Data from http://edgar.jrc.ec.europa.eu/overview.php?v=CO2andGHG1970-2016, BP Statistical Review of World Energy 2017
and IPCC emission factors.
Clearly Canada will miss its 2020 target by a wide margin, but its 2030 and 2050 targets are still achievable if it commits to a rate of emissions reductions equivalent to that required globally to meet the IPCC carbon budgets. However, both the federal and provincial programs announced to date are nowhere near adequate to achieve the necessary reductions. 

The situation in Canada becomes a lot clearer when we identify the major sources of emissions, specifically when we look at emissions from fossil fuels. Despite clear evidence over several decades that fossil fuel consumption would need to be reduced and ultimately effectively eliminated, some provinces refused to accept the inevitable and failed to take any action. Where coal-firing could have been eliminated decades ago, some provinces continue to rely on coal for producing electricity. Alberta even took it to the extreme by continuing to build new coal-fired generation as recently as 2011 (Keephills 3). It is now faced with the economic cost of either shutting the plants down prior to the federal government’s mandated 2030 target date, or converting them to cleaner burning natural gas, but with a lower efficiency than if they had been originally designed to burn natural gas. 
While coal firing may be the most obvious target for reduction, oil consumption is by far the greatest driver of Canadian GHG emissions (40%). In 2015, emissions from the oil sands alone made up just under 10% of Canada’s total GHG emissions. We need to transition away from all fossil fuels by around 2040-2050, replacing that energy with low/no carbon sources.

What about the Economy?

Despite past efforts to move Canada’s economy away from natural resources towards more value added manufactured goods and services, a substantial part of our economy still depends on international demand for resources including oil. This has led some people to believe that our economic future is tied to oil and gas extraction. This is particularly the case in those parts of the country most dependent on oil and gas, where they continue to dream of higher prices and increased demand into the second half of the century.

While outright denial of the problem is now giving way to an acknowledgement that something needs to be done, certain governments, oil companies and pundits seem to be unable to reconcile the radical reductions in emissions that we need to make. While paying lip service to Canadian and international targets they are collectively acting as if it is business as usual with just a few modest reductions to be made over the next few decades. Oil and gas companies are continuing to explore for new deposits that we will be unable to burn and to push for new pipelines that are incompatible with our emissions target based future demand projections, and which will therefore be uneconomic. 

In fact the entire economic model of oil and gas extraction in Canada requires a review. While the jobs and royalty payments are always touted as the benefits of this industry, decades of giving way to oil company demands for lower royalties, environmental standards, and fewer restrictions on development, have left Alberta and Saskatchewan with huge environmental liabilities and limited resources to deal with them.
A recent report by the Pembina Institute
 estimated the current liability of the oil sands tailing ponds at $27 billion with a forecast of continued growth, while only around $1 billion had been collected from the companies to cover the cost of rehabilitation. In addition, a recent C.D. Howe report
 identified a potential liability of $8.6 billion to complete the remediation of 155,000 non-productive oil and gas wells in the province. With the drop in oil prices, some developers have gone into receivership and others have grossly underfunded their closure and remediation liabilities, potentially leaving Albertans at risk. 
According to Danny Harvey and 

 HYPERLINK "http://policyoptions.irpp.org/?post_type=authors&p=57790" Lika Miao in an article in the Jan 2nd, 2018 edition of Policy Options
:- “Overall, oil sands operations do not represent as large a fraction of the Canadian economy and even of the Alberta economy as one might think: the direct contribution of the entire oil, gas and mining sector to Alberta’s 2016 GDP was 16.4 percent, of which oil sands mining and processing was likely about one-third (or 5 to 6 percent of total provincial GDP). Oil sands royalties accounted for only $1.2 billion out of $42.5 billion of provincial revenue in 2015-16 (2.9 percent of the total), and oil sands oil production is estimated to account for only 2 percent of Canadian GDP.”
While oil sands emissions totalled about 70 Mt in 2016, Alberta’s emissions “reduction plan” actually permits those emissions to increase in coming years to a maximum of 100 Mt/year. The unspoken argument apparently being that oil sands emissions are so economically important to Canada that other provinces will reduce their emissions even further to meet Canada’s emission targets while Alberta increases its emissions. In fact, based on the above numbers, in 2015 the oil sands generated over 3,500 tonnes of GHG emissions for every $ million of Gross Domestic Product (GDP) generated. To put it another way, a carbon tax of $280/tonne CO2 would have totally offset all the economic benefit derived from the oil sands. However, the goal now is to continue growing the economy while reducing emissions. The continued use of coal to generate electricity and of oil and gas extraction by some provinces can be clearly seen on the following graph comparing provincial GDP per tonne of emissions. While such a graph identifies areas of concern, we need to take national and international responsibility for our emissions. 
While some organizations like the International Energy Agency continue to forecast increasing consumption for a decade or two and continuing consumption into the second half of the century, if the world is to meet its international target, then oil consumption has to decrease dramatically over the next 10 – 20 years. It makes no economic sense to spend billions of dollars on finding new deposits or building new pipelines (which require at least a 20 year payback), when the real goal is to replace oil with low carbon alternatives.
Graph 4. Tonnes of GHG Emissions for each $1 million of GDP (lower is better)
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Data: https://www.ec.gc.ca/indicateurs-indicators/default.asp?lang=en&n=18F3BB9C-1 and 
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With the forecast global reduction in demand for oil and the emissions associated with the oil sands we have to recognise that it is not a viable activity in the long term. However, we also have to recognise that we all share in the responsibility for transitioning economies away from high emission activities towards sustainable ones.

However, we must also recognise that a product produced in a different part of the country or even in another country carries with it the emissions that were generated by its manufacture or its growth. It is not sufficient to export the manufacture of a product and then claim credit for the reduction in domestic emissions. While pursuing provincial or national targets, we must maintain an international perspective on emissions. In a carbon constrained world, we need to transition our global and national economies away from high emission goods towards those that meet human needs while generating high economic benefit with minimal emissions. 

Can we Achieve the Goal?

In many respects this is an irrelevant question. Whether we finally manage to limit warming to 1.5o C or 2o C or not, the fact is that the smaller the increase in average temperature, the better our chances of avoiding a climate catastrophe. We have no option but to try, and to try our very hardest because the consequences for humanity and the species that currently share this planet with us are too momentous for us to fail. 

However, there is hope. While new processes and practices need to be found for agriculture, forestry, cement manufacturing, etc. the single largest target is to eliminate fossil fuel burning, and that path is becoming clearer. About 95% of current fossil fuels extracted are burned. The remainder go into products like plastics where the carbon is safely locked away for decades, if not centuries. Those fossil fuels are used to generate electricity, heat buildings and fuel transportation, including shipping and aviation. 

Billions of dollars are being invested in new technologies that have the ability to transform our lives. The cost of solar and wind electricity generation together with energy storage (primarily batteries) has tumbled to the point where it can compete directly against new fossil generation in many locations. No one can guarantee where these or other new technologies may lead us but we have to look forward towards a low carbon future and a liveable world. We have already allowed those with vested interests in the status quo to delay us for too long, and rather than invest our limited wealth and resources in a declining industry, we have to invest for the future. Almost everything the oil industry has done so far has been designed to undermine confidence in the scientific evidence for global warming and to delay action. We cannot permit them to continue to dictate the agenda any longer. They do not share the same goals as us.
Our planet is not under threat as it has already gone through many changes in climate over its history. It is humanity and present day species that will suffer the consequences if we fail. What we need now is a comprehensive plan, outlining how we can work to develop and utilize the emerging technologies to meet our emission targets while meeting human needs and maintaining a healthy economy, but so far neither the federal government nor any of the provincial or territorial governments has come close to that. Meeting our target is going to be disruptive, it is going to upset those who do not want to change and those who see their continuing economic benefit as being linked to fossil fuel consumption, but we have very little time left to make the kind of changes we need. This isn’t the time to be part of the silent majority, this is the time to be part of the active majority, to speak out, to ask the difficult questions, to challenge the fossil fuel companies and the politicians. It is time for all of us to educate ourselves, to educate each other and then to act, in our communities, in our towns and cities, in our provinces and territories and to make Canada an example to the world. Our children and grandchildren will thank us for it.
Peter Smith Mar. 2018
Petersmith777@bell.net

Appendix
For those who may wish to do their own calculation of human impact on the atmosphere, I offer the following data.
Mass of our atmosphere 




= 5,148,000,000 Mega tonnes (Mt)

Concentration of CO2 (Dec 2016) in our atmosphere

= ~ 405ppm(v
)

Mass of CO2 in our atmosphere




= 3,163,000 Mt CO2
Pre-Industrial concentration of CO2 in the atmosphere (before 1860) = ~ 280ppm(v)

Mass of CO2 added to atmosphere since industrialization 
~ 976,000 Mt

Mass of Carbon added to atmosphere since industrialization 
~ 267,000 Mt

2016 global emissions of CO2 from fossil fuels and industry
~ 36,400 Mt

2016 global annual emissions of CO2 from deforestation 
etc.
~ 4,800 Mt

Total anthropogenic global annual emissions of CO2

~ 41,000 Mt

Note. Approximately 45% of CO2 emissions remain in the atmosphere, while the rest are absorbed by the ocean (where they caused acidification
, up 30% since industrialization) and the biosphere. 

2016 total global annual contribution to atmospheric CO2
~ 18,500 Mt

2016 actual (NOAA) annual increase in CO2 concentration 
~ 2.6 ppm(v)

Physical Constants.
Molecular weight of dry air = 29

Molecular weight of CO2 = 44

3.66t CO2 = 1t Carbon

Peter Smith Jul. 2017
Petersmith777@bell.net

� COP 21 is the 21st yearly session of the “Conference Of the Parties” to the 1992 United Nations Framework Convention on Climate Change  (UNFCCC)


� While combustion of fossil fuels is responsible for the bulk of CO2 emissions, some industrial processes, such as cement production, also result in CO2 emissions. Some of these sources of emissions may be very difficult to reduce, putting even more pressure on reducing fossil fuel consumption in order to achieve the desired emission reduction.


� CO2 is not the only gas that affects global temperatures.  Other gases, notably methane (natural gas); ozone; nitrous oxide; � HYPERLINK "https://en.wikipedia.org/wiki/Chlorofluorocarbon" \o "Chlorofluorocarbon" �chlorofluorocarbons� and others, are currently responsible for about 25% of anthropogenic (human caused) warming.  These gases have higher warming potential (radiative power) than CO2 but are at much lower concentrations in our atmosphere.  To account for these and other greenhouse gases you will sometimes see emissions expressed as CO2e which is CO2 equivalent and includes the other greenhouse gases.  Numbers expressed here are CO2e.


� IPCC 5th Report ar5 page 27.


� Gtonne refers to giga tonne.  One Gtonne (Gt) = 1,000,000,000 tonnes, or 1 billion tonnes


� Emissions to the atmosphere are usually measured in tonnes of carbon, as the oxygen required to make CO2 is already in the atmosphere. However, we often find it more convenient to talk in terms of tonnes CO2. 1 t of Carbon makes 3.66 t of CO2. To avoid confusion the reader should always check to see if emissions are expressed in tonnes of carbon or of carbon dioxide.


� These budget quantities define the maximum quantities that can be released into the atmosphere assuming that the ocean and biosphere will continue to absorb CO2 at the forecast rate with accompanying impacts associated with ocean acidification. These will result in final atmospheric concentrations of approximately 450 parts per million (ppm), 456 ppm and 475 ppm respectively. All atmospheric concentration amounts are reported as ppm by volume.


� Note: Estimates of total fossil fuel Resources are significantly higher than proven Reserves.


� BP Statistical Review of World Energy 2017


� There are discussions about removing carbon from the atmosphere and sequestering that carbon, or geo-engineering options such as adding aerosols to the upper atmosphere.  However these options are currently not developed and bring their own environmental and social risks as well as intergovernmental political challenges that would be more difficult to resolve than reducing our GHG emissions.


� In 1976 the US Government was warned about potential impacts of anthropogenic climate change during Congressional hearings into Climate Change.   


� In 1896 a Swedish scientist, Svante Arrhenius, published a paper quantifying the effect of CO2 on global temperatures. Strikingly, he decided to estimate the impact of doubling atmospheric CO2 and determined that global average temperatures would increase by about 4o C as a result. His pencil and paper calculation is remarkably consistent with today’s highly complex model forecasts.


� It should be noted that reported GHG emissions by each nation typically do not include, or underestimate, emissions from shipping, aviation, deforestation, fugitive emissions (leaks), land use changes, agriculture, etc. Deforestation alone is estimated to generate 8 – 9% of all CO2 emissions, international shipping is estimated at 600Mt/year and aviation is a further 500Mt/year.


� UN Food and Agriculture Organization (FAO) report, � HYPERLINK "http://www.virtualcentre.org/en/library/key_pub/longshad/A0701E00.htm" �Livestock’s Long Shadow–Environmental Issues and Options�,


� http://www.pembina.org/media-release/alberta-government-continues-its-mismanagement-of-fluid-tailings-approval-of-cnrl-s


� https://www.cdhowe.org/sites/default/files/attachments/research_papers/mixed/Commentary_%20492_0.pdf


� http://policyoptions.irpp.org/magazines/january-2018/how-the-oil-sands-make-our-ghg-targets-unachievable/


� ppm (V)  - parts per million on a volume basis (ratio number of molecules). Source NOAA.


� CO2 forms carbonic acid when dissolved in water





