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 Lakes created by open pit mines are a relatively recent phenomenon, due to the evolving 
ability to excavate large amounts of geologic material, leaving large voids.  It has only been in 
the last 70 or so years that large pits have been formed, and only in the last 30 years that pit lakes 
have become a concern.  Initially, the concern was with hard rock mines, and in some cases 
large-scale surface coal mining.   One of the first large pit lakes with serious water contamination 
in the U.S. was the Berkeley Pit in Butte, Montana (Davis and Ashenberg, 1989).  Following 
cessation of copper mining, this lake began forming in the late 1970’s, when it became a highly 
acidic and metal laden lake, and now represents a costly management problem to pump and treat 
that water to prevent it from intercepting the drinking water aquifer.  Pit lakes from hard rock 
mining have varying water quality (Miller, et al., 1996) with some containing fisheries, while 
others containing seriously degraded water, for which almost all beneficial uses have been 
eliminated.   

 In recent years large-scale recovery of bitumen from oil sands has occurred, and requires 
very large-scale excavations, for which technology has not been available in previous times.   
These very large excavations exist primarily in northern Alberta, in the Athabasca boreal forest.   
For most of these mining operations, terminal pit lakes are being proposed.  Effectively none of 
this type of pit lakes has yet been established, although over 25 pit lakes are now proposed, due 
to ongoing oil sands oil recovery.  Thus, while some information is available on related 
impoundments, the creation of these end pit lakes (EPL’s) and their use as an oilsands tailings 
reclamation tool is a grand experiment that has potentially irreversible consequences.   

In arid regions, many hard rock mining pit lakes have formed, as groundwater tables 
recover following mining and cessation of groundwater pumping to lower the regional 
groundwater table.  As groundwater flows into the pits, it interacts with surfaces exposed to 
oxygen during mining and can dissolve metals, acid and salts that are soluble.  Depending on the 
geologic formation, the pit lake can become highly acidic with a variety of dissolve metals.  Or, 
it can mobilize salts and result in a pit lake with high salt loads (1-5 parts per thousand, ppth), 
even though it may be neutral.  The eventual water quality will depend on a variety of 
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characteristics, including the geochemistry of the surrounding rock, the groundwater quality, and 
whether the pit lake is a flow through system, either flowing out of the pit lake via groundwater 
or a surface expression, if the pit lake overflows.  While metal pit lakes have distinct differences 
from oil sands EPL’s, what is common between the two examples is that hydrologic and 
geochemical models have been utilized to predict eventual water quality.   In the 1990’s efforts 
were made to predict water quality in the pit lakes using these models, and now those pit lakes 
are filling.  The models mostly predicted good water quality, but rarely was this observed.   
Predictions of water quality were made several decades ahead with three or four significant 
figures of concentrations of contaminants that would be present in the pit lakes.  Few, if any, of 
these predictions were correct for the large pit lakes and most were entirely inaccurate 
(sometimes by an order of magnitude) but gave a false sense of security that these models were 
sufficient to predict water quality in these hard rock terminal pit lakes (Kuipers and Maest, 
2006).  

This example is provided not to necessarily criticize the modeling efforts on the oil sands 
modeling efforts, but it should be viewed as a warning that the modeling efforts of oil sands pit 
lakes do not represent data- they are simply best guesses of what will exist in these grand 
experiments that are presently being undertaken without any real data, since no large oil sands 
terminal pit lakes are available to validate or effectively calibrate the hydrologic and 
geochemical models used.  While it is not possible to evaluate the likelihood of success of the 
predictions, regulators, the industry and the public should be prepared for the possibility that 
these models may not be good representations of the eventual impacts from these terminal pit 
lakes.  Other regulatory mechanisms should be considered for management of terminal pit lake 
water quality, including the establishment of enforceable standards for water quality in receiving 
water as well as discharge water from the pit lakes, and even standards for the pit lakes 
themselves.  If those standards are not met, other methods should be required to treat the water 
so that the receiving ecosystem is protected.  With the recent and extensive development of oil 
sands deposits, particularly in northern Alberta, EPLs will require extensive analysis and 
management over the decades (and perhaps centuries) into the future.   

1.  The End Pit Lake proposed for the Jackpine Mine  
 

According to the 2012 Project update, the Jackpine expansion is proposing the addition of the 
Northeast and Northwest pit lake systems.  These EPLs will be generally located at the lowest 
point of the mined area, and receive contaminated water from the very large tonnage of tailings 
above the elevation of the EPLs.  Ultimately, approximately seven water bodies, all containing 
mature fine tailings will be established at the mine, with water depth varying from 11 meters to 
44 meters (Closure Drainage Plan for the JPM Expansion, May 2008, p. 21).  Each of the EPLs 
are adjacent to engineered tailings disposal cells in the excavated pits, and the tailings will 
contain large amount of contaminants of concern (COC’s) that are present when the tailings were 
generated.  These tailings will ultimately be washed with meteoric water (snow melt and rain) 
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and flow laterally and downward, in substantial part to the pit lakes.  The mass and rate of 
drainage of water through the tailings is very difficult to estimate, although the time frame for 
rinsing of soluble COC’s from the tailings into the EPLs will be on the order of decades to 
centuries.  Thus, the initial water quality in the EPLs, affected primarily from the tailings and 
process water deposited into the EPLs is likely to be overwhelmed by the drainage through the 
tailings over the very long term.  This continual source of contaminated water is poorly 
considered in the EIA documents, and will very likely be the dominant factor of water quality in 
the EPLs for the foreseeable future. 
 

2. Problematic water quality constituents. 
 

 As discussed in the EIA and other publications (e.g. Jordaan, 2012; Allen, 2008), the 
contaminants of concern include naphthenic acids, PAH and other hydrocarbons, salts, ammonia 
and a variety of metals.  Of these, the naphthenic acids, a complicated mixture of aromatic 
carboxylic acids, is considered to account for the largest contribution to the aquatic toxicity of 
the water in the EPLs.  However, each of the contaminants has the potential to affect biota, 
depending on the species being examined and the concentrations that are present in the water.   
The naphthenic acids are a sufficiently complex group of chemicals, that the specific compounds 
that carry the highest toxicity percentage are not well known, and grouping these as a single 
toxic component has serious limitations.  Thus, as they are released from tailings, estimates of 
the longevity of their toxicity in the EPLs are compromised by the lack of understanding of how 
the transformation affects the toxicity of the remaining compounds.   
 
The primary problem with the estimates of water quality modeling is the extreme difficulty in 
predicting the amount and quality of drainage water coming into the pit lakes.  The tailings 
immediately adjacent to the pit lakes will contain large amounts of soluble substances, and will 
be commonly upgradient to the pit lakes.  Seven pit lakes were mentioned in the original EIA for 
the Jackpine Mine, including the West, West Central, North, (another) North, South, South 
Central and an unnamed additional pit lake in the south.  The elevations are listed for each of the 
lakes, and it is noteworthy that these pit lakes are as much as 50 m below the adjacent tailings 
disposal areas.  Thus, a hydrologic gradient will exist from the nearby tailings areas to the pit 
lakes and contaminated water will to migrate from the tailings to the pit lakes.  Meteoric water 
(snow and rain) will drain through the tailings and at least a portion of that water will drain into 
the EPLs.     
 
Both the hydrologic and geochemical modeling is sufficiently complex that predictions of pit 
lake water quality are merely educated guesses.  In particular the naphthenic acid mixtures 
contain a large number of compounds, with differing sorption factors, and prediction of their 
mobility is particularly challenging.  But in the tailings, due to the presence of residual bitumen, 
the oxygen concentrations are likely to be low, and consequently the biodegradation of the 
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naphthenic acids will be very limited, and tailings will be a source of this high toxicity mixture 
as the tailings are rinsed with rain and snow melt.   
 
In the absence of any real data, the water quality in the pit lakes remains an open question.   It is 
entirely possible, even probable, that the concentrations of the water soluble contaminants in the 
pit lake could far exceed the concentrations discussed in the EIA.  
 
The source of tailings-affected water into the pit lakes will come from lateral drainage from the 
large amount of adjacent tailings.   This is in addition to the contaminated water that will be 
discharged directly into the EPLs during the latter stages of the mine operation.   As discussed 
previously, the EPLs will generally be at lower elevation than the tailings facilities, and at least a 
portion of the drainage from the tailings will be released into the EPLs, and provide a source of 
highly contaminated water over the long term.  Thus, the notion that the water will cleanse itself 
in a relatively short period by allowing the EPLs to serve as bioreactors is unlikely, since a 
continual source of contaminated water will drain into the EPLs for many decades as the tailings 
are rinsed with meteoric water.  This is in addition to the contaminated water that will be 
discharged directly into the pit lakes during the latter stages of the mine operation.   This initial 
contamination source, by itself, remains a substantial concern, and while many of the organic 
compounds (e.g. naphthenic acids) may be metabolized over several years, the salts and metals 
will remain and be discharged to receiving waters as the EPL fills.   
 
The mixing characteristics of the pit lakes were discussed in some detail in the Golder study (Pit 
Lake Modeling Phase II, July 2007).  Except for very deep pit lakes, complete mixing should be 
assumed, and reliance on establishment of a meromictic lake to limit poor quality water from 
discharging is unlikely to be successful.  While one can argue that the modeling of the total load 
of contaminants to the pit lakes is uncertain, the science of predicting mixing of lakes is 
generally reliable.  The Golder Study also promoted a goal of maintaining oxygenated conditions 
throughout the water column to encourage biodegradation of organics.  But, this study also noted 
that long periods of time would be required to eliminate the toxic organic constituents.  
However, even if the organics are largely metabolized, the salts and soluble metals will remain.  
 
If EPLs become meromictic, even temporarily, the bottom portion of the lakes and sediments are 
likely to become anaerobic, producing hydrogen sulfide, carbon dioxide and methane (Schultze 
and Boehre, 2009). 	  If and when turnover occurs, the sudden release of these constituents could, 
at the least, damage whatever biologic system that had evolved in the EPL.  
 
Thus, serious questions remain as to seepage rates, total load of contaminants continually being 
released into the EPLs and discharge of contaminated water into the receiving waters.  Again, 
with only modeling results to base water quality decisions, use of pit lakes to dilute/treat EPL 
water is a grand experiment that may well prove to be a disaster to receiving waters.   
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3. Discharge of water from the Jackpine Mine end pit lakes into receiving water.   

 
The EIA recognizes that water will be discharged into Muskeg Creek, but argues that the 
modeled contaminant load will be low and not seriously affect water quality in Muskeg Creek 
(EIA update, May 2008).  It does recognize that increases in each of the contaminants in Muskeg 
Creek will be increased (Table 2.6-14).  However, if the modeling results are incorrect and low, 
the contaminant load could be much greater.  There is very little discussion on what 
concentrations of contaminants in Muskeg Creek would present problems, and what would be 
done if those concentrations were exceeded.  Other factors, including varying seasonal flows and 
drought conditions are also not considered. 
 

4. Cumulative impacts from the Jackpine Mine, as well as the other discharges from 
other mines 
 

Over 25 pit lakes will be created in the Athabasca River drainage (figure 1), and each will have a 
contribution to the total loading in the system, since each of the mines is expected to discharge 
water following closure.  Since the geology and processes of the oil sands is generally similar, 
the contaminant load, at least to a first approximation will be similar.  It is effectively impossible 
to make any generalized statement on how this will affect the ecosystem, but this release is truly 
a cumulative effect issue that needs to consider all of the oil sands mining in the region, since the 
total amount of land expected to be disturbed is 136,00 km2, which is 97% of the total oil sands 
area (Jordaan, 2012).  The magnitude of the discharges, including the tailings facilities and other 
storage sites, the pit lakes, and other disturbed geologic features is potentially large, and each of 
these sources needs to be considered in the totality of the contaminant discharge into receiving 
water (Royal Society of Canada, 2010).   
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Figure 1: Location of planned end pit lakes in the Athabasca Boreal region 
Image Source: Fay Westcott, “Oil Sands End Pit Lakes: A Review to 2007,” in The Cumulative Environmental Management 
Association End Pit Lakes Subgroup, Project 2006-32 (Clearwater Environmental Consultants Inc., 2007), 2. 

 
While the discharge of salts from one pit lake may not be a serious impact on a river system 
continuously being diluted, the cumulative impact can affect water quality, wildlife and 
beneficial uses of the water far into the future.  No serious attempt was provided in the EIA that 
examined this question.   
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Several reports, particularly from industry, have noted that they expect pit lakes to eventually 
evolve into functioning ecosystems that might even support a fishery.   However, the fate and 
transport of contaminants is still very poorly understood, and whether EPLs will ever turn into a 
healthy and viable ecosystem is unknown.  

5. Alternative water and tailings management strategies.  
  

 
A substantial issue is the lack of serious consideration of alternative tailings reclamation 
management strategies by the project proponent.  Options that will reduce the potential for 
contaminant release, including more complete isolation of tailings that substantially reduce the 
potential for release of COC’s, should be considered. One option that should be considered in 
detail is the complete elimination of EPLs.  Because the tailings volume is greater than the 
original volume of the undisturbed land, a greater volume of tailings is available, and those 
tailings can be used to fill the EPLs (similar to disposal of tailing into the mined pit), and 
eliminate the EPL entirely.  The benefits would be a reduction in the elevation of the tailings and 
a reduction in the hydraulic gradient from the tailings into the EPL.   While elimination of 
drainage from the tailings is not possible, the tailings could be designed to promote rapid surface 
runoff rather than infiltration.  This could reduce the amount of contaminated water that would 
need to be managed/treated.  While costs of moving tailings twice are admittedly real, the long-
term cost of treating water in the EPL may be greater, particularly when ecosystem costs are 
considered.  Of course, treating water concerns are heavily magnified by the fact that the 
industry is proposing to utilize EPLs as a permanent repository for reclaiming tailings waste.  
 
If the EPLs contain contaminants that exceed discharge requirements, other options for 
management of contaminated water and the tailings should be available that are cost effective 
and prevent problematic discharges. Such alternatives are not discussed by the proponent in its 
application.  The lack of a serious analysis of alternative tailings and water management methods 
is a major deficit in the environmental analysis. 

 
6. Other issues that should be considered 

Methane production from anaerobic processes: Methane production from anaerobic processes is 
likely to occur for a very long time, again measured in a time frame of decades to centuries in the 
sediments.  The potential for high concentrations of methane to build up under the ice also exists 
and will require consideration of management for fires and potential explosions.  Methane can 
also change the oxidation/reduction state of the water, since it will be susceptible to oxidative 
processes and affect the oxygen status in the water, particularly during winter when ice may 
reduce the outgassing of methane.  While the toxicity of the water may lessen during the 
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summer, any substantial change in the oxidation/reduction status of the water is likely to have an 
impact on biota.   

Radioactive substances: No discussion was presented (and no data) on the potential radioactive 
species that are often associated with hydrocarbon deposits.  For example, the Marcellus Shale 
formation in the eastern United States has highly elevated radium, radon and other radioactive 
materials (thorium and uranium).  Has the potential for radioactive materials in the end pit lakes 
been assessed?    

7. Conclusion 

Shell has not demonstrated that EPLs are technically or economically feasible. The creation of 
EPLs remains a great and untested experiment that is likely to have long-term and severe 
consequences.  Until actual end pit lakes begin to form, understanding the hydrologic and 
geochemical dynamics in these lakes is difficult, and modeling predictions in systems as 
complex as these are insufficient to base decisions on project approvals.   Ultimately, once the 
tailings have been deposited, the discharge of contaminants from the stored tailings above the pit 
lakes, is unknown, and may well result in unacceptable discharge into receiving waters.  The 
scope of this discharge from the Jack Pine mine, in combination with many other oils sands pit 
lakes is unknown, and could have a major and negative impact on the Athabasca river system.   

Moreover, Shell has failed to take into account alternatives to the use of EPLs that are 
technically and economically feasible. 

Recommendations 

If the project does proceed, I make the following recommendations relating to EPLs: 

1. Alternative methods for tailings and water management should be developed, other than 
creation of EPLs, since the long term impacts of EPLs are likely to be unacceptable and 
because the proponent has not demonstrated that EPLs are technically or economically 
feasible for oil sands applications.  
 

2. In the event that EPLs are utilized for the project, then:  
a. Discharge standards from EPLs into receiving waters should be established and 

enforced in order to limit the contaminant load that can be discharged from pit 
lakes, which is apparently the primary discharge point from oil sands mines.  

b. Total maximum contaminant loads should be established and enforced for each 
receiving water, to prevent cumulative effects degradation of these streams and 
lakes.   Because much is yet to be known about cumulative effects from discharge 
from many mines, the total loads of the COC’s need to be monitored and 
appropriately apportioned. 
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3. Results from a scalable research EPL must be available and scientifically verified before 
EPL’s are approved without detailed contingency plans (alternatives) for the likelihood 
that EPLs will not perform as anticipated.  Additionally, any research EPL must have 
tailings deposition similar to other EPL’s being proposed. The use of untested models for 
answering hydrologic and geochemical questions is unacceptable, when the consequences 
of establishing pit lakes may be severe.  Methods may be required to isolate pit lakes 
from the potential of infiltration of tailings-affected water from adjacent tailings.   Better 
information on naphthenic acid (and other organics) degradation in actual pit lakes is 
critical for understanding how to manage contaminated water.   
 

4. Information on the presence or absence of radioactive compounds in the oil sands 
formation should be developed.  While it may not be an issue, other hydrocarbon 
formations, particularly the Marcellus Shale deposits in the eastern U.S., contained highly 
elevated radium 226 and 228.  A similar reducing environment is present in oil sands 
deposits and can similarly trap thorium and uranium, which undergo radioactive decay to 
the radium isotopes.  
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Canada’s Emissions Trends 

Executive Summary                

Overview 

When Canada signed the Copenhagen Accord in December 2009, it committed to 
reduce its greenhouse gas (GHG) emissions to 17% below 2005 levels by 2020, 
establishing a target of 607 Megatonnes (Mt). This mirrors the reduction target set by 
the United States. 

According to the International Energy Agency, Canada’s CO2 emissions from fuel 
combustion in 2009 accounted for approximately 2% of global emissions. Canada’s 
share of total global emissions, like that of other developed countries, is expected to 
continue to decline in the face of rapid emissions growth from developing countries. 

The Government of Canada’s initial focus in tackling GHG emissions has been directed 
at the largest source of Canadian emissions through regulation of the transportation 
sector, as well as actions to reduce emissions from electricity generation. The 
Government is now turning its focus to work with partners in other key economic 
sectors, in particular, working with our partners in the oil and gas sector to make 
further progress on meeting our target. 

The future path of greenhouse gas emissions in Canada will depend on a number of 
factors including: economic activity, population, development of energy markets and 
their influence on prices, technological change, consumer behaviour, and government 
actions.  

Last year, Canada’s GHG emissions were projected to be 785 Mt in 2020. Since that 
time, there have been several key developments and GHG emissions are now 
projected to be 65 Mt lower at 720 Mt in 2020. This is despite the fact that Gross 
Domestic Product (GDP) is projected to be slightly higher in 2020 in this year’s 
projection. The decline in projected emissions, when compared to last year, is 
influenced by four main factors: 

 
• Emissions are increasingly becoming decoupled from economic growth. Changes 

in behaviour by consumers and businesses, in part due to federal, provincial 
and territorial actions, are leading to a decline in emissions intensity.  
 

• Projected sectoral shifts in the economy are also contributing to this 
improvement in emissions intensity. Compared to last year's report, projected 
growth for the emissions-intensive sectors is now lower, while it is now higher 
for the less emissions-intensive sectors. This reduces projected emissions in 
2020, even though total GDP is projected to be slightly higher.  
 

• For the first time, the contribution of the land use, land-use change and 
forestry (LULUCF) sector to achieving Canada’s target is included in our 
projections.     
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• This year’s projections also have a new, lower starting point as the most recent 
data show emissions were significantly lower in 2010 than previously estimated. 
Last year, emissions were estimated to be 710 Mt and since that time, 
preliminary data collected by Statistics Canada and assessed for the National 
Inventory Report 1990-2010: Greenhouse Gas Sources and Sinks in Canada (NIR) 
put Canada’s actual emissions in 2010 at 692 Mt.  
 

Canada’s Greenhouse Gas Inventory shows a decoupling of GHG 
emissions from economic growth 

Canada’s total greenhouse gas emissions in 2010 were 692 Mt, essentially unchanged 
from 2009 levels (a 0.25% increase). This means that between 2009 and 2010, 
Canada’s emissions remained steady despite economic growth of 3.2%.  

Over the last two decades, technological and structural changes, along with increases 
in efficiency, have acted to create this decoupling of emissions and economic growth. 
The Canadian economy has experienced a substantial decline in energy intensity as 
industrial processes have become more efficient and lower-emissions and service-
based industries have grown. As well, emissions from energy generation have declined, 
primarily due to changes to the generation mix and closure of coal-fired generating 
units. As a result, economic activity and the level of greenhouse gas emissions are 
becoming increasingly independent. Between 2005 and 2010, the economy grew by 
6.3% whereas Canadian greenhouse gas emissions decreased by 6.5%. 

Per capita emissions in 2010 fell to 20.3 tonnes of carbon dioxide equivalent per 
person, their lowest level since tracking began in 1990. In comparison to the 2005 
level (22.9 t CO2 eq/capita), per capita emissions in 2010 are 2.6 tonnes of carbon 
dioxide equivalent lower. Canada is making steady progress towards its commitment to 
reduce GHG emissions. Of note, since 2005, annual greenhouse gas emissions have 
dropped by 48 megatonnes and emissions have declined in almost all sectors, including 
oil and gas and electricity generation.   

 

Emissions intensity continues to improve through 2020 with help 
from federal, provincial, and territorial actions 
In this year’s report, Gross Domestic Product (GDP) is projected to be slightly higher in 
2020 than in the previous report (by 0.8%), while GHG emissions are lower (by 5.3%). 
The projected decline in GHG emissions is thus associated with a reduction in 
intensity, implying greater de-coupling between GDP and GHGs. The improvements in 
emission intensity are in part due to: i) increased contribution of the services sector, 
which typically emits less emissions per dollar of GDP; and ii) actual emissions in 2010 
were lower than projected, while actual GDP was higher. The decline in emissions   
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intensity was also due to the fact that consumers and businesses are making more 
progress in reducing emissions. Government programs are contributing to this by 
helping to accelerate the adoption of energy efficient technologies and cleaner fuels. 

Canada is moving forward to regulate GHGs on a sector-by-sector basis, aligning with 
the U.S where appropriate. The Government of Canada has started with the 
transportation and electricity sectors – two of the largest sources of Canadian 
emissions – and plans to move forward with regulations in partnership with other key 
economic sectors, including oil and gas. Last year’s report included emissions 
regulations for light-duty vehicles for the model years 2011-2016 as well as an 
electricity performance standard to phase-out coal-fired electricity, Alberta’s 
Specified Gas Emitters Regulation, British Columbia’s carbon tax and Quebec’s carbon 
levy. Provincial policies such as Ontario’s phase-out of coal-fired electricity also made 
important contributions. Projected emissions levels in the 2012 version of the report 
have further declined, in part through the inclusion of further federal actions on 
additional emissions regulations for light-duty vehicles for the 2017-2025 period as 
well as heavy duty vehicle regulations. Recent provincial actions (e.g., Quebec’s cap-
and-trade, Nova Scotia’s emissions cap for electric utilities, increased stringency of 
building energy codes, equipment standards and requirements for capturing methane 
from landfill gas) are also included. Total emissions in 2020 are projected to decrease 
to 720 Mt. 

The future trajectory of Canadian GHG emissions can, and will, be influenced by 
further government actions, technological change, economic conditions, and 
developments in energy markets. Recognising this, Environment Canada has developed 
scenarios for projected emissions based on different assumptions regarding future 
economic and energy market developments. 

 
For the first time, there is recognition of the contribution of the 
Land Use, Land-Use-Change and Forestry sector   

The Land Use, Land-Use-Change and Forestry sector (LULUCF) has been internationally 
recognised as an important consideration in global accounting frameworks for 
emissions reductions. Improvements in greenhouse gas related activities within 
Canada’s LULUCF sector can make an important contribution towards reducing 
national emissions levels, given Canada’s large supply of forest and cropland.  

This 2012 Emissions Trends Report represents a key milestone for Canada in moving 
towards the inclusion of the LULUCF sector in accounting of GHG emissions. New 
projections allow the inclusion of the LULUCF sector in emission projections for the 
first time. Current estimates suggest a net contribution of 25 Mt of GHG emissions 
towards the 2020 target. While these estimates are preliminary in nature and will 
change as a result of ongoing efforts to improve data and methodologies as well as the 
consideration of alternative accounting approaches, they provide a solid first step 
toward recognizing the important contribution from LULUCF.  

This important step will encourage advancement in policies and measures to make 
further progress towards Canada’s GHG reduction goals.  
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The report projects that Canada is one half of the way toward 
meeting its Copenhagen Commitment 

Overall, this report demonstrates that Canada is making significant progress towards 
meeting its 2020 target for GHG emissions. Beyond federal initiatives, provincial and 
territorial governments are contributing with significant action of their own under 
their respective jurisdictional targets. Taken together, the measures of the federal 
and provincial governments, combined with the efforts of consumers and businesses, 
are projected to have a significant impact on emissions over the coming years. 

 

Table ES 1 – Canadian GHG Emissions and Government Measures (Mt CO2e) 

 2005 2010 2015 2020 

Emissions – Assuming No Government Measures 
(2011) 740 

 
718 784 850 

Emissions – with Existing Government measures 
(2012 update)*  740 

 
692 700 720 

* Includes the contribution of LULUCF in 2015 and 2020. 

 

Last year, Canada’s GHG emissions were projected to be 850 Mt in 2020 under a 
scenario assuming no government measures to reduce emissions. Taking into account 
existing measures of federal, provincial and territorial governments, it was projected 
that emissions would be 785 Mt in 2020. This reduction of 65 Mt represented one 
quarter of the reductions needed to meet Canada’s target of 607 Mt. This year, GHG 
emissions are now projected to be 720 Mt in 2020, as a result of all the developments 
outlined in this report. The gap between the initial projected business-as-usual GHG 
emissions in 2020 (850 Mt) and the 607 Mt target now has been closed by 130 Mt – one 
half of the way to meeting Canada’s target. Upcoming federal policies, in particular 
oil and gas regulations, along with further provincial measures, will further contribute 
to the additional 113 Mt required for Canada to meet its commitments under the 
Copenhagen Accord. 
  



5 

Canada’s Emissions Trends 

Figure ES 1 – Scenarios of Canadian Emissions to 2020 (MtCO2e) 
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Preface 

Consistent with its goal of becoming a “World Class Regulator”, and ensuring greater 
transparency, Environment Canada has committed to publish emissions projections 
annually. This is the second annual report, building on last year’s publication, 
Canada’s Emissions Trends 2011. 

The analysis presented in this report incorporates the most up-to-date statistics on 
GHG emissions and energy available at the time that the technical modeling was 
completed1, and is based on scenarios of emissions projections using a detailed, 
proven Energy, Emissions and Economy Model for Canada.   

Last year, projected emissions were 710 Mt in 2010. Since that time, data collected by 
Statistics Canada for 2010 has been assessed for the National Inventory Report 1990-
2010: Greenhouse Gas Sources and Sinks in Canada (NIR) in accordance with standards 
set by the Intergovernmental Panel on Climate Change – a United Nations body. 
Estimates published in the 2012 NIR show that Canada’s emissions in 2010 were 
actually 2.6% lower at 692 Mt. Subsequently, emissions projections in this paper have 
been revised down compared to the 2011 Report to reflect these changes as well as 
factors such as slower than expected economic growth for certain emissions-intensive 
subsectors. 

Provincial and federal government departments were consulted during the model’s 
development and were invited to provide their input and suggestions for improvement. 
Environment Canada also consulted industry experts to improve the model and core 
technical assumptions.  

The majority of data and advice received from sector experts and authorities for the 
modelled emissions scenarios have been subjected to rigorous consultations. For 
example, the National Energy Board has extensive consultation processes in place to 
ensure their assumptions of energy demand and supply growth are robust; the input 
they provided to Environment Canada reflects those consultations. 

In addition, the methodology used to create the projections underwent a peer review 
by a panel of experts in 2010/2011. In the peer review, the experts assessed the 
modeling methodology on its reasonableness and robustness, reviewed the sources for 
the key macroeconomic and energy-related assumptions, and made suggestions on how 
to continue improving the methodology in future rounds. While we are working with a 
highly detailed and sophisticated model, as with all projections, the estimates in this 
paper should be seen as representative of possible outcomes that will, in the end, 
depend on economic, social and other factors, including future government policy.    

Questions and requests for further information on the analysis underlying this report 
should be directed to: AMD_EAD@ec.gc.ca 

                                            

1 Emissions inventory data used for this analysis is derived from National Inventory Report 1990-
2010: Greenhouse Gas Sources and Sinks in Canada. 
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Canada’s GHG Emissions in a Global Context  

It is important to put Canada’s situation into context by comparing to other countries. 
According to the International Energy Agency, Canada’s CO2 emissions from fuel 
combustion in 2009 accounted for approximately 2% of global emissions2. 

Global emissions of CO2 have increased by 38% between 1990 and 2009. Over the same 
period, Canadian CO2 emissions have increased by less than 19%. Canada’s share of 
total global emissions, like that of other developed countries, will continue to decline 
in the face of rapid emissions growth from developing countries, particularly China and 
India. By 2005, China had overtaken the U.S. as the world’s largest overall greenhouse 
gas emitter, and by 2020 China’s greenhouse gas emissions are expected to account 
for 27% of global emissions, up from about 20% in 2005. 

Figure 1 – Distribution of world carbon dioxide emissions from fuel combustion, 
2009 

 

 

Source: www.ec.gc.ca/indicateurs-indicators/default.asp?lang=en&n=54C061B5-1 

 
The Copenhagen Accord is a critical instrument for addressing such dramatic 
escalation in global emissions because it is signed by 140 nations, representing 85% of 
the world’s GHG emissions. For example, the Accord was signed by China, the U.S., 
Brazil and India, which together account for over 40% of global emissions. In contrast,   

                                            

2 As the most recent total greenhouse gas emissions by countries are for 2005, CO2 emissions 
are being used as they are more recent.  
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none of these major emitters had commitments under the Kyoto Protocol, an 
agreement that involved commitments of only 40 nations representing 27% of global 
emissions. 

When Canada signed the Copenhagen Accord in December 2009, it committed to 
reducing its GHG emissions to 17% below 2005 levels by 2020. This mirrors the 
reduction target set by the United States, which is also following a sector-by-sector 
approach. Canada is moving in alignment with the U.S. given the importance of our 
economic relationship. Every day, $1.8 billion in goods and services crosses the border, 
and fully 85% of Canada’s trade is with the United States. Comparatively, Canada has 
relatively less trade with other large partners. This makes the United States Canada’s 
primary link into global value chains – which is the transformation process of a product 
from raw materials to finished good, or the process of developing tradable services. 
The GHG regulations for light duty and heavy duty vehicles are examples of an aligned 
approach. With aligned regulations, light duty vehicle and heavy duty vehicle 
manufacturers face the same rules in each country, providing greater investment 
certainty and a level playing field. Furthermore, all Canadians benefit from the 
efficiency of having a single set of regulations in the integrated North American auto 
sector. 
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GHG Emissions by Sector  

Emissions by Activity and Economic Sector 

There are several methods to categorise the sources of greenhouse gas emissions that 
arise across Canada. In Canada’s National Inventory Report (NIR)3, as specified by the 
United Nations Framework Convention on Climate Change definitions, greenhouse gas 
emissions are primarily categorized by emitting activity: e.g., emissions from energy 
use, fugitive emissions, transportation emissions, and emissions from industrial 
processes. However, for the purposes of analyzing trends and policies, it is useful to 
allocate emissions to the economic sector from which they originate. As such, both 
this report and the 2012 NIR present emissions by economic activity. 

 

Historical Emissions 

Historical emissions estimates within this report are taken from the NIR which is 
submitted to and reviewed by the United Nations Framework Convention on Climate 
Change (UNFCCC). Every year the estimates are updated to reflect the availability of 
data as well as improvements and refinements to data sources and methodological 
techniques. For this reason, the historical emissions reported here will differ from 
those reported in Canada’s Emissions Trends 2011.  

From 1990 to 2005, total emissions grew from 589 Mt to 740 Mt. The majority of this 
increase occurred in the transportation sector, the oil and gas sector and the 
electricity sector. In the transportation sector, changes in subsectors including light-
duty and heavy-duty vehicles caused an increase in emissions of 42 Mt over this period. 
Expansion and adoption of new extraction technologies resulted in an increase in 
emissions of 60 Mt in the oil and gas sector. The electricity sector accounted for a 
further 29 Mt of the increase in total emissions. 

Greenhouse gas emissions have decreased in almost every sector of Canada between 
2005 and 2010. This is a result of factors such as the global economic downturn, 
changes to energy efficiency technology, changes in energy prices, and a decrease in 
the energy intensity of the economy. Moreover, federal and provincial government 
actions to reduce emissions had a significant impact on emissions over this time 
period.  

Table 1 shows historical emission levels for selected years up to 2010 (the last 
available year of historical emissions numbers under the NIR for 2012) for each of the 
major economic sectors generating emissions. 

                                            

3 Canada submits an annual National Inventory Report on Greenhouse Gases Sources and Sinks 
to the United Nations Framework Convention on Climate Change per the reporting methodology 
requirements of the International Panel on Climate Change. 
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Table 1 – GHG emissions by economic sector (Mt CO2e) 

 Mt CO2 equivalent 1990 2000 2005 2006 2007 2008 2009 2010 

Oil and Gas 100 150 160 161 165 160 161 154 

Electricity 92 128 121 115 124 112 96 99 

Transportation 128 155 170 169 172 172 162 166 

Emissions Intensive & Trade 
Exposed Industries 96 88 90 89 90 87 74 75 

Buildings 70 81 85 80 85 85 82 79 

Agriculture 54 65 67 66 68 68 67 69 

Waste and Others 49 50 48 46 48 47 47 50 

NATIONAL GHG TOTAL 589 718 7404 726 751 731 690 692 

Transportation 

Emissions from transportation (including passenger, freight, and off-road emissions) 
are the largest contributor to Canada’s greenhouse gas emissions, representing 24% of 
overall greenhouse gases in 2010.  

Between 1990 and 2005, emissions in the transportation sector increased 33% from 128 
Mt in 1990 to 170 Mt in 2005. This was largely driven by a strong period of economic 
growth as well as a shift from cars to light-duty trucks. 

Since 2005, transportation emissions have decreased 4 Mt. Light-duty vehicles have 
become increasingly more fuel efficient. For example, between 2005 and 2010, the 
sales-weighted on-road fuel economy for new cars has improved from 8.5 litres per 
100 km to 6.8 litres per 100 km, while the sales-weighted on-road fuel economy for 
new light trucks has improved from 12.7 litres per 100 km to 8.5 litres per 100 km. 
Offsetting factors include an increase in number of vehicles on the road and 
kilometres driven.  
  

                                            

4 Canada’s target of 607 Mt is based on the 731 Mt for 2005 that was included in the 2011 NIR. 
Using 2012 data (740 Mt), and the same 17% reduction, would have increased the target to 
614 Mt. 
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Electricity  

Historically over the 1990 to 2005 period, emissions from the electricity sector 
increased in parallel with rising demand for electricity both domestically and to satisfy 
export demand from the United States. Additionally, fossil fuel power generation 
became more prominent in the overall generating portfolio between.  

Electricity-related emissions (including heat generation) have generally declined since 
2005 due to factors such as a return to service of a number of nuclear units and fuel 
switching to natural gas, as well as a decline in coal-fired electricity generation in 
Ontario. These factors coupled with the economic downturn have seen emissions from 
the electricity sector decrease by 22 Mt between 2005 and 2010.  

Oil and Gas  

Conventional oil and gas production and petroleum refining emissions are related 
primarily to the production, transmission, processing, refining and distribution of all 
oil and gas products. In 2010, the Oil and Gas economic sector produced the second 
largest share of greenhouse gas emissions in Canada (22%).  

Emissions from this sector increased by 60 Mt over the 1990 to 2005 time period as the 
sector expanded and adopted new extraction processes. However, GHG emissions from 
the Oil and Gas sector have fallen by 6 Mt between 2005 and 2010. This more recent 
decrease in the emissions from the oil and gas sector is the result of a number of 
factors including a lower global demand for petroleum products during the economic 
downturn, as well as the gradual exhaustion of conventional natural gas and oil 
resources in Canada.  

Emissions-Intensive and Trade-Exposed Industries (EITE) 

Emissions from the Emissions-Intensive Trade-Exposed Industry sector5 were 
responsible for 16% of total Canadian emissions in 1990 falling to 12% in 2005. In more 
recent years, emissions have fallen further as a result of the economic downturn and 
the continued evolution of Canadian production towards other sectors and services, 
representing an additional decrease of 15 Mt between 2005 and 2010 (11% of total 
emissions).  

The decline in emissions was also due to the contribution of several factors such as the 
installation of nitrous oxide abatement technology in Canada’s only adipic acid 
manufacturing plant and the improved emission control technologies for 
perfluorocarbons within the aluminum industry. Energy efficiency measures, 
replacement of raw materials with recycled materials, and use of unconventional fuels 
such as biomass and waste in the production processes, were also responsible for the 
reductions. 

                                            

5 The Emissions-Intensive Trade-Exposed Industry sector represents emissions from mining 
activities, smelting and refining, and the production and processing of industrial goods such as 
chemicals, fertilizers, paper or cement. 
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Buildings 

Emissions in Canada’s service industry and residential buildings increased by 15 Mt 
overall between 1990 and 2005. However, more recently, between 2005 and 2010, 
emissions decreased by 6 Mt. This was driven by a 5 Mt decrease in commercial 
buildings, mainly due to improved energy standards and the adoption of higher-
efficiency furnaces and other improved appliances.  

Agriculture 

Canada’s agricultural emissions consist mainly of methane and nitrous oxide from 
animal and crop production systems. Emissions have remained relatively stable over 
the 2005 to 2010 time period increasing by only 2 Mt or 3%, following an increase of 13 
Mt from 1990 to 2005. Increasing emissions from on-farm fuel use and crop production 
have been partially offset by decreasing emissions from animal production since 2005.  

Waste and Others 

Emissions from the Waste and Others sector have remained relatively stable over the 
period. GHG emissions from landfills increased only slightly over the time period, as 
provincial government measures aimed at capturing landfill gas from solid waste 
helped to slow growth. In contrast, emissions from coal production have nearly 
doubled over the 2005 to 2010 time period increasing by nearly 3 Mt.  
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Emissions Trends  

Emissions Scenarios and Key Drivers 

Greenhouse gas emissions in Canada are driven by a number of economic drivers (e.g., 
energy demand and supply mix, economic growth, among others). Looking ahead, 
projections of future emissions are greatly influenced by the underlying assumptions 
about the expected development of these economic drivers over time6. Changing 
assumptions about any of these factors will alter the future path of emissions.  

The approach adopted for development of the emissions scenarios presented here 
relies on a baseline set of assumptions. In this respect, the economic projections are 
calibrated to those used by Finance Canada in Budget 2012. The longer-term 
projections incorporate productivity growth projections and Statistics Canada’s 
population growth projections. Similarly, forecasts of major energy supply projects 
from the National Energy Board were incorporated for key variables and assumptions 
in the model (e.g., oil sands production, large hydro capacity expansions, nuclear 
refurbishment and additions). Supply forecasts are based on consultation with industry 
experts and reflect the Government’s most recent views regarding the evolution of 
Canada’s energy supply sector. The projections also incorporate data from the 
National Inventory Report 1990-2010: Greenhouse Gas Sources and Sinks in Canada 
(NIR), Natural Resources Canada, and the U.S. Energy Information Administration. For 
a more detailed summary of key economic data and assumptions see Annex 1.  

It is impossible to predict Canada’s greenhouse gas emissions with certainty, given the 
importance of the economic drivers and the intrinsic uncertainty related to the 
evolution of these drivers (e.g. GDP, energy prices) in the future. Government policy 
also has a significant impact on emissions, (including expected future policies) along 
with changes in behaviour as individuals place more importance on environmentally-
friendly products and businesses adopt more environmentally-friendly processes. While 
the modeling explicitly recognizes technological progress (e.g., known advanced 
energy efficient technologies will become more cost-effective over time), it is 
virtually impossible to predict what new technologies will be developed and 
commercialized in the future. In this respect, future emissions will be shaped by 
existing government measures, as well as future measures that will be implemented as 
part of Canada's plan to reduce emissions to the target established in the Copenhagen 
Accord. 

Taking into account the economic drivers described above, with no major technology 
changes and factoring in current government measures and land use, land-use change 
and forestry (LULUCF), results in a baseline scenario whereby emissions reach 720 Mt 
by 2020 (or 20Mt below 2005 levels).   

                                            

6 For detailed information about individual key drivers, assumptions and key response 
dynamics, see Annex 1. 
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Given the uncertainty regarding the economic drivers, this scenario should be seen as 
one estimate within a set of possible emissions outcomes in 2020, depending on 
economic developments and underlying assumptions. To get a sense of the sensitivity 
of emissions to economic developments, emissions were calculated under a series of 
alternative assumptions involving relatively minor variations in assumed economic 
growth rates for Canada and world oil prices7.   

For example, under a scenario of high GDP growth, reference world oil prices and no 
further government action, Canadian emissions, before accounting for contributions 
from LULUCF, could reach almost 771 Mt by 2020. Alternatively, with low GDP growth 
and high world oil, 2020 emissions, before accounting for contributions from LULUCF, 
could be as low as 705 Mt. Figure 1 illustrates these alternative emissions pathways. 
For a more detailed explanation of this sensitivity analysis, see Annex 2.  

Figure 2 – Projected GHG emissions under alternative economic assumptions 
(excluding LULUCF) 

 

 

These sensitivities illustrate that Canada’s emissions projections should not be 
interpreted as a precise prediction or forecast of our emissions since, as outlined 
above, actual emissions will be determined by a range of as yet unknown 
developments in key drivers. Rather, the projections should be viewed as one 
plausible outcome for future emissions that provides a reference point for evaluating 

                                            

7 Since sensitivity analyses have been performed around variables that affect energy and 
industrial production and consumption, LULUCF emissions are not included in these estimates. 
The inclusion of LULUCF contributions will reduce overall emissions levels. 
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the impact of economic and technological developments, as well as assessing the 
impact of existing and future government measures.    

It is important to note that the projection of emissions in this report is based on 
existing government measures as of the spring of 2012 only, and does not reflect the 
impact of further federal measures that are under development as part of the 
government’s plan to reduce GHG emissions to 607 Mt by 2020, nor new provincial 
measures that could be undertaken in the future. The impact of government measures 
on emissions is described in more detail in a later section. 

 

Table 2 – Sensitivity of emissions to changes in GDP and world oil price  
(excluding LULUCF) 

Cases Impact on GHG emissions relative to the reference 
scenario (Mt CO2e) 

 

2005 2020 

Change, 

 2005 to 2020 

Slow GDP – High World Oil Prices 740 705 -35 

Fast GDP – Reference World Oil 
Prices 740 771 31 

Baseline Scenario 740 745 5 

Sensitivity Range (including all 
scenarios examined – see Annex 2) 740 705 to 771 -35 to 31 
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Baseline Scenario Trends 

National Emissions Projections 

Figure 3 depicts the total projected Canadian greenhouse gas emissions8 in the 
absence of further government actions for selected years from 1990 to 2020. The 
projection suggests that Canadian emissions peaked in 2005. By 2020, emissions, 
including the contribution of LULUCF, are projected to be 720 Mt. This is comparable 
to the emissions level in 2000. 

Figure 3 – Total Canadian GHG emissions and projections (with no further 
government actions): 1990 to 2020 (Mt CO2e – incl. LULUCF) 

 

 

Emissions Projections by Sector 

Over the last two decades, the Canadian economy has become significantly less energy 
intensive and there continues to be an accelerated decoupling between economic 
growth and greenhouse gas emissions levels. Canada’s total greenhouse gas emissions 
in 2010 were 692 Mt, and were essentially unchanged from 2009 levels with only a 
0.25% increase. This means that between 2009 and 2010, Canada’s emissions remained 
steady despite economic growth of 3.2%. 

However, since a strong connection still remains between economic growth and 
greenhouse gas emissions, emissions are projected to rise over the period, but at a 
rate lower than economic growth. As the economy grows beyond 2010, total emissions 

                                            

8 The projection period, 2011 to 2020, includes the contribution of land use, land-use change 
and forestry. 
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are expected to begin to increase. Absent further government action, by 2020 
emissions are projected to reach 720 Mt, a decrease of 20 Mt from 2005.     

Table 3 illustrates how the trends in each economic sector vary based on how 
economic drivers and government policies shape emissions in that sector. Electricity 
generation is the one major economic sector that is projected to reduce emissions 
significantly, in large part due to the combined impact of government measures to 
create a cleaner electricity system. Electricity emissions are projected to decline by 
41 Mt (34%) between 2005 and 2020. On the other hand, increased production in the 
oil sands is expected to result in overall oil and gas emissions increasing by 44 Mt (28%) 
between 2005 and 2020.   

The following pages provide more detail on expected emissions trends by economic 
sector.  

Table 3 – Change in GHG emissions by economic sector (Mt CO2e) 

 

2005 2020 
Change,  

2005 to 2020 

Transportation 170 171 1 

Electricity 121 80 -41 

Oil and Gas 160 204 44 

Emissions-Intensive Trade- 
Exposed Industries 90 83 -7 

Buildings 85 91 6 

Agriculture 67 65 -2 

Waste and Others 48 51 3 

Sub-Total 740 745 5 

Expected LULUCF Contribution N/A -25 -25 

Total 740 720 -20 

Transportation 

Total transportation emissions are projected to increase by about 1 Mt – from 170 Mt 
in 2005 to 171 Mt by 2020 – a marked deceleration of growth from the historical long-
term trend. This deceleration is expected to occur as a result of higher gasoline and 
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refined petroleum prices, and greater fuel efficiency in vehicles being accelerated by 
federal vehicle emissions regulations9.  

As depicted in Table 4, the transportation sector is comprised of several distinct 
subsectors – passenger, freight, and air and others (e.g., rail and marine)10. Each 
sector exhibits different trends and responds to a very different mix of technological 
options. For example, emissions from passenger transportation are projected to 
decrease by 11 Mt between 2005 and 2020, while those for ground freight and off-road 
are projected to grow by 11 Mt.   

Under both phases of light duty vehicle regulations, spanning model years 2011 to 
2025, the fuel efficiency of passenger vehicles will increase by some 35%. The sales-
weighted fuel economy of new passenger vehicles is projected to improve from 7.9 
L/100km in 2010 to 6.0 L/100km in 2020 and to 5.0 L/100km by 2025. 

Likewise, emissions from freight are expected to decrease as a result of various 
federal, provincial and territorial programs. The recently announced Heavy Duty 
vehicle regulations will improve the average fuel efficiency of trucks from 2.5 
litres/100 tonne-km to 2.1 litres/100 tonne-km by 2020.  

 

Table 4 – Transportation: emissions (Mt CO2e) 
  2005 2010 2020 

Passenger Transport 97 96 86 

Cars, Trucks and Motorcycles 87 88 74 

Bus, Rail and Domestic Aviation 9 8 12 

Freight Transport 56 60 67 

Heavy-Duty Trucks, Rail 49 52 58 

Domestic Aviation and Marine 8 8 9 

Other: Recreational, Commercial and Residential 
17 10 18 

Total Emissions (Mt) 170 166 171 

 

                                            

9 See a description of federal Light-Duty Vehicle and Heavy-Duty vehicle regulations in the 
following section; as well as the “Drilldown” text box describing trends in light-duty vehicles. 

10 There are many alternative approaches for treating and grouping the transportation 
activities.  For example, passenger transportation could be included in the residential sectors.  
Likewise, moving of industrial freight could be included with each industry. 
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 “DRILLDOWN” – Light-Duty Vehicle Emissions and Regulations 

Transportation is a significant source of GHG emissions in Canada. In 2010, 
transportation sources accounted for 24% of total Canadian GHG emissions, of which 
55% were emissions arising from the light-duty vehicle sub-sector (i.e. cars; small 
trucks). This has led the Government of Canada to target light-duty vehicles as a high 
priority for regulations.  

In recognition of the integrated North American economies and transportation 
industry, the governments of Canada and the U.S. have established aligned policies for 
national regulations to reduce emissions from the transportation sector.   

In October 2010, the Government of Canada released the final Passenger Automobile 
and Light Truck Greenhouse Gas Emission Regulations (LVD1), which prescribes 
progressively more stringent annual emission standards for new vehicles of model 
years 2011 to 2016. The Government also published a Notice of Intent for “phase 2” of 
the regulations to develop more stringent GHG emissions standards for light-duty 
vehicles of model years 2017 to 2025 (LVD2). 

These regulations will achieve significant and sustained GHG reductions and fuel 
saving benefits. By 2020, preliminary estimates suggest that Canadian regulations for 
model years 2011 to 2016 will lead to annual reductions of between 9 and 10 Mt in 
Canada. Preliminary estimates also suggest that the proposed regulations for model 
years 2017 to 2025 will contribute to achieving the Copenhagen 2020 target by 
reducing GHG emissions by an additional 2 to 3 Mt in 2020. Greenhouse gas emissions 
are expected to be reduced further beyond 2020, as the 2021 to 2025 reductions come 
into effect. 

Under the first phase of the regulations, the average fuel efficiency of new vehicles is 
projected to increase by 15% between 2010 and 2016. The regulations continue to 
establish progressively stringent annual fleet average emission standards. Under the 
second phase of the regulations, average fuel efficiency of new vehicles is projected 
to increase by 37% between 2016 and 2025. Overall, the cumulative improvement from 
LDV1 and LDV2 is projected to increase the average fuel efficiency of new vehicles by 
57% over the period from 2010 to 2025.  

Unconventional vehicles (those that use diesel, alternative fuels, and/or hybrid 
electric systems) are projected to play a significant role in meeting more stringent 
fuel economy standards. This means that companies will continue to offer a full range 
of vehicle types to meet the transportation needs of Canadians, but that consumers 
can expect to see a greater choice of alternative vehicles available for sale. As a 
result, it is anticipated that the market penetration of existing advanced technology 
vehicles, such as hybrid-electric vehicles (e.g. Toyota Prius), plug-in hybrid-electric 
vehicles (e.g. Chevrolet Volt) and fully-electric vehicles (e.g. Nissan Leaf), will 
increase in Canada.  

These vehicles have the potential to allow driving habits to change significantly, but, 
at the same time, reduce CO2 emissions significantly. Moreover, electric vehicles offer 
zero tail pipe emissions since electricity is generated at centralized utilities which 
would significantly reduce localized smog and other air pollutant emissions. 



Canada’s Emissions Trends 23 

Consumers that purchase a vehicle would be expected to recover any higher upfront 
costs through fuel savings between 5 to 8 years for passenger cars, and a period of 
only 2 to 4 years for light trucks. In fact, the lifetime fuel savings for a vehicle is 
projected to be 2 to 3 times the estimated increase in vehicle cost or approximately 
$1,950 in 2025. Thus, the performance standard represents an economically efficient 
and low cost approach to emissions reductions. Under these regulations, greenhouse 
gas emissions from light-duty vehicles are projected to decrease by 16% between 2005 
and 2020. Moreover, these regulations will have a significant impact on total 
transportation emissions. Canadian average annual Transport greenhouse gas emissions 
increased at 1.9% per year over 1990 to 2000 while they are projected to increase by 
only 0.4% on average over 2010 to 2020. As the second phase of the regulations take 
hold, and regulations for Heavy Duty Trucks increasingly impact other transport 
subsectors, average annual transport GHG emissions decrease by 4% from 2020 to 
2030.  

It is projected that there will be almost 26 million vehicles on the road by 2025. The 
emissions reduction of 15% due to the full phase in of LDV1 and LDV2 over the period 
from 2010 to 2025 would be equivalent to removing approximately 3.7 million vehicles 
from the road.  

Oil and Gas 
 
This projection does not include the impact of future oil and gas regulations. While 
work is currently underway, we have not yet reached a point where the effects can be 
reliably quantified. It is anticipated that these regulations will be included in Canada’s 
Emission Trends in the future, and this inclusion will result in significant additional 
reductions by 2020 relative to the projections herein.  

Upstream Oil and Gas Production 

Absent further government action, emissions from upstream oil and gas production, 
including pipelines but excluding refining and upgrading11, are estimated to grow from 
125 Mt in 2005 to 160 Mt in 2020. This increase is primarily driven by the growth in 
bitumen production, where emissions are expected to increase from 19 Mt in 2005 to 
about 80 Mt by 2020. Specifically, emissions from oil sands mining are projected to 
double while emissions from in situ production are expected to increase more than 
five times from 10 Mt in 2005 to 55 Mt in 2020.   

Over this same period, emissions from conventional crude oil production are expected 
to fall from 33 Mt in 2005 to 27 Mt in 2020, while those from natural gas production 
and processing are expected to fall from about 57 Mt in 2005 to 44 Mt by 2020. 

Emissions from the pipeline transport of oil and natural gas are expected to fall from 
about 16 Mt in 2005 to 9 Mt by 2020. The emissions associated with the upgrading of 

                                            

11 Includes natural gas, conventional light and heavy crude oil, and in situ bitumen from oil 
sands. 
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oil-sands bitumen12 are expected to rise from 14 Mt in 2005 to 23 Mt by 2020. Further 
details on emissions from oil-sands upgrading are reported in the section below dealing 
with the refining industry.   

 

Table 5 – Oil and gas sector: emissions by production type (Mt CO2e) 

 
2005 2010 2020 

Absolute Change 

2005 to 2020 

Natural Gas Production and 
Processing 

57 46 44 -13 

Conventional Oil Production  33 29 27 -6 

Conventional Light Oil Production 10 9 9 -1 

Conventional Heavy Oil Production 21 18 15 -6 

Frontier Oil Production 2 2 2 0 

Oil Sands 32 48 104 73 

Bitumen In situ 10 18 55 45 

Bitumen Mining 9 13 25 16 

Bitumen Upgrading 14 17 23 9 

Oil and Natural Gas Transmission 16 11 9 -7 

Downstream Oil and Gas 22 20 20 -2 

Petroleum Products 20 18 18 -2 

Natural Gas Distribution 2 2 2 0 

Total 160 154 204 44 

 

 

 

 

                                            

12 By UNFCCC convention, emissions from the production of synthetic crude oil are linked to the 
petroleum refining industry. 



Canada’s Emissions Trends 25 

Table 6 – Upstream oil and natural gas production: emissions and drivers 

 2005 2010 2020 

Conventional Oil Production    

Emissions (Mt CO2e) 33 29 27 

Production (1,000 barrels/day) 1361 1228 1112 

    

Natural Gas Production13 and 
Processing (including Pipelines)    

Emissions (Mt CO2e) 57 46 44 

Production (billion cubic foot 
(BCF))14 6951 5868 4711 

    

Bitumen Production    

Emissions (Mt CO2e) 19 31 80 

Production (1,000 barrels/day) 1064 1614 3263 

 

 

Petroleum Refining and Upgrading 

Table 7 displays emissions associated with petroleum refining and upgrading. As noted 
above, the greenhouse gas emissions from upgrading bitumen into synthetic crude oil 
are included in the petroleum refining industry category. From 2005 to 2020, emissions 
from bitumen upgrading are projected to increase by 9 Mt, while emissions from 
petroleum refining are projected to decline by 2 Mt.  

 

                                            

13 Due to the increased prospects of shale gas in the United States and Canada (mostly British 
Columbia), the in-production date of natural gas from the Mackenzie Valley has been deferred 
until 2025. 

14 For the most part, the oil and natural gas production projections reflect the views of the 
National Energy Board outlook for projects in these provinces. However, some adjustments 
have been made to reflect more recent market conditions.  For example, the growth in shale 
gas production in British Columbia has been reduced. 



Canada’s Emissions Trends 26 

 

Table 7 – Petroleum refining and upgrading sector: emissions and 
drivers 

 2005 2010 2020 

Traditional Refineries    

Emissions (Mt CO2e) 20 18 18 

Refined Petroleum Processed 
(1,000 barrels/day) 

2165 2144 2359 

    

Upgraders    

Emissions (Mt CO2e) 14 17 23 

Upgraded Products (1,000 
barrels/day) 

611 865 1359 

Electricity Generation 

Emissions from electricity generation and distribution have historically increased over 
time as a result of the need to increase generating output to supply a growing 
economy. However, emissions from this sector are now declining, and that trend is 
expected to continue over the next decade. Between 2005 and 2020, electricity 
generation emissions are expected to decrease by 41 Mt, from 121 Mt in 2005 to 80 Mt 
in 2020, as a result of the federal Emissions Performance Standard for coal-fired 
electricity generation as well as provincial measures to shift away from coal as a fuel 
source and measures to encourage the development of renewables. 

  

Table 8 – Electricity sector: emissions and drivers  

 2005 2010 2020 

Emissions (Mt CO2e) 121 99 80 

Generation (TWh) 557 529 598 

 

Against a backdrop of decreasing coal power usage, fossil fuel generation is expected 
to vary with the availability of electricity from hydro, nuclear and renewable power 
sources such as wind. Hydro power generation is expected to increase throughout 
Canada, although the growing demand for electricity in Alberta is expected to 
continue being met primarily through increased generation from coal and natural-gas-
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fuelled power plants15. On a national level, electricity generation from natural gas, a 
relatively cleaner form of energy than coal, is expected to double between 2005 and 
2020.  

 

Table 9 – Electricity generation: emissions by fuel type (Mt CO2e) 

 
2005 2010 2020 

Absolute Change 

2005 to 2020 

Coal  98 80 57 -41 

Refined Petroleum 
Products  9 2 3 -6 

Natural Gas  13 16 19 6 

Non-combustion 0 0 0 0 

Total 121 99 80 -41 

 

The proportion of utility electricity generation coming from wind power and other 
renewable sources (other than hydro and nuclear) increases in the 2005 to 2020 
period, starting at only about 0.3% in 2005 and reaching 6% of total generation by 
2020. These forms of electricity generation are assumed to be emissions free.  

Emissions-Intensive and Trade-Exposed Industries 

As shown in Tables 10 and 11, emissions in the emissions-intensive trade-exposed 
(EITE) industries (which include, among others, chemicals, pulp and paper, cement 
and iron and steel) are expected to experience modest growth as the economy 
recovers in 2010 and onwards. By 2020 emissions are projected to be 7 Mt lower than 
2005 levels, at 83 Mt.  

 

 

 

 

                                            

15 Note that four new coal fired plants are assumed to be constructed or refurbished with 
carbon capture capabilities in Saskatchewan. 
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Table 10 – Emissions-intensive and trade-exposed industries: emissions and drivers 

 2005 2010 2020 

Emissions (Mt CO2e) 90 75 83 

Gross Output of EITE sectors 
(1997 $billions) 139 121 134 

 

Emissions remain stable over the 2005 to 2020 projection period in most of the EITE 
subsectors, owing to modest growth and continued improvements in emission 
intensities. Emissions are expected to decrease in the pulp and paper and base metal 
smelting subsectors while mining is increasing.  

 

Table 11 – Emissions-intensive and trade-exposed industries: emissions by 
subsector (Mt CO2e) 
  

2005 2010 2020 

Absolute Change 

2005 to 2020 

Mining 6 8 8 2 

Smelting and Refining (Non-
ferrous metals) 

13 10 11 -2 

Pulp and Paper 9 7 6 -3 

Iron and Steel 20 14 19 -1 

Cement 12 10 12 0 

Lime & Gypsum 3 3 3 0 

Chemicals and Fertilizers 26 24 24 -2 

Total 90 75 82 -8 

 

 

 



Canada’s Emissions Trends 29 

Buildings 

Residential 

As shown in Table 12, greenhouse gas emissions from the residential sector (e.g., 
houses, apartments and other dwellings) are expected to remain stable between 2005 
and 2020.  

The number of households, which is a key driver of growth in residential sector 
emissions, is expected to increase by 2.8 million from 2005 to 2020 but residential 
emissions are almost flat throughout this period. This is largely due to federal and 
provincial measures aimed at increasing the energy efficiency of residential buildings 
(e.g., building code regulations and incentives/rebates for energy efficiency 
improvements).  

 

Table 12 – Residential sector: emissions and drivers 

 2005 2010 2020 

Emissions (Mt CO2e) 42 41 43 

Households (Millions) 12.1 13.0 14.74 

 

Service Industry 

Greenhouse gas emissions from Canada’s service industry are expected to increase by 
5 Mt from 2005 to 2020 to 48 Mt (Table 13), mainly as a result of expansion of 
commercial floor space. As in the residential sector, emissions growth in the 
commercial sector is significantly dampened by federal and provincial measures 
incorporated into this analysis, such as building code regulations, energy efficiency 
standards, and other programs. 

 

Table 13 – Commercial sector: emissions and drivers 

 2005 2010 2020 

Emissions (Mt CO2e) 43 38 48 

Floor space (Millions m2) 1106 1248 1552 
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Agriculture 

The agriculture sector produces emissions of three greenhouse gases: carbon dioxide, 
methane and nitrous oxide. Carbon dioxide emissions are released from fossil fuel 
combustion in farm machinery; methane emissions arise from livestock manure and 
ruminant animals; and nitrous oxide emissions arise from fertilizer usage, crops and 
manure and crop residue burning. Emissions from the agriculture sector are projected 
to decrease by 4 Mt from 69 Mt in 2010 to 65 Mt in 2020.    

Table 14 – Agriculture sector: emissions (Mt CO2e) 

 2005 2010 2020 

Agriculture16    

On-Farm Fuel Use 9 13 10 

Crop Production 19 22 22 

Animal Production 39 33 33 

Total  67 69 65 

 

Waste and Others 

This sector includes emissions from waste management as well as from non-emissions-
intensive industrial sectors. Emissions from this sector are projected to grow 
moderately, leading to emissions growth of 3 Mt between 2005 and 2020. 

Emissions from waste management arise from three sources: emissions from the 
decomposition of solid waste in landfill sites, emissions from wastewater treatment 
and incineration of waste. These emissions represent 6% of total GHG emissions in 
2010. For these emissions, population and households are the main drivers. Provincial 
measures aimed at recycling and emissions capture from landfill sites are projected to 
help keep emissions growth below the growth in population and household formation. 
Emissions from waste are projected to remain stable. 

Emissions from other industrial sectors represent a wide variety of operations and 
include construction, forestry as well as light-manufacturing facilities (e.g. food and 
beverage, and electronics) and coal production. These industries are projected to 
grow moderately, leading to emissions growth of 2 Mt between 2005 and 2020. 

 

                                            

16 Includes emissions not related to energy use such as methane from livestock manure and 
ruminant animals and nitrous oxide from fertilizer usage, crops and manure.   
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Table 15 – Waste and Others: emissions (Mt CO2e) 

 2005 2010 2020 

Waste & Others    

Waste 22 22 23 

Coal Production 2 5 3 

Light Manufacturing, Construction & 
Forest Resources 

23 23 25 

    

Total Waste and Others 48 50 51 
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Emissions by Province 

Emissions vary significantly by province, driven by diversity in population size, 
economic activities, and resource base among other factors. For example, provinces 
where the economy is oriented more toward resource extraction have more 
uncertainty around the timing of large projects and will tend to have higher emission 
levels whereas more manufacturing or service-based economies tend to have lower 
emissions levels. Electricity generation sources also vary, with provinces that rely on 
fossil fuels for their electricity generation having higher emissions than provinces that 
rely more on hydroelectricity. Table 16 shows the provincial/territorial distribution of 
emissions in absolute terms as well as their per capita emissions. 

The provinces oriented toward resources extraction and/or are highly reliant on fossil 
fuels for their electricity generation (i.e., Alberta, Saskatchewan, New Brunswick, and 
Nova Scotia) have per capita emissions above the national average. The provinces 
oriented toward manufacturing or services or are highly reliant on hydroelectricity or 
less emission intensive sources for their electricity generation (i.e., Quebec, British 
Columbia, Ontario, Newfoundland and Labrador and Manitoba) have per capita 
emissions below the national average.   

Table 16 – Provincial and territorial GHG and per capita emissions: 2005 to 2010  

 GHG Emissions (Mt CO2e) Per Capita Emissions (t/capita) 

 2005 2010 2005 2010 

British Columbia 63 56 15.0 12.4 

Alberta 232 236 69.8 63.4 

Saskatchewan 71 73 71.1 69.8 

Manitoba 21 20 17.9 16.3 

Ontario 206 172 16.4 13.0 

Quebec 86 82 11.4 10.4 

New Brunswick 22 18 29.8 24.5 

Nova Scotia 24 20 25.3 21.7 

Newfoundland 10 9 19.8 16.9 

Prince Edward Island 2 2 16.2 13.8 

Territories 2 2 21.9 18.8 

Canada 740 692 22.9 20.3 

Table 17 displays projected provincial and territorial greenhouse gas emissions from 
2005 to 2020. The projected emissions reflect a diversity of economic factors and 
government measures to reduce GHG emissions. These include public education 
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campaigns, energy efficiency and renewable electricity programs, greening 
government operations carbon taxes or levies (i.e., British Columbia, Alberta and 
Quebec), regulatory measures, and legislated renewable electricity targets.17 

It should be noted that the increase in emissions in British Columbia and Alberta are 
driven by large natural resource projects; oil sands in the case of Alberta and natural 
gas in the case of British Columbia. For the most part, the oil and natural gas 
production projections reflect the views of the National Energy Board outlook for 
projects in these provinces, but there is an intrinsic level of uncertainty as to the 
timing of them that affects the projected GHG emissions18. The decline in emissions 
from 2005 to 2020 in Saskatchewan, Ontario, New Brunswick and Nova Scotia are due 
in large part to government measures related to coal-fired electricity. 

Table 17 – Provincial and territorial GHG emissions: 2005 to 2020 (Mt CO2e) 

 2005 2010 2020 
Change  

2005 to 2020 

British Columbia 63 56 72 9 

Alberta 231 237 285 53 

Saskatchewan 71 73 64 -7 

Manitoba 21 20 21 0 

Ontario 206 172 167 -39 

Quebec 86 82 85 -1 

New Brunswick 23 19 17 -5 

Nova Scotia 24 20 17 -7 

Prince Edward Island 2 2 2 0 

Newfoundland 10 9 10 0 

Territories 2 2 3 1 

LULUCF   -25  

Canada 740 692 720 -20 

                                            

17 While provincial and territorial have announced a diverse range of measures, only measures 
which could be readily modeled or have an announced regulatory or budgetary dimension were 
modeled.  Aspirational goals and targets that were not supported by measureable, real and 
verifiable actions were not included. 

18 The growth in shale gas production in British Columbia has been reduced to reflect more 
recent market conditions. 
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Table 18 displays projected provincial and territorial per capita greenhouse gas 
emissions in 2020 and compares them to actual emissions in 2005 and 2010. Per capita 
emissions are projected to fall in all provinces in 2020, except for British Columbia and 
Alberta. British Columbia’s per capita emissions are projected to increase due to the 
pace of natural gas development. Despite this increase, British Columbia’s per capita 
emissions are projected to remain below the national average. 

 

Table 18 – Provincial and territorial per capita emissions: 2005 to 2020 

 2005 2010 2020 

British Columbia 15.0 12.4 14.3 

Alberta 69.8 63.4 63.6 

Saskatchewan 71.1 69.8 54.7 

Manitoba 17.9 16.3 15.1 

Ontario 16.4 13.0 11.7 

Quebec 11.4 10.4 10.0 

New Brunswick 29.8 24.5 21.8 

Nova Scotia 25.3 21.7 18.1 

Prince Edward Island  16.2 13.8 12.3 

Newfoundland 19.8 16.9 20.3 

Territories 21.9 18.8 26.8 

Canada 22.9 20.3 19.2 
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The Land Use, Land-Use Change and Forestry 
Sector 

Importance of the LULUCF Sector 
 
The United Nations Framework Convention on Climate Change (UNFCCC) has 
recognized the important role of the “land use, land-use change and forestry” 
(LULUCF) sector in addressing climate change. The LULUCF sector involves greenhouse 
gas (GHG) fluxes between the atmosphere and Canada’s managed lands, as well as 
those associated with land-use change. Globally, land-use change was responsible for 
estimated net carbon flux to the atmosphere of about 1.47 GtC in 2005. In 
comparison, global carbon dioxide (CO2) emissions from fossil-fuel burning and cement 
manufacture emitted about 8.09 GtC in 2005.19 
 
Land management activities can either act as a carbon dioxide sink (i.e., remove CO2 
from the atmosphere) or a GHG source (emit CO2 and other GHGs to the atmosphere). 
For example, afforestation, or planting trees on non-forest land, removes carbon from 
the atmosphere as the trees grow; but deforestation, or conversion of forest land to 
other land uses, will increase CO2 emissions due to decomposition or burning of the 
biomass.  

LULUCF is a particularly important sector for Canada given that 10% of the world’s 
forests are in Canada and our managed forest covers 229 million hectares, more than 
the managed forest of the entire European Union. Canada also has 47 million hectares 
of cropland. 

Over the last two decades, important changes have occurred in land management 
practices in Canada that have reduced CO2 emissions or enhanced their removals from 
the atmosphere. For example, farmers have increasingly adopted no-till practices and 
reduced summer fallow practices, thereby increasing the rate of soil carbon 
sequestration. Best practices have also been adopted by the forestry sector, primarily 
as a result of provincial policies and/or regulations in their areas of jurisdiction.  

Although these policies and regulations are aimed broadly at improving sustainability 
in the sector, they also reduce carbon emissions and increase sequestration. They 
include: relatively more reliance on tree planting as opposed to natural regeneration; 
more use of improved seed stock for tree planting; more and faster rehabilitation of 
harvest roads and landings; and adjustment in management practices to reduce soil 
compaction. Recently, economic factors have had a large impact on the forest sector 
which experienced a 43% decline in harvest levels between the peak year of 2004 and 
2009, resulting in the lowest harvest since 197520. 

                                            

19 Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department 
of Energy, Oak Ridge, Tenn., U.S.A. 
http://cdiac.ornl.gov/trends/landuse/houghton/houghton.html 

20 National Forestry Database Program, www.nfdp.ccfm.org. 

http://www.nfdp.ccfm.org/
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Accounting for the LULUCF Sector 

While GHG emissions from the LULUCF sector are included in Canada’s annual National 
Inventory Report, the sector was left out of Canada’s first national Emissions Trends 
report published in 2011, primarily as a result of technical challenges in forecasting 
emissions and removals from LULUCF and because accounting approaches for the 
sector had not yet been determined.  

A unique challenge in forecasting LULUCF emissions resides in addressing the effects of 
natural disturbances (e.g. wildfires, insect infestations such as the mountain pine 
beetle), which can result in significant variations in the annual emission and removal 
estimates but are very difficult to project. The impact of natural disturbances also 
makes it difficult to discern the effects of improved management practices. 

Environment Canada’s National Inventory Report, which is used to measure current 
Canadian GHG emissions, currently includes estimates of emissions and removals with 
natural disturbances. The National Inventory Report is submitted to the United Nations 
Framework Convention on Climate Change (UNFCCC) on an annual basis. 

The difficulties related to accounting for LULUCF emissions and removals are widely-
recognized in the international community. In particular, challenges related to natural 
disturbances have been the subject of considerable technical work over the past 
several years. Acknowledging that natural disturbances are out of human control, it 
was finally agreed at the 2011 UNFCCC Climate Conference in Durban, South Africa, 
that the impacts of natural disturbances can be removed in accounting for forest 
management in 2013 and thereafter. 

The UNFCCC guidelines for GHG inventory reporting were also updated in Durban to 
allow reporting estimates that better represent the direct effect of human activities, 
taking into account national circumstances. These new guidelines will come into effect 
for the 2015 National Inventory Report submission. Going forward, and on the basis of 
these new decisions, Canada will continue to explore options for revised reporting that 
provides a more accurate representation of emissions arising from human activities. 

In a spring 2012 submission to the UNFCCC, Canada, along with a number of other 
countries, stated its intent to include the LULUCF sector in its accounting of GHG 
emissions towards its 2020 target, noting that emissions and related removals resulting 
from natural disturbances would be excluded from the accounting. 

This 2012 Emissions Trends Report represents a key milestone for Canada in moving 
towards the inclusion of the LULUCF sector in projecting GHG emissions. While the 
estimates presented are preliminary in nature and will change as a result of ongoing 
efforts to improve data and methodology, as well as continued analysis of various 
approaches to accounting for LULUCF, they provide a solid first step toward 
understanding the underlying trends of LULUCF that will enable a policy discussion and 
the implementation of new measures to make further progress towards Canada’s GHG 
reduction goals. 
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Subsector Analysis 

Environment Canada, in partnership with Natural Resources Canada and Agriculture 
and Agri-Food Canada, has undertaken research and analysis over the past year to 
develop preliminary projections of LULUCF emissions and removals. Projected 
business-as-usual emissions and removals (i.e. in the absence of new policies that 
contribute to mitigation) have been estimated to 2020 for each of the following 
subsectors: forest management, cropland management, deforestation and 
afforestation21. Table 19 below shows preliminary results for each of the subsectors 
assessed.   

Table 19 – Projected emissions (+) or removals (-) from the LULUCF sector in 2020  

(In Mt of GHG 
emissions/removals) 

2020 Projected 
Emissions/ 
Removals 

2005 Estimate/ 
Reference Level 

Expected 
Contribution to 
2020 Emissions 

Forest Management -148.7 -122.6* -26.1 

Cropland Management -9.8 -10.0 +0.2 

Deforestation +13.8 +14.2 -0.4 

Afforestation -1.3 -0.6 -0.7 

Totals -146 -119 ≈-25** 
* For forest management, a 2020 reference level is used for comparison (explained in further 
detail below). 
** As a conservative estimate, the total is rounded down to 25 Mt, given that estimates are 
preliminary and will be revised as modeling methodology, accounting approaches and data are 
further refined. 

Each subsector’s contribution to Canada’s 2020 emissions reduction target is estimated 
using an accounting approach that compares projected business-as-usual 2020 
emissions/removals to 2005 emissions/removals, with the exception of forest 
management, where 2020 projected emissions/removals are compared to a 2020 
reference level.  

The rules agreed in Durban for LULUCF included a reference level for forest 
management, proposed by Canada, for the 2013 to 2020 period22. Canada’s reference 
level is consistent with data in the National Inventory Report and was derived by 

                                            

21 Cropland management projections have been modeled by Agriculture and Agri-Food Canada; 
Forest Management and Afforestation projections have been modeled by Natural Resources 
Canada, and Environment Canada developed projections for Deforestation based on analysis 
provided by Natural Resources Canada. 

22 Canada’s submission on its reference level for 2013-2020 is described in a submission to the 
UNFCCC at http://unfccc.int/bodies/awg-kp/items/5896.php. 

http://unfccc.int/bodies/awg-kp/items/5896.php
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assuming that future harvests in 2013 to 2020 would be the same as the average 
historical level between 1990 and 2009. As well, the reference level excluded all 
natural disturbance impacts after 2009, except a low background level expected to 
occur every year. As Canada’s target is focused on the single year of 2020, the 2020 
value used in constructing the reference level is used here. The reference level 
approach factors out highly variable natural disturbance impacts.   

In Durban, parties agreed to LULUCF accounting rules for the Kyoto Protocol’s second 
commitment period. Parties to the UNFCCC that will not take a second commitment 
period may follow these rules but are not bound to do so. The U.S., for example, in a 
submission to the UNFCCC in 2012, indicated it will include LULUCF when accounting 
for its 2020 target and that it will use a net-net approach for the LULUCF sector with a 
2005 base-year. Canada’s submission stated that LULUCF will be accounted for using 
either a 2005 base-year or a reference level.  

Given this context, Canada’s work to analyze alternative accounting approaches is 
ongoing, and adjustments to the accounting approach may be made in future 
Emissions Trends reports. In particular, alternative accounting approaches may need 
to be considered given that accounting approaches for LULUCF continue to vary 
internationally and there remains uncertainty with respect to future approaches under 
a proposed new climate change agreement beyond 2020. 

Subsector Emission Trends and Methodologies 

Further detail on Canadian emission trends and methodologies used are provided for 
each of the subsectors below: 

− Forest Management23. As per Table 19, the Forest Management subsector 
dominates the expected LULUCF contribution in 2020, as a result of declining 
harvest rates. Harvesting is the human activity with the most impact on 
emissions in the managed forest. Harvest levels declined by 43% between the 
peak harvest year of 2004 and a 35-year low in 2009 before recovering somewhat 
in 2010. Current projections suggest that harvests will remain below the recent 
average historical level used in estimating the reference level. The projected 
value for the forest management sink in 2020 is derived by using projected 
harvests to 2020 and assuming no natural disturbances from 2010 onward except 
a low background level expected to occur every year, compared with the 
reference level. 

− Cropland Management24. Due largely to the uptake of new farming practices 
(e.g. the increased adoption of no-till), soil carbon sequestration in Canada has 
increased over time from a rate of 1.5 Mt per year in 1990 to 1.3 Mt per year in 
2010 (NIR, 2012). Currently, most of the land where no-till makes economic 
sense is already using this practice, so there is limited scope for increased 
uptake. Furthermore, the potential for land that has been in no-till for a long 

                                            
23 The category of “forest management” includes only the area of forest managed for timber 
and non-timber resources (including parks) or subject to fire protection.   
24 Cropland management applies to land that is used for crop production as well as land 
temporarily not being used for crops. 
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time (i.e. in excess of 20 years) to sequester more carbon decreases over time. 
Therefore, while soils will continue to sequester carbon (at a projected rate of 
9.8 Mt in 2020), they will do so at a lower annual rate than in 2005 (when the 
rate was 10 Mt). Because accounting for emissions/removals for cropland 
management is on a net basis relative to 2005, this results in a small reduction in 
the overall LULUCF contribution in 2020. However, this does not indicate that a 
reversal of the stock of carbon in the soil has occurred. 

− Deforestation/Afforestation25. Current deforestation rates in Canada are 
estimated at 44,000 hectares per year, down from 65,000 hectares per year in 
1990. Part of the emissions due to deforestation occurs immediately upon the 
deforestation event, while the remaining emissions take place over subsequent 
years and decades. Deforestation emissions are projected to decline slightly to 
2020 relative to 2005, whereas afforestation removals are expected to increase 
as a result of a slow increase in the area planted since 1990 and growth of the 
trees. The circumstances surrounding deforestation activities in Canada are 
extremely varied and involve a wide range of economic sectors (agriculture, 
urban expansion, resource extraction). As such, projections presented in this 
report will be adjusted as a result of revised projections of economic growth and 
conditions for each of these sectors.   

Work is currently underway to also develop estimates for Peatland Management that 
will be added to next year’s LULUCF estimates.  

Contribution of the LULUCF Sector to 2020 Projected Emissions 

On the basis of preliminary estimates, the projected contribution of the LULUCF sector 
to achieving the 2020 target is approximately 25 Mt. This estimated contribution, 
while illustrative of the potential, may change as subsector projections are refined 
over time as a result of further analysis, new data, updated projections, or adjusted 
accounting approaches.   

As the Government of Canada works towards achieving its climate change objectives, 
it will consider, along with its provincial and territorial partners, policy actions to 
achieve further mitigation results from the LULUCF sector. Key LULUCF activities in 
Canada with potential for increasing mitigation benefits through reducing emissions or 
increasing removals include changing forest management practices, increasing 
afforestation, decreasing deforestation, enhancing agricultural practices that 
sequester carbon and possibly restoring managed peatlands. In addition to climate 
change mitigation, such efforts could positively impact other environmental or 
economic objectives. For example: 

                                            
25 The categories of deforestation and afforestation refer to a permanent change in the way 
that land is used.  Deforestation is the permanent conversion of forest land to other land uses 
such as agricultural land, transportation infrastructure, mines or urban areas.  Forest clearing 
due to harvesting is expected to be temporary and is not included in this category – it is 
included in forest management.  Conversely, afforestation is the permanent conversion of non-
forest land (usually agricultural land in Canada) to forest.   
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− Deforesting one hectare of forest emits on average approximately 300 tonnes of 
CO2e; policies aimed at reducing deforestation would have climate change 
benefits and could also address other environmental issues, such as biodiversity 
conservation.   

− Increased adoption of farming practices such as no-till will also provide long-term 
benefits to farmers by improving soil quality and reducing erosion while increasing 
soil carbon sequestration.   

− Mitigation practices such as increasing afforestation, reducing deforestation or 
restoring abandoned peatlands can also lead to creation and protection of wildlife 
refuges. 
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Emissions Intensity Improvements and Federal, 
Provincial and Territorial Actions 

Last year, Canada’s 2020 GHG emissions were projected to be 785 Mt in 2020. Since 
that time, there have been several key developments and GHG emissions are now 
projected to be 65 Mt lower at 720 Mt in 2020. This is despite the fact that GDP is 
projected to be slightly higher in 2020 in this year’s projection. This reduction in GHG 
intensity implies a greater decoupling of emissions and economic growth. 

As shown in Figure 4, while GDP growth is similar when compared with last year’s 
report, emissions growth is slower. While GDP is expected to grow approximately 2.3% 
per year between 2010 and 2020, GHG emissions are only expected to grow 0.4% per 
year over the period. This leads to a total emissions intensity improvement of 14% over 
the period – an increase over the 13% improvement in last year’s report.  

In addition to the inclusion of reductions associated with LULUCF, there are a number 
of factors contributing to the increased emissions intensity improvement. 

Figure 4 – Decoupling of GDP and GHG emissions – 2010 to 2020 

 

First, this year’s projections have a new, lower starting point as the most recent data 
show emissions were significantly lower in 2010 than previously estimated. Last year, 
emissions were estimated to be 710 Mt and since that time, preliminary data collected 
by Statistics Canada and assessed for the National Inventory Report put Canada’s 
actual emissions in 2010 at 692 Mt. Contributing factors to this change were lower 
than expected natural gas production and slower growth in some emissions-intensive 
sectors. 

Secondly, economic growth is projected to be slower in some emissions-intensive and 
light industry sectors. Projected sectoral shifts in the economy are contributing to the 
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improvement in emissions intensity. Compared to last year's report, projected growth 
for the EITE sectors, specifically iron and steel and pulp and paper, is now lower, 
while it is now higher for the service industries which are less emissions intensive. GDP 
in Canada’s services industry, where emissions intensity is low, increases as a share of 
the total. This reduces projected emissions in 2020, even though total GDP is 
projected to be slightly higher. 

 

Table 20 – Selected industries’ share of GDP in 2020 (%) 

 

2011 Trends 2012 Trends 
Change from last 

year’s report 

Electricity 1.7 1.9 +0.2 

Oil and Gas 2.5 2.6 +0.1 

Emissions-Intensive Trade- 
Exposed Industries 4.2 3.9 -0.3 

Light Industry 18.7 17.8 -0.9 

Agriculture 1.3 1.4 +0.1 

Total Goods 28.5 27.6 -0.9 

Total Services 71.5 72.4 +0.9 

Thirdly, progress is being made to reduce emissions. Supported by existing government 
measures, there is greater response from consumers and businesses to reduce 
emissions. Emissions are also declining with additional federal, provincial and 
territorial measures. In addition, additional federal emissions regulations for light-duty 
vehicles for the 2017-2025 period as well as heavy-duty vehicle regulations were 
included as well as recent provincial actions (e.g., Quebec’s cap-and-trade, Nova 
Scotia’s emissions cap for electric utilities, increased stringency of building energy 
codes, equipment standards and requirements for capturing methane from landfill 
gas). Additional details on these existing federal and provincial measures are provided 
in Annex 1. 

More work is required to achieve the reductions required to meet the Canadian target. 
Work is underway that will lead to additional reductions. As the government advances 
additional measures under its climate change plan, future emission reductions will 
continue to accumulate, thereby pushing projected emissions in 2020 down towards 
the levels required to meet the 2020 target. For example, the Government of Canada 
is currently working in partnership with the oil and gas industry to regulate greenhouse 
gas emissions. Once the details of these measures have been announced and they are 
taken into account in the baseline scenario, projected emissions in 2020 will decline 
further below the projected levels shown here. Similarly, once additional measures in 
other sectors and additional provincial actions are announced and taken into account, 
projected emissions in 2020 will decline even further. 
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Annex 1 

Baseline Data and Assumptions 

Key Economic Drivers and Assumptions 

Many factors influence the future trends of Canada’s greenhouse gas emissions. These 
key factors include the pace of foreign and domestic economic growth as well as its 
composition, population and household formation, energy prices (e.g., world oil price 
and the price of refined petroleum products, regional natural gas prices, and 
electricity prices), technological change, and policy decisions. Varying any of these 
assumptions could have a material impact on the emissions outlook.  

In constructing the emissions projections, Environment Canada developed alternative 
views of changes in key drivers (e.g., world oil price, the pace of economic growth) 
that result in a range of plausible emissions growth trajectories. The baseline 
emissions projections scenario represents the mid-range of these variations, but 
remains conditional on the future path of the economy, world energy markets and 
government policy. The assumptions and key drivers are listed in this section. 
Alternative cases are explored in the sensitivity analysis in Annex 2 of the paper.  

The emissions projections baseline scenario is designed to incorporate the best 
available information about economic growth as well as energy demand and supply 
into the future. The projections capture the impacts of future production of goods and 
services in Canada on greenhouse gas emissions.   

Economic assumptions are based on the Government of Canada’s short-term economic 
outlook contained in Finance Canada’s Budget 2012 private sector economic survey. 
Long-term economic projections were developed using The Informetrica Macro-
Economic Model (TIM) and are tuned to productivity growth projections and Statistics 
Canada’s population growth projections. With respect to major energy supply project 
assumptions, Environment Canada typically adopts either the National Energy Board or 
Natural Resources Canada’s view regarding the evolution of Canada’s energy supply 
sector. For the emissions outlook in this report, forecasts of major energy supply 
projects are based on the National Energy Board’s Fall 2011 Outlook, as their 
assumptions reflect their most recent views regarding the evolution of Canada’s 
energy supply sector.   

The projections also incorporate data from the National Inventory Report 1990-2010: 
Greenhouse Gas Sources and Sinks in Canada, the National Energy Board, and the U.S. 
Energy Information Administration for the latest information on key parameters. 
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Economic Growth 

Canadian real gross domestic product (GDP) in 2010 was an estimated $1,146 billion 
($1997). This represents an average annual real GDP growth rate of about 2.4% over 
the twenty previous years. 

The short-term economic outlook underlying the emissions reference case is grounded 
in the GDP growth forecast contained in Budget 2012. The Department of Finance 
regularly surveys private sector economic forecasters on their views on the outlook for 
the Canadian economy. The economic forecasts reported in this fiscal update, and 
which also form the basis of the department’s fiscal forecasts, are based on a survey 
from March 2012 and includes the views of 14 private sector economic forecasters26.   

The Canadian economy is expected to show strong growth of about 3.1% per year to 
2014. This growth is expected to continue at a slightly slower pace into the future, as 
annual rate of growth in real GDP decreases to approximately 1.8% in the period 2014 
to 2020. 

 

Table A.1.1 – Macroeconomic assumptions: 1990-2020 average annual growth 
rates (%) 

 1990-2005 2005-2010 2010-2020 

Gross Domestic Product  2.8% 1.2% 2.3% 

Industrial Gross Output  2.8% 0.8% 2.3% 

Real Disposable Personal Income 1.6% 4.2% 2.4% 

Consumer Price Index 2.1% 1.6% 1.8% 

Gross output, which is a proxy for industrial production, is also projected to show 
significant growth. It is expected to increase by about 16% by 2015 and 26% by 2020, 
relative to 2010 levels.   

The growth in the labour force and changes in labour productivity influence the 
changes in Canada’s real gross domestic product (GDP). For example, the slowing 
growth in the labour force contributes to a reduced GDP growth rate after 2014. The 
deceleration of the GDP growth rate is, however, not as pronounced as that of the 
labour force, as labour productivity is expected to increase owing to higher capital 
formation. Labour productivity is expected to increase on average by 1.4% per year 
between 2010 and 2020. 

 

 

                                            

26 http://www.budget.gc.ca/2012/plan/chap2-eng.html#a22 
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Population Dynamics and Demographics 

The population size and its characteristics (e.g., age, sex, education, household 
formation, among others), and their evolution through time, have important impacts 
on energy demand. Canada’s overall population is projected to grow on average at an 
annual rate of 1% between 2010 and 2015, slowing to 0.9% between 2015 and 2020. 
Major demographic factors that can have measurable impacts on energy consumption 
are summarized below: 

• Household formation. This is the main determinant of energy use in the 
residential sector. The number of households are expected to increase on 
average by 1.3% per year between 2010 and 2015, and by 1.2% between 2015 
and 2020. 

• Labour force. This is expected to have a decelerating growth rate, reflecting 
the aging population. Its annual average growth rate is expected to be 1.1% 
between 2010 and 2015 falling to 0.6% between 2015 and 2020. 

• Population of driving age. This is an important factor in determining gasoline 
and diesel consumption. It is expected to increase on average by 1.1% per year 
between 2010 and 2015, by 0.9% between 2015 and 2020. 

 

World Crude Oil Price 

A major factor in projected greenhouse gas emissions is the assumption made about 
future world oil prices. Canada is a price taker in crude oil markets as its shares of 
world oil production and consumption are not large enough (4% and 2% respectively) to 
significantly influence international oil prices. West Texas Intermediate (WTI) crude 
oil is used as an oil price benchmark. North American crude oil prices are determined 
by international market forces and are most directly related to the WTI crude oil price 
at Cushing, which is the underlying physical commodity market for light crude oil 
contracts for the New York Mercantile Exchange (NYMEX). WTI crude has an American 
Petroleum Institute gravity27 (API) of 40 degrees and a sulphur content of less than 
0.5%. It should be noted that the increase in North American supply and the resulting 
transportation bottleneck at Cushing have created a historic disconnect between the 
WTI and Brant. As such, the North American oil market is currently being priced 
differently from the rest of the world. 

The emissions outlook’s reference case is anchored by the world oil price assumptions 
developed by the National Energy Board. According to the National Energy Board, the 
world crude oil price for WTI is projected to increase slightly from about US$80/bbl in 
2010 to about US$102/bbl in 2020.  A higher price scenario, in which 2020 prices are 
US$142/bbl, is used for sensitivity analysis. Under the higher price case, greenhouse 
gas emissions are expected to be lower.   

                                            

27 API gravity is a measure of how heavy or light a petroleum liquid is compared to water. 
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Figure A.1.1 – Crude oil price: WTI, Western Canada Select and Alberta Heavy ($US 
2010/bbl) 

 

 

Figure A.1.1 shows crude oil prices for light crude oil (WTI), for Western Canadian 
Select, which is a Hardisty based blend of conventional and oilsands production 
managed by Canadian Natural Resources, Cenovus Energy, Suncor Energy, and 
Talisman Energy and for Heavy oil. As shown in Figure A1.4, historically the price of 
heavy oil/bitumen has followed the light crude oil price (WTI), but at a discount of 
between 50 and 60%. However, in 2008 and 2009 the differentials between the prices 
of light and heavy crude oils narrowed significantly owing to a global shortage of 
heavier crude oil supply. The bitumen/light-medium differential averaged 22% over 
the 2008 to 2009 period, compared with 44% over the five-year average from 2003 to 
2007.   

Alberta’s Energy Resources Conservation Board expects the bitumen/light-medium 
differential to average 26% over the forecast period, compared with the five-year 
average of 36% and the 2009 average of 17%.28 Using this price difference, the Western 
Canada Select price is increasing slightly from about US$60/bbl in 2010 to about 
$US$87/bbl in 2020. 

                                            

28 http://www.ercb.ca/docs/products/STs/st98_current.pdf 
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As shown in Figure A.1.2, the Henry Hub price for natural gas in Alberta (the 
benchmark for Canadian prices) declined in 2010 to about four Canadian dollars per 
gigajoule (GJ). In the projection, it begins to recover to reach about six Canadian 
dollars per GJ by 2020, still well below its peak of almost $10 in 2005. This reflects the 
National Energy Board’s assumptions regarding pipeline expansions (e.g., Mackenzie 
and the Alaska pipelines). 

Figure A.1.2 – Henry Hub natural gas price ($CDN 2010/GJ) 

 

 

Energy Production 

Historically, growth has occurred in all areas of oil and gas production, with over half 
the growth coming from natural gas production. However, our projections show that 
both natural gas and conventional oil production will decrease over time as a result of 
declining supply, but that the projected increase in production from oil sands 
operations will more than make up for this decline. As such, under assumed prices and 
absent further government policy actions, it is expected that from 2010 to 2020 oil 
sands in situ production will almost triple and oil sands mining production will increase 
by 50% (see Table A.1.2, below).   
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Table A.1.2 – Crude oil production 

Thousand Barrels Per Day 2005 2010 2020 

Crude and Condensates       

       Conventional Heavy   526 425 363 

       Conventional Light      511 512 524 

       C5 & condensates         173 148 137 

       Frontier Light (offshore + northern) 324 291 225 

       Oil Sands – Primary 150 194 211 

       Oil Sands – In-situ 286 563 1607 

SAGD 82 319 1267 

CSS 204 244 340 

       Oil Sands Mining 628 857 1445 

Total Production (gross)       2,598 2,990 4,512 

 

Table A.1.3 illustrates oil sands disposition. There are two main products from oil 
sands production: synthetic crude oil (or upgraded bitumen) and non-upgraded 
bitumen, which is sold as heavy oil. Synthetic crude oil production (A.1.3) from 
Alberta is projected to increase from about 794,000 barrels per day in 2010 to about 
1.29 million barrels per day by 2020. Synthetic crude oil from Saskatchewan is 
projected to remain constant at 70,000 barrels per day. Non-upgraded bitumen will 
increase from 612,000 barrels per day in 2010 to 1.69 million barrels per day by 2020. 
This non-upgraded bitumen is either sold as heavy oil to Canadian refineries or 
transported to U.S. refineries for upgrading to refined petroleum products.  
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Table A.1.3 – Oil sands disposition 

Thousand Barrels Per Day 2005 2010 2020 

Synthetic – Alberta                         546 794 1,288 

Synthetic – Saskatchewan                          64 70 70 

Non-upgraded Bitumen                          368 612 1,694 

Oil Sands (net) 978 1,476 3,052 

Own use 86 138 211 

Oil Sands (gross) 1,064 1,614 3,263 

 

Projections show gross natural gas production will decline modestly to some 4.7 TCF in 
2020, as new production and non-conventional sources such as shale gas and coal-bed 
methane come to market29 to offset conventional declines.  

 

Table A.1.4 – Natural gas production 

Billion Cubic Feet 2005 2010 2020 

Supply30    

       Gross Production  6,951 5,868 4,711 

       Own-use Consumption 689 648 493 

Marketable Gas  6,262 5,221 4,219 

        Imports  346 828 828 

Total Supply 6,608 6,049 5,047 

 

                                            

29 For the purposes of this document, shale gas development has been included under natural 
gas production. As more data and information on likely shale gas production trends become 
available, consideration will be given to modeling shale gas separately. 

30 For the most part, the oil and natural gas production projections reflect the views of the 
National Energy Board outlook for projects in these provinces. However, some adjustments 
have been made to reflect more recent market conditions.  For example, the growth in shale 
gas production in British Columbia has been reduced. 
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The emissions outlook reflects plans by provincial and territorial utilities with respect 
to key electricity capacity expansions.   

Taking into account these provincial utility expansion plans, plus additional units 
forecast to be built by Environment Canada’s Energy, Emissions and Economy Model 
for Canada (E3MC) to meet growth in electricity demand, aggregate electricity 
generation is also expected to increase substantially, by about 13% from 2010 to 2020, 
with fuel mix changes as generation increases. Table A.1.5 describes, that the 
proportion of generation coming from wind power and other renewable sources is 
expected to increase from 2005 to 2020, starting at only about 0.3% in 2005 and 
reaching 6% of total generation by 2020. Importantly, though, the proportion of 
natural gas-fired generation is projected to double its 2005 levels. 

Government actions, such as the introduction of the Electricity Performance Standard, 
will cause fuel switching in the overall electricity generating portfolio. As noted 
above, it is expected that natural gas-fired generation will double its 2005 levels by 
2020, because of its appeal as a relatively cleaner source of power generation and a 
reliable means to cover peak loads. The lower natural gas price also makes it an 
affordable choice. Coal and petroleum coke generation fall from 18% of the generation 
in the Canadian portfolio in 2005 to 10% in 2020.  

 

Table A.1.5 – Electricity generation by fuel  

TWh 2005 2010 2020 

Coal and Petroleum Coke 105 79 61 

Refined Petroleum Products 12 5 5 

Natural Gas 22 30 47 

Hydro 329 321 362 

Nuclear 87 86 87 

Other Renewables 2 9 34 

Total Generation 557 529 598 
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Emissions Factors 

Table A.1.6 provides a rough estimate of carbon dioxide emitted per unit of energy 
consumed by fossil fuel type. These numbers are estimates, as specific emission 
factors can vary slightly by year, sector, and province. 

Table A.1.6 – Mass of carbon dioxide emitted per quantity of energy for various 
fuels 

Fuel name CO2 eq. 
emitted 

(g/106 Joules)  

Natural gas 49.7 

Liquefied petroleum gas 61.0 

Non-marketable natural gas 66.5 

Propane 59.8 

Aviation gasoline 69.6 

Automobile gasoline 67.6 

Kerosene 67.3 

Light fuel oil 70.3 

Heavy fuel oil 74.0 

Tires/tire-derived fuel 80.8 

Wood and wood waste 031  

Coal (bituminous) 88.1 

Coal (subbituminous) 91.6 

Coal (lignite) 92.4 

Petroleum coke 86.4 

Coal (anthracite) 97.6 

 

                                            

31 While the emissions intensity of burning wood is 81.3 g/106 Joules, biofuels such as wood can 
be considered carbon-neutral since carbon dioxide was absorbed from the atmosphere as the 
trees were growing.  
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Federal, Provincial and Territorial Measures 

Since 2006, the Government of Canada has invested more than $11.5 billion to reduce 
greenhouse gas emissions through investments in green infrastructure, energy 
efficiency, clean energy technologies and the production of cleaner energy and 
cleaner fuels. These include expenditures through the eco-action initiatives, clean 
energy fund, green infrastructure fund, transit pass program, marine shore power 
program, biofuels and bioproducts initiatives and programs, national vehicle scrapping 
program, and initiatives such as the National Renewable Diesel Demonstration 
Initiative – to name just a few.  

In addition, regulations are being enacted to reduce emissions from key sources, and 
joint initiatives and investments have been undertaken with the provinces and 
territories to assist them in addressing their unique challenges and to facilitate 
coordinated approaches.  

Table A.1.7 below identifies the major federal, provincial and territorial measures 
that are included in the Canada’s Emissions Trends’ reference case. It includes federal 
measures that have been implemented or announced in detail as of May 2012. Where 
program funding is set to end, the projections assume that the impacts of these 
programs, other than those embodied in consumer behaviour, cease when the 
approved funding terminates. 

The analysis also includes existing provincial and territorial measures. Environment 
Canada monitors provincial/territorial initiatives, and strives to take them into 
account in its analysis and modeling (for the purposes of this report, provincial 
measures announced and fully implemented as of May 2012 have been included 
wherever possible).   

While the emissions outlook’s baseline scenario includes those existing measures that 
have been implemented or announced in specific detail, it does not take into account 
the impact of broader strategies or future measures within existing plans where 
significant details are still under development.     

The federal government’s climate change plan involves the development of measures 
to address emissions on a sector-by-sector basis, and some measures under 
development as part of this plan have not yet been included in the baseline scenario: 
for example, the government has committed to regulate the emissions of the Oil and 
Gas sector, but the details of the regulations are under development, so this measure 
is not yet included.     

Similarly, broad provincial policy initiatives such as the B.C. Energy Plan, Manitoba’s 
Beyond Kyoto plan, and under the Western Climate Initiative provincial 
announcements where the structure of the trading regime has yet to be released, are 
not taken into account in the baseline scenario.   

Some of the key existing federal measures that have been taken into account in the 
baseline scenario include:  

1. Performance Standard for Coal-Fired Electricity Generation – In June 2010, the 
Government announced its intention to regulate coal-fired electricity generation. 



Canada’s Emissions Trends 53 

The regulations impose a performance standard on new coal-fired electricity 
generation units and those units that have reached the end of economic life. The 
new regulations, which are scheduled to take effect in 2015, will encourage 
electric utilities to transition towards lower- or non-emitting types of generation. 
The proposed regulations send a critical signal to industry in advance of expected 
significant capital stock turnover. By affecting capital investment decisions now, 
the regulations will help avoid a legacy of higher-emitting facilities being built. 
The gradual phase-out of old and dirty coal units is expected to significantly 
reduce emissions from the electricity generation sector and improve air quality for 
all Canadians.  

2. Passenger Automobile and Light Truck Greenhouse Gas Emission Regulations – In 
October 2010, the Government published its final Passenger Automobile and Light 
Truck Greenhouse Gas Emission Regulations, which establish progressively 
stringent standards, harmonized with the U.S., for GHG emissions from new cars 
and light trucks for the 2011 to 2016 model years. The Government also published 
a Notice of Intent for “phase 2” of the regulations to develop more stringent GHG 
emissions standards for light-duty vehicles of model years 2017 to 2025. 

3. Renewable Fuels Regulations – In 2006, as part of the Renewable Fuels Strategy, 
the Government of Canada announced its intention to regulate an annual average 
renewable fuel content of 5% in gasoline by 2010, and in a second phase, a 2% 
requirement for renewable content in diesel fuel and heating oil by 2011. The 
Strategy’s two regulatory requirements combined with provincial regulations will 
ensure a total volume of renewable fuel that will reduce annual greenhouse gas 
emissions by up to four Mt – about the equivalent of taking one million vehicles off 
the road. 

4. Energy efficiency regulations, codes and standards for buildings and homes – The 
Government continues to update and strengthen energy efficiency standards for 
products under the Energy Efficiency Act and is working with provinces to update 
the National Energy Code for Buildings. These actions, combined with targeted 
incentive programs, have proven to be effective at reducing energy use and GHG 
emissions in this sector. 
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Table A.1.7 – GHG: measures reflected in projections (policies in place as of Spring 2012) 

Provincial/Territorial Measures Federal Measures 

Alberta: 
- Alberta’s Specified Gas Emitter’s 

Regulation (SGER)  

B.C.: 
- BC Carbon Tax (update to $30/tonne) 
- Energy Efficiency Programs ** 
- Low Carbon Fuel Standards (under 

WCI)32** 
- Appliance Efficiency and Building 

Standards (under WCI)** 

Manitoba : 
- Low Carbon Fuel Standards (under 

WCI)** 
- Appliance Efficiency and Building 

Standards (under WCI)** 

Nova Scotia : 
- Nova Scotia’s Cap on Electricity Sector 

GHG Emissions 
- Nova Scotia’s 40% Renewable 

Requirement 
- Nova Scotia’s Air Quality Regulations  

Ontario : 
- Ontario Coal Fired Phase Out  
- Ontario Feed-In-Tariff Energy Efficiency 

Standards  
- Ontario’s Appliance Efficiency, Building 

Standards and Retrofits**  
- Energy Efficiency Programs ** 
- Low Carbon Fuel Standards (under 

WCI)** 
- Appliance Efficiency and Building 

Standards (under WCI)** 

- 5% Renewable Fuel Content Regulation for 
Gasoline  

- 2% Renewable Fuel Content Regulation for 
Diesel fuel and Heating Oil 

- Light-Duty Vehicle Greenhouse Gas 
Emissions Regulations (2011-2016) 

- Electricity Performance Standard for Coal 
Fired Generation 

- Strengthened Energy Efficiency Standards  
- Eco-Initiatives: 

o ecoENERGY for Renewable Power 
o ecoENERGY Retrofit Initiative 
o ecoENERGY for Buildings and 

Houses 
o ecoENERGY for Industry 
o ecoFreight Program 
o ecoTechnology for Vehicles 

Program 
o ecoENERGY for Fleets 
o ecoMobility 
o ecoENERGY for Renewable Heat 
o ecoAUTO Rebate Program  
o ecoENERGY for Personal Vehicles 

Initiative 
o ecoENERGY for Biofuels Initiative  
o ecoAGRICULTURE Biofuels Capital 

Initiative  
o ecoENERGY Technology Initiative 

 
- Public Transit Tax Credit  
- Marine Shore Power Program (2007-

2012)/Shore Power Technology for Ports 
Program (2012-2015) 

- Technology Development and Deployment 
- Energy efficiency regulation, codes and 

standards for buildings and homes 

                                            

32 ** Western Climate Initiative (WCI) and revised/enhanced complementary policies are included in 2012 BAU; Apply to 
BC, MB, ON, QC. 
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Quebec : 
- Quebec’s Cap and Trade 
- Quebec’s Carbon Levy 
- Low Carbon Fuel Standards (under 

WCI)** 
- Appliance Efficiency and Building 

Standards (under WCI)* 

Additional Provincial Policies – Trends 2012 Additional Federal Policies – Trends 2012 

Alberta: 
- Landfill gas regulations (BC, ON, AB) 
- Alberta Flaring and Venting emission 

control policy 
o Alberta ERCB Directive 60 

BC: 
- BC Clean Energy Act 
- Landfill gas regulations (BC, ON, AB) 
- BC Oil and Gas Commission’s Flaring, 

Incinerating and Venting Reduction 
Guideline 

- Building Code Regulations and updates 
(BC, NS, NFLD, QC) 

o Regulations requiring 
implementation of National 
Emission Standard CSA B415 
(USA EPA standards)  

- Marine Shore Power Program 

Manitoba: 
- Venting and flaring requirements in 

permitting processes (MB, NFLD) 

New Brunswick 
- Renewable portfolio standard 

Newfoundland & Labrador: 
- Venting and flaring requirements in 

permitting processes (MB, NFLD) 
- Building Code Regulations and updates 

(BC, NS, NFLD, QC) 
o Regulations requiring 

implementation of National 
Emission Standard CSA B415 

- Passenger Automobile And Light Truck 
Greenhouse Gas Emission Regulations 
2017-2025 

- Heavy Duty Vehicle GHG Emission 
Regulations 

- BLIERs (may indirectly affect GHGs) 
- Marine spark-ignition engine and off-road 

recreational vehicle emission regulations 
- Regulations Amending Off-road 

Compression-Ignition Emission Regulations 
- National Action Plan on Ozone-depleting 

substances (ODS) and their Halocarbon 
Alternatives  

- Environmental Code of Practice for 
Elimination of Fluorocarbon Emissions 
from Refrigeration and Air Conditioning 
Systems  
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(USA EPA standards)  

Nova Scotia: 
- Building Code Regulations and updates 

(BC, NS, NFLD, QC) 
o Regulations requiring 

implementation of National 
Emission Standard CSA B415 
(USA EPA standards)  

Ontario: 
- Landfill gas regulations (BC, ON, AB) 

Saskatchewan: 
- Saskatchewan Energy and Resources 

Guide S-10/S-20 “Gas Conservation 
Standards, and Upstream Flaring and 
Incineration Specifications” 

Quebec:  
- Quebec regulation related to maximum 

sulphur content for heavy fuel oil 
- Building Code Regulations and 

updates(BC, NS, NFLD, QC) 
o Regulations requiring 

implementation of National 
Emission Standard CSA B415 
(USA EPA standards)  

- Quebec new standard for large heaters 
and boilers 

- Marine Shore Power Program 
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Table A.1.8 – Announced 2020 GHG reduction targets of provincial governments 
(only announced and implemented measures under these targets are included in 
projections) 

Province/Territory Target 

British Columbia 

Alberta 

Saskatchewan 

Manitoba 

Ontario 

Quebec 

New Brunswick 

Nova Scotia 

Newfoundland33 

Prince Edward Island34 

33% below 2007 

50 Mt below BAU  

20% below 2006 

15% below 2005 

15% below 1990 

20% below 1990 

10% below 1990 

10% below 1990 

10% below 1990 

10% below 1990 

                                            

33 Under the auspices of the Conference of New England Governors and Eastern Canadian 
Premiers (NEG-ECP) partnership, the four Atlantic provinces have committed to a regional goal 
of achieving 10% below 1990 levels by 2020.   

34 Prince Edward Island has not established its own official provincial emissions reduction 
target, so the common NEG-ECP target is applied for the purposes of this analysis. 
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Annex 2  

Alternate Emissions Scenarios 

Emissions projections are subject to uncertainty, and are most appropriately viewed as 
a range of plausible outcomes. Many of the events that shape emissions and energy 
markets cannot be anticipated. In addition, future developments in technologies, 
demographics, and resources cannot be foreseen with certainty. Typically, these key 
uncertainties are addressed through alternative cases. 

The sensitivity analysis presented here focuses on two key uncertainties: 

• The growth of the economy 

• The evolution of world oil prices and their impacts on macroeconomic growth 
and energy consumption 

The emissions outcomes of these alternative cases are presented as stand-alone and in 
combinations in Table A.2.1. These alternative cases explore the interaction of energy 
markets and economic growth, and their impact on emissions, under a range of 
assumptions. As such, they show the resulting emissions relative to the baseline 
scenario excluding LULUCF (745 Mt). 

The higher GDP case assumes stronger economic growth in the goods producing sector. 
By 2020, Canadian GDP in the high GDP case is some 34% higher than 2010 levels, 
compared with 26% higher in the baseline scenario.  

By 2020, Canadian GDP in the low GDP case is some 17% higher than 2010 levels, 
compared with 26% higher in the baseline scenario.  

In the baseline scenario, the world oil price is projected to grow from $79/bbl ($US) in 
2010 to $102/bbl ($US) in 2020. A higher price scenario, in which 2020 prices are 
$142/bbl ($US), is used alone and in combination with different GDP growth 
assumptions. A low price scenario is also included where the world oil price remains 
fairly stable at $72/bbl ($US) after 2015. 

Greenhouse gas emissions in the fast GDP growth scenario are about 11% higher in 
2020 than 2010 levels. This compares with 8% higher emissions in the baseline scenario 
over the same period. As economic activity increases, there will unquestionably be a 
higher demand for energy and a corresponding increase in emissions. In contrast, 
emissions are expected to be much lower if the Canadian economy grows at a slower 
pace. When combined with high oil prices, emissions could be some 1.8% higher than 
2010 levels by 2020. Expected growth of the economy is the primary driver of 
expected emission growth. Any variation in this path will lead to a different set of 
projections about expected future emissions.  
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Table A.2.1 – Sensitivity analysis – Change in GDP and/or world oil /natural gas 
prices 

Cases GHG emissions (in Mt CO2 e. – Excluding LULUCF) 

 2015 2020 

Slow GDP 705 718 

Fast GDP 733 771 

Low World Oil Prices 729 741 

High World Oil Prices 706 732 

Slow GDP – Low World Oil Prices 714 714 

Slow GDP – High World Oil Prices 692 705 

Fast GDP – Low World Oil Prices 743 770 

Fast GDP – High World Oil Prices 718 756 

Baseline Scenario 719 745 

Sensitivity Results 692 – 743 705 – 771 

 

The growth in emissions is expected to slow down as the world price of oil increases 
since overall economic activity would decline as the price of oil rose. However, the 
increase in price drives higher production in the oil and gas sectors which generally 
offsets this effect. Emissions from the oil and gas sector in the high world oil price 
case rise by 69 Mt from 2010 to 2020; whereas they only rise by 50 Mt in the baseline 
scenario and by 34 Mt in the low price scenario.   

The range in total projected emissions from all scenarios rises as we extend our 
projection further into the future. As a result of the assumptions made about the 
growth in Canadian GDP and the future world oil price, in 2020 the range is 66 Mt.  

Under all scenarios over the forecast period, emissions are expected to grow the 
fastest in oil sands extraction and upgrading. Electricity generation and the 
conventional oil and gas sectors are projected to see an emissions decrease. Emission 
changes in the transportation sector show a deceleration from the long-term growth 
trend in all scenarios.  

The oil sands sector displays the fastest growth in emissions, but it also displays the 
greatest range of uncertainty about future emissions depending on the assumptions 
used. Emissions could rise by as much as 82 Mt – or as little as 54 Mt – over the 2005 to 
2020 period. The baseline scenario projects that oil sands emissions would increase by 
73 Mt. 



Canada’s Emissions Trends 60 

Annex 3  

Methodology for Development of Emissions Scenarios 

The scenarios developed to support Environment Canada’s GHG emissions projections 
derive from a series of plausible assumptions regarding, among others, population and 
economic growth, prices, demand and supply of energy, and the evolution of energy 
efficiency technologies. The projections also assume no further government actions to 
address greenhouse gas emissions beyond those already in place or imminently pending 
as of May 2012.   

The emissions projections presented in this report cannot be viewed as a forecast or 
prediction of emissions at a future date. Rather, this report presents a simple 
projection of the current structure and policy context into the future, without 
attempting to account for the inevitable but as yet unknown changes that will occur in 
government policy, energy supply, demand and technology, or domestic and 
international economic and political events.  

The emissions projections have been developed in line with generally recognized best 
practices. They incorporate IPCC standards for estimating greenhouse gas emissions 
across different fuels and processes, rely on outside expert views and the most up-to-
date data available for key drivers such as economic growth, energy prices, and 
energy demand and supply, and apply an internationally recognized energy and 
macroeconomic modelling framework in the estimation of emissions and economic 
interactions. Finally, the methodology used to develop the projections and underlying 
assumptions has been subject to peer review by leading external experts on economic 
modelling and greenhouse gas emissions projections, as well as vetted with key 
stakeholders. 

The approach to developing Environment Canada’s Emissions Trends involves three 
main features: 

• Using the most up-to-date statistics on GHG emissions and energy use, and 
sourcing key assumptions from the best available public and private expert 
sources.  

• Developing scenarios of emissions projections using a detailed, proven Energy, 
Emissions and Economy Model for Canada. 

• Consulting with industry experts on results. 

 

Up-to-date Data and Key Assumptions 

Each year, Environment Canada updates its models using the most recent data 
available from Statistics Canada’s Report on Energy Supply-Demand and Environment 
Canada’s National Inventory Report. For these projections, the most recent historical 
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data available were for 2010. For the first time, emissions for Environment Canada’s 
projections and historical data in the NIR are aligned based by economic sector.  

In addition to the most recent historical information, the projections are based on 
expert-derived expectations of key drivers (e.g. world oil price). These assumptions 
are based on the latest energy and economic data, with key modeling assumptions 
aligned to Government of Canada views: 

• National Energy Board views on energy prices and large scale energy projects 

• Economic growth from Finance Canada’s Budget 2012 Update of Economic and 
Fiscal Projections 

• Statistics Canada’s population growth projections 

• Productivity growth projections  

Even with the benefit of external expert assumptions, there is considerable 
uncertainty surrounding energy price and economic growth assumptions, particularly 
over the medium- to long-term. As such, a range of emissions is presented 
representing a series of sensitivity analyses. These cases were based on high and low 
GDP growth as well as high and low oil prices and productions levels. 

 

Energy, Emissions and Economy Model for Canada  

The projections presented in this chapter were generated from Environment Canada’s 
Energy, Emissions and Economy Model for Canada, also known as E3MC.   

E3MC has two components: Energy 2020, which incorporates Canada’s energy supply 
and demand structure, and The Informetrica Model (TIM), a macroeconomic model of 
the Canadian economy. 

• Energy 2020 is an integrated, multi-region, multi-sector North American model 
that simulates the supply, price and demand for all fuels. The model can 
determine energy output and prices for each sector, both in regulated and 
unregulated markets. It simulates how such factors as energy prices and 
government measures affect the choices that consumers and businesses make 
when they buy and use energy. The model’s outputs include changes in energy use, 
energy prices, greenhouse gas emissions, investment costs and possible cost 
savings from measures, which are used to identify the direct effects stemming 
from greenhouse gas reduction measures. The resulting savings and investments 
from Energy 2020 are then used as inputs into TIM. 

• The Informetrica Model is used to examine consumption, investment, production, 
and trade decisions in the whole economy. It captures the interaction among 
industries, as well as the implications for changes in producer prices, relative final 
prices, and income. It also factors in government fiscal balances, monetary flows, 
and interest and exchange rates. More specifically, TIM incorporates 133 industries 
at a provincial and territorial level. It also has an international component to 
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account for exports and imports, covering about 100 commodities. The model 
projects the direct impacts on the economy's final demand, output, employment, 
price formation, and sectoral income that result from various policy choices. 
These, in turn, permit an estimation of the effect of climate change policy and 
related impacts on the national economy. 

E3MC develops projections using a market-based approach to energy analysis. For each 
fuel and consuming sector, the model balances energy supply and demand, accounting 
for economic competition among the various energy sources. This ensures consistent 
results among the sectors and regions. The model can be operated in a forecasting 
mode or an analytical mode. In forecasting mode, the model generates an annual 
energy and emissions outlook to 2050. In analytical mode, it assesses broad policy 
options, specific programs or regulations, new technologies or other assumptions. 

The model’s primary outputs are tables showing energy consumption, production and 
prices by fuel type, year and region. The model also identifies many of the key 
macroeconomic indicators (e.g., GDP or unemployment) and produces a coherent set 
of all greenhouse gas emissions (such as carbon dioxide, methane, and nitrous oxide) 
by sector and by province. 

Figure A.3.1 shows the general structure of E3MC. The component modules of E3MC 
represent the individual supply, demand, and conversion sectors of domestic energy 
markets and also include the macroeconomic module. In general, the modules interact 
through values representing the prices of the energy delivered to the consuming 
sectors and the quantities of end-use energy consumption.   
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Figure A3.1 – Energy, emissions and economy model for Canada 

 

 

 

 
 

ENERGY 2020
 

 

Inputs
 

Demand

Prices 

DEMAND

Residential
Commercial

Industrial
Transportation

SUPPLY

Electric Utility/IPPs
Gas Supply
Oil Supply

Coal Supply
International Supply
International Trade

(i) changes to investments in energy using 
equipment and structures by sector and industry;
(ii) changes to energy intensity (energy input per unit 
of output) by sector, by industry and fuel;
(iii) changes in energy prices

Outputs

Gross output 
by industry and 
jurisdictions

Personal 
income

Inflation

Tax rates

Exchange rates

THE INFORMETRICA 
MACROECONOMIC (TIM) MODEL

 

 

To develop this projection of energy use and related emissions, it was necessary to 
provide a view of the Canadian economy to 2020. The level and composition of energy 
supply and demand, and the resulting greenhouse gas emissions, are determined based 
on many assumptions that influence the overall size and growth rate of the economy. 
 

Treatment of Interaction Effects 

Estimates of the net impact of government measures incorporated in the modelling 
scenarios need to take into account major interaction and behavioural affects. The 
analytical approach permitted by E3MC addresses these key modeling challenges, 
namely additionality, free ridership, rebound effects, and policy-interaction effects. 

• Additionality. This issue relates to the question of what would have 
happened without the initiative in question. Problems of additionality arise 
when the stated emissions reductions do not reflect the difference in 
emissions between equivalent scenarios with and without the initiative in 
question. This will be the case if stated emissions reductions from an 
initiative have already been included in the reference case – emissions 
reductions will effectively be double-counted in the absence of appropriate 



Canada’s Emissions Trends 64 

adjustments. The E3MC model controls for additionality by basing its 
structure on incremental or marginal decision-making. The E3MC model 
assumes a specific energy efficiency or emission intensity profile at the 
sector and end-use point (e.g., space heating, lighting, or auxiliary power). 
Under the E3MC modeling philosophy, if the initiative in question were to 
increase the efficiency of a furnace, only the efficiency of a new furnace 
would be changed. The efficiency of older furnaces would not change 
unless those furnaces are retired and replaced with higher efficiency ones. 
As such, any change in the model is incremental to what is reflected in the 
business-as-usual assumptions. 

• Free ridership. A related problem, free ridership, arises when stated 
reductions include the results of behaviour that would happen regardless of 
the policy. This can occur when subsidies are paid to all purchasers of an 
item (e.g., a high efficiency furnace), regardless of whether they purchased 
the item because of the subsidy. Those who would have purchased the 
product regardless are termed free riders. In the E3MC model, the 
behaviour of free riders has already been accounted for in the reference 
case. Thus their emissions are not counted toward the impact of the policy. 
Instead, the E3MC model counts only the incremental take-up of the 
emissions-reducing technology. 

• The rebound effect. This describes the increased use of a more efficient 
product resulting from the implied decrease in the price of its use. For 
example, a more efficient car is cheaper to drive and so people may drive 
more. Emissions reductions will generally be overestimated by between 5% 
and 20% unless estimates account for increased consumption because of the 
rebound effect. Within the model, we have mechanisms for fuel choice, 
process efficiency, device efficiency, short-term budget constraints, and 
cogeneration, which all react to changes in energy and emissions costs in 
different timeframes.35 All these structures work to simulate the rebound 
effect – in the example above, the impact of extra kilometres that may be 
driven as a result of improved fuel efficiency are automatically netted out 
of the associated emissions reduction estimates.  

• Policy interaction effects. This describes impacts on the overall 
effectiveness of Canada’s emissions-reduction measures when they interact 
with each other. A policy package containing more than one measure or 
policy would ideally take into account this impact to understand the true 
contribution that the policy package is making (in this case, to emission 
reductions).   

E3MC is a comprehensive and integrated model focusing on the interactions between 
sectors and policies. In the demand sectors, the fuel choice, process efficiency, device 

                                            

35 A shift in energy prices will cause cogeneration to shift in the short to medium term, device 
efficiency to adjust over the short to mid-term, process efficiency to adjust in the mid-term, 
and fuel choice to react in the mid- to long-term. The actual adjustment times depend on the 
particular sector. 
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efficiency, and level of self-generation are all integrally combined in a consistent 
manner. The model has detailed equations to ensure that all the interactions between 
these structures are simulated with no loss of energy or efficiency. For example, the 
electric generation sector responds to the demand for electricity from the energy 
demand sectors, so any policy to reduce electricity demand in the consumer sectors 
will impact the electricity generation sector. The model accounts for emissions in the 
electricity generation sector as well as for emissions in the consumer demand sectors. 
As the electricity sector reduces its emissions intensity, policies designed to reduce 
electricity demand in the consumer sectors will cause less of an emissions reduction. 
The natural gas and oil supply sectors similarly respond to the demands from the 
consumer sectors, including the demands for refined petroleum products for 
transportation. The model also simulates the export of products by supply sectors. 

Taken as a whole, the E3MC model provides a detailed representation of technologies 
that produce goods and services throughout the economy and can simulate, in a 
realistic way, capital stock turnover and choices among technologies. The model also 
includes a representation of equilibrium feedbacks, such that supply and demand for 
goods and services adjust to reflect policy. Given its comprehensiveness, E3MC covers 
all the greenhouse gas emissions sources, including those unrelated to energy use. 
 

Simulation of capital stock turnover 

As a technology vintage model, E3MC tracks the evolution of capital stocks over time 
through retirements, retrofits, and new purchases, in which consumers and businesses 
make sequential acquisitions with limited foresight about the future. This is 
particularly important for understanding the implications of alternative time paths for 
emissions reductions.   

The model calculates energy costs (and emissions) for each energy service in the 
economy, such as heated commercial floor space or person-kilometre traveled. In each 
period, capital stocks are retired according to an age-dependent function (although 
the retrofitting of unretired stocks is possible, if warranted by changing economic 
conditions). Demand for new stocks grows or declines depending on the initial 
exogenous forecast of economic output (i.e., a forecast that is external to the model 
and not explained by it) and the subsequent interplay of energy supply–demand with 
the macroeconomic module. A model simulation iterates between energy supply–
demand and the macroeconomic module until there is a convergence. The global 
convergence criterion is set at 0.1% between iterations. This convergence procedure is 
repeated for each year over the simulation period.  

The E3MC model simulates the competition of technologies at each energy service 
node in the economy based on a comparison of their cost and some technology-specific 
controls, such as a maximum market share limit in cases where a technology is 
constrained by physical, technical, or regulatory means from capturing all of a market. 
The technology choice simulation reflects the financial costs as well as the consumer 
and business preferences, revealed by real-world technology acquisition behaviour. 
 

Model Limitations 
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While E3MC is a sophisticated analytical tool, no model can fully capture the 
complicated interactions associated with given policy measures between and within 
markets or between firms and consumers. Unlike computable general equilibrium 
models, however, the E3MC model does not fully equilibrate government budgets and 
the markets for employment and investment. That is, the modeling results reflect 
rigidities such as unemployment and government surpluses and deficits. Furthermore, 
the model, as used by Environment Canada, does not generate changes in nominal 
interest rates and exchange rates, as would occur under a monetary policy response to 
a major economic event. 
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SI Methods
Analytical and Statistical Methods. Hg analyses. Snow was melted in
the dark.Meltwater was shaken, and 125mL was decanted into an
acid-cleaned Teflon bottle. The remainder was filtered using an
acid-washed Nalgene disposable filtering apparatus prefitted with
a 0.45-μm cellulose nitrate filter. Filtered and unfiltered samples
were acidified 1:500 with concentrated trace metal grade HCl.
Total Hg in unfiltered water and snow and filtered snow samples
was determined by oxidation, purge and trap, desorption, and cold
vapor atomic fluorescence spectrometry (http://www.biology.ual-
berta.ca/facilities/mercury/, modified) (1, 2). The detection limit
was 0.02 ng/L.
Other elemental analyses. Snow was melted, and 250 mL was stored
in acid-cleaned high-density polyethylene bottles. The remaining
melt water was filtered through a 0.45-μm Whatman glass fiber
filter in an acid-washed glass apparatus. Each filtered and un-
filtered sample was acidified with 0.5 mL of optima grade nitric
acid. For analysis, samples were shaken vigorously to distribute
any suspended matter evenly, and 50 mL was added to a plastic,
graduated Digiprep tube (SCP Science) with 2 mL trace metal
grade nitric acid and 1 mL trace metal grade hydrochloric acid
and was covered with a watch glass. The samples were placed in
a covered, vented Digiprep digestion block and heated at 95 °C
for ∼400–500 min to reduce the volume to <5 mL Another 2 mL
trace metal grade nitric acid and 1 mL trace grade hydrochloric
acid were added to redissolve any particulates. The sample was
heated for 15–30 min, 0.2 mL trace grade hydrogen peroxide was
added, and distilled deionized water was used to increase the
volume to 50 mL for analysis by inductively coupled plasma
atomic emission spectroscopy (ICP-AES). Detection limits are
provided in Datasets S1, S2, S3, S4, and S5.

ICP-MSanalyseswere conducted in triplicatewith aThermoX-7
singlequadrupole instrumentwithout thecollision cell for elements
of atomic mass <21 and with the collision cell and 8% hydrogen in
helium for elements with masses >21 (Method 200.8) (3). Dwell
times of 10 ms were used for each reported mass, and counts were
background and uniquely corrected for each mass by interpolating
from internal standards (6-Li, 45-Sc, 88-Y, 115-In, 159-Tb, 165-Ho,
209-Bi). Instrument response was converted to concentrations us-
ing a minimum of four calibration standards with cross-calibration
to ensure linearity across the studied concentration range. All
analyses included blanks and controls (10 μg/L and 500 μg/L).
Detection limits are presented in Datasets S1, S2, S3, S4, and S5.

Approximately 100 mg of oil sands was microwave digested
(800 W; 200 °C; 800 psi; 20 min) with 4 mL trace metal grade
nitric acid and 3 mL high purity grade hydrogen fluoride. Sam-
ples were transferred to a Teflon beaker and evaporated almost
to dryness for 2 h at 200 °C to remove residual hydrogen fluoride.
The remaining liquid was diluted to 50 mL in a clean volumetric
flask with ultrapure water and 2% nitric acid. Elements in aqueous
solution were analyzed by ICP/quadrupole MS (Agilent 7500c)
with a microflow nebulizer and Chemstation software (revision C).
Metals were quantified in normal mode with a seven-point cali-
bration plot over a concentration range of 0.65–200 ng mL−1 (31–
5,000 ng mL−1 for alkalis). A certified reference material (Na-
tional Research Council of Canada) and procedural blanks were
analyzed to assess instrument performance.

Quality Assurance/Quality Control.Concentrations of all elements in
trip and field blanks from winter and summer sampling were very
low and often were near or below detection limits. The relative
percent difference (RPD) for Hg samples, which were all ana-

lyzed in duplicate, was <10% for unfiltered snow, generally
<15% for filtered snow (except for a few samples with very low
Hg concentrations), and <18% in February and June for river
water. For duplicate Hg samples collected in the field, the RPD
was 13% in unfiltered snow, 5% in filtered snow, and <14% in
February (except for one sample with very low concentrations),
and <4% in June for water. The RPD for analysis of laboratory
duplicates and field duplicates for other elements generally was
<15% for filtered and unfiltered snow and unfiltered water
samples collected in both seasons. However, this RPD was ex-
ceeded for several metals when present at very low concen-
trations in snow and water.

Treatment of Samples BelowMethod Detection Limits.Concentrations
of some elements in filtered and unfiltered melted snow and un-
filtered water samples were below the method detection limits. For
statistical analyses, the full detection limit was substituted for
results below the method detection limit. Therefore the calculated
elemental concentrations and deposition of some elements may be
slightly elevated.

Source Identification of Elements in Snow. Graphical inspection of
concentrations or snow deposition for each dissolved and par-
ticulate element vs. distance from site AR6 was used to classify
element concentrations and loadings into four categories: (i)
exponential decline with distance from upgrading facilities near
AR6 [e.g., polycyclic aromatic compounds (PAC) in ref. 4]; (ii)
exponential decline with distance from upgrading facilities near
AR6 plus additional local sources within the oil sands develop-
ment area; (iii) only local sources within the oil sands develop-
ment area; and (iv) dissolved concentrations below detection
limits at all sites, so that loadings were not calculated, or partic-
ulates were not present (i.e., total − dissolved = zero) at all sites
(Datasets S1 and S2). These designations were checked by com-
paring the results with separate correlation matrices and PCA
plots for dissolved and particulate element concentrations and
loadings and with the results of exponential regressions of element
loadings with distance from AR6 (see below).

Area-Wide Element Deposition. Calculation of the total mass of
elements inferred from snowpack samples was completed in two
steps. First, the samples results expressed on a mass per unit area
(m2) basis were regressed against distance from AR6 (which was
calculated using ArcGIS (5)), with distance as the independent
variable. The functional relationship between element mass per
unit area (m) and distance (x) was assumed to follow a declining
exponential, expressed as:

m ¼ Aexpð− kxÞ (1)

Here k is the decay constant indicating the rate that deposition
per unit area declines with distance from AR6, and A is the
deposition at AR6 (where x = 0).
The constants A and k are estimated by taking the natural

logarithm of equation 1, giving ln m = ln A – kx, and then ap-
plying simple linear regression using our observed data form and
x. The constant A may then be obtained by taking the antiloga-
rithm of the intercept of the regression equation estimated from
the data, and k is the slope.
Second, the total deposition is calculated by finding the in-

tegrated deposition within a circle centered on station AR6 and
extending to a distance where the data indicate the deposition is
abovebackground, usually 46 km.Assumingdeposition is isotropic,
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this may be calculated by integrating the product of equation 1
above and the circumference of a circle distance x from AR6:

M ¼ 2 πA
ð
x e− kxdx (2)

where M is the total mass deposited within the circle, that is
usually 46 km. The result of the definite integral indicated in
equation 2 is:

M ¼ 2 πA
�
1− ðkxþ 1Þe− kx

k2

�
(3)

The value for M then results from substituting x = 46 km (or
whatever distance the data indicate that deposition is above
background) into equation 3 (after expressing A in units of km2).

Designation of Background Versus Near-Development Sites for Snow.
All calculated type 1 near-development (ND) concentrations are
conservative, because some concentrations of elements at some
sites within the 50-km boundary were not elevated or increased to
a lesser extent because particulate deposition is somewhat greater
to the north and south of upgrading facilities than to the east and
west (6).

Percent Above Detection Limits for Snow and River Water. The
percentage of sites with element concentrations or loadings above
the detection limit was calculated. If the percentage was much
lower for background or less developed sites than for ND sites, the
concentration of the element was deemed to be affected by de-
velopment. A similar analysis was completed to analyze differ-
ences in site location on tributaries (upstream, midstream, stream
mouth) and the Athabasca River (upstream, near development,
downstream of development, and delta).

Comparison with Historical Element Loading in Snow. Element-
loading data from 1978 and 1980 (6, 7) were compared with 2008
loadings. Snow was collected in January in 1978, in January and
February in 1980, and in March in 2008. For comparisons among
studies, element loadings were divided by the number of months
of accumulated snowfall at the time of sampling (2 mo for
January, 3 mo for February, and 4 mo for March). Study-area
maps from past studies (6, 7) were compared with current maps,
and a subset of sites located close to each other was selected for
comparisons between 1978 and 2008 and between 1980 and
2008. The maximum among-study detection limit was applied to
data from both years for each element. Among-year comparisons
were made using paired t tests.

Comparison with Guidelines. Melted snow and water concen-
trations were compared with water quality guidelines used by the
Regional Aquatics Monitoring Program (table 3.2–10 in refer-
ence 8). These guidelines include Alberta Environment Surface
Water Quality Guidelines (AESWQG) for the protection of
freshwater aquatic life (9), the Canadian Council of Ministers of
the Environment (CCME) Water Quality Guidelines for the
Protection of Aquatic Life (10), and guidelines from other ju-
risdictions (8). Guidelines for Cd, Cu, Ni, and Pb are dependent
on water hardness (8–10), which we did not analyze. For snow,
hardness was calculated using Ca2+ and Mg2+ concentrations in
snow collected in February (7), using the following equation,
with all concentrations expressed as mg/L:

½hardness as CaCO3� ¼ 2:5½Ca2þ� þ 4:1½Mg2þ�
where 2.5 is the molar mass of CaCO3 (100.1 g/mol) divided by
the molar mass of Ca2+ (40.1 g/mol), and 4.1 is the molar mass of
CaCO3 (100.1 g/mol) divided by the molar mass of Mg2+ (24.3 g.
mol). The mean Ca2+ (0.42 mg/L) and Mg2+ (1.06 mg/L) con-

centrations for sites close to 2008 study sites was calculated (7),
and hardness as CaCO3 was determined to be 4.56 mg/L. For
tributary water, hardness data from the literature were used.
Hardness as CaCO3 in the Ells River ranged from 86–107 mg/L
in spring and fall (11), was 83 mg/L in June, and was 96 mg/L at
low flow in February in 2000/2001 (12). In the MacKay and
Steepbank Rivers, hardness as CaCO3 ranged from 81–121 mg/L
and 90–112 mg/L, respectively, at high flow (11). At low flow,
hardness as CaCO3 ranged from 165–189 mg/L in the MacKay
River and 217–238 mg/L in the Steepbank River (11). In the
Muskeg River and its tributaries, hardness as CaCO3 ranged from
100–325 mg/L (but these data include sites influenced by the Al-
sands ditch) (13). Based on these data, 100 mg/L was used as the
representative hardness of tributary sites for June and 175 mg/L
for February. For the Athabasca River, data from Alberta Envi-
ronment’s River Network Station Water Quality Data were down-
loaded from http://envext02.env.gov.ab.ca/crystal/aenv/viewreport.
csp?RName=River%20Network%20Station%20Water%20Quality
%20Data, for site AB07CC0030 (Athabasca River upstream of Fort
McMurray 100 m above the confluence with the Horse River) and
AB07DD0010/AB07DD0105 (Athabasca River at Old Fort, right
bank). Hardness data collected for all years sampled in June and
February were extracted, and the mean hardness as CaCO3 was cal-
culated for both months (99 mg/L for June and 166 mg/L for Febru-
ary). Using mean hardness values for snow and water could lead to
both underestimates and overestimates of guideline exceedences
among sites for Cd, Cu, Pb, and Ni. Guidelines for Cr are speciated
(Cr III and Cr VI) and, despite elevated measured total Cr, values
were not compared with guidelines.
Specifically, element concentrations in snow and river water

were compared with the following guidelines (expressed in μg/L,
except for Hg, which is expressed in ng/L): (i) Canadian
Drinking Water Quality Guidelines, Aesthetic Objectives (14);
(ii) AESWQG (Cu: hardness dependent; snow = 1.7; tributaries
and Athabasca River February = 28; tributaries and Athabasca
River June = 16; Hg: chronic = 5, acute = 13) (9); (iii) CCME
(Cd: hardness dependent; snow = 0.002, tributaries and Atha-
basca River February = 0.054, tributaries and Athabasca River
June = 0.033; Cu: 2–4, hardness dependent; snow, tributaries and
Athabasca River February = 3, tributaries and Athabasca River
June = 2; Pb: 1–7, hardness dependent; snow = 1, tributaries and
Athabasca River February = 4, tributaries and Athabasca River
June = 2; Hg: 26; Ni: hardness dependent, 25; Ag: 0.1, Zn: 30)
(Fig. S3) (10).
When Cd concentrations were compared with the interim

CCME (10) guideline of 0.017 μg/L, rather than with the cal-
culated hardness-dependent guideline, exceedences in snow at
background and ND sites were fewer and lower for dissolved (up
to 10-fold), particulate (up to 85-fold), and total (up to 95-fold)
depositions. However, exceedences in tributaries and the Atha-
basca River increased at both background and ND sites in
February and June (for tributaries, up to 23-fold in February and
up to 14-fold in June; for the Athabasca River, up to 4-fold in
February and up to 9-fold in June).

ANOVA and t Tests. Element concentrations were natural log-
transformed to satisfy the assumptions of normality and equality
of variance for ANOVA. The power of two-way and one-way
ANOVAs often was too low to exclude the possibility that dif-
ferences were the result of random sampling variability. Therefore,
two-sample or paired t tests were used. Bonferroni correction for
multiple comparisons was not used, because it reduces type 1 error
(rejecting the null hypothesis when it is true) but increases type II
error (accepting the null hypothesis when it is false) (15). Instead,
as recommended in (15), probabilities were reported, and inter-
pretations were made based on experimental design, power of
tests, differences between control and treatment groups, and basic
logic. When only a few significant results were identified in a large
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table, the results were considered suspect (15) or, if the power of
the analysis was low, further detailed statistical analyses were
completed. As more data are collected, the chance of finding

a spurious result increases. However, the chance of all results
being spurious is extremely low, so many significant results within
a large table probably are indicative of an important effect (15).
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Fig. S1. Ratios of concentrations of PPE from sites impacted by development, relative to background concentrations. (A) Impacted particulate and (B) dis-
solved concentrations in snow relative to background (n = variable; Dataset S1 and S2). (C) Concentrations at tributary sites exposed to >25% overall de-
velopment relative to sites with <25% overall development. Winter: <25% n = 4; >25% n = 9. Summer: <25% n = 6; >25% n = 16. (D and E) Concentrations at
the Athabasca River (D) near development) (n = 7) and (E) downstream of development and in the Athabasca Delta (n = 6). (F) Concentrations in Lake
Athabasca (n = 1), relative to upstream concentrations (n = 3). White bars, concentrations in snow; black bars, concentrations in water in winter; gray bars,
concentrations in water in summer. *Significant difference (P < 0.05); +Present only at impacted areas (for particulate snow) or present above detection limits
only at impacted sites (for river water).
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Fig. S2. Relative concentrations of priority pollutant elements (PPE) (A) in oil sands (including oil sand from Syncrude, Steepbank stream mouth, and east and
west banks of the Athabasca River), (B) in snow particulates, (C) dissolved in snow (includes snow sites AR2, AR16, AR4, AR6, AR7, AR8, BE2, BE3, EL2, EL3, MU1,
MU2, MU3, ST1, ST2, ST3, TR2, and TR3), (D) in water (includes sites AR16, AR4, AR5, AR6, AR7, AR15, TR3, HOR3, POPD, MCC, MACK, MU3, CALR, FOR, EYC,
BE3, and EL3 sampled during the summer). Gray vertical bars indicate means; black bars indicate ranges. Note different y axis scales used in A–D. A map
detailing the location of these sites is provided in ref. 1.

1. Kelly EN, et al. (2009) Oil sands development contributes polycyclic aromatic compounds to the Athabasca River and its tributaries. Proc Natl Acad Sci USA 106:22346–22351.
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Fig. S3. Guideline exceedences as ratios of Cd, Cu, Pb, Hg, Ni, Ag, and Zn concentrations to Alberta Environment Surface Water Quality Guidelines (AE) shown
in red and Canadian Council of Ministers of the Environment Water Quality Guidelines for the Protection of Aquatic Life (CCME) shown in green. All guidelines
are expressed in μg/L except for Hg, which is expressed in ng/L. B, background; I, impacted; <25% (less disturbed); >25% (more disturbed); UP, upstream; DEV,
near development; D&D, downstream and delta; LA, Lake Athabasca and M, maximum; �x, mean; refer to relative overall development within a catchment;
*acute AE exceedence. Note y axis scales differ.
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CONSERVATION AGREEMENT 

Between 

TOTAL E&P CANADA LTD. 
(TEPCA) 

- and-

HER MAJESTY THE QUEEN IN RIGHT OF CANADA 
AS REPRESENTED BY THE MINISTER OF ENVIRONMENT 

WHO IS RESPONSIBLE FOR THE DEPARTMENT 
OF THE ENVIRONMENT 

(Environment Canada "EC") 

(together the Parties) 

WHEREAS TEPCA is the project proponent for the construction, operation and reclamation of 
an oil sands surface mine and bitumen extraction facility to be located about 70 km north of Fort 
McMurray known as the Joslyn North Mine (the Project); 

AND WHEREAS the Project has undergone an environmental assessment before a Joint 
Review Panel (JRP) appointed by the federal Minister of the Environment and the chairman of 
the Energy Resources Conservation Board; 

AND WHEREAS on January 27, 2011, the JRP released its report containing its summary, 
decision and recommendations pursuant to the Energy Resources Conservation Act, the 
Canadian Environmental Assessment Act (CEAA) and the Oil Sands Conservation Act; 

AND WHEREAS mitigation measures recommended by the JRP to reduce or avoid the impacts 
of the Project on species at risk will be included in TEPCA's Wildlife Mitigation Plan under the 
Alberta Environmental Protection and Enhancement Act; 

AND WHEREAS the Minister of Fisheries and Oceans as a responsible authority must act in 
accordance with subsection 79(2) of the Species at Risk Act (SARA) and subsection 37(2) of 
CEAA; 

AND WHEREAS the Minister of Fisheries and Oceans is relying on EC to fulfill the 
responsibility to ensure that measures are tal<en to avoid or lessen and mitigate the effects of the 
Project on the Species at Risk identified in Schedule 2 of this Conservation Agreement and the 
environment; 

AND WHEREAS this Conservation Agreement is intended to assist in the protection of habitat 
for Species at Risk identified in Schedule 2 of this Conservation Agreement; 



AND WHEREAS TEPCA and SinoCanada Petroleum Corporation are in a partnership known 
as the Northern Lights Partnership which holds an oil sands lease on the McClelland Lake Lands 
(MLL), which are more particularly described in Schedule 1 to this Conservation Agreement; 

AND WHEREAS Northern Lights Partnership does not currently plan to develop the bitumen 
resources contained within the MLL; 

AND WHEREAS TEPCA is prepared to replace habitat affected by the Project with 
ecologically equivalent habitat within the MLL, or elsewhere, as set out in this Conservation 
Agreement; 

AND WHEREAS the Parties recognize the importance of working together to identify the 
habitat necessary to replace the loss of habitat on the Project lands; 

NOW THEREFORE based on the consideration exchanged between the Parties under this 
Conservation Agreement, the sufficiency of which is hereby acknowledged, the Parties agree as 
follows: 

1. PURPOSE 

The purpose of this Conservation Agreement is to set out terms and conditions and the Parties' 
understanding of their respective responsibilities pertaining to TEPCA' s provision of habitat to 
replace that habitat affected by the Project. 

2. DEFINITIONS 

2.1. Words and phrases that are defined in SARA and CEAA will retain their meaning in 
those Acts and do not have to be defined in this Conservation Agreement. Words and 
phrases used in this Conservation Agreement retain their dictionary definition unless 
specifically defined referenced in this Conservation Agreement. 

2.2. For the purpose of this Conservation Agreement, "Replacement Habitat" is considered to 
be the lands described in Schedule 3 !IS may be amended from time to time, that contain 
habitat that is ecologically equivalent to the habitat being affected by the Project based on 
having the ability to support and sustain similar life cycle activities. 

3. RESPONSIBILITIES OF TEPCA 

On-Site Mitigation Measures 

3.1. TEPCA commits to mitigate the effects of the Project on species at risk via a range of 
mitigation measures in the development and operation of the Project based on avoidance 
and minimization of impacts. 

3.2. TEPCA shall not engage in any construction activities on the Project lands that disturb or 
destroy active nests during the nesting seasons of species at risk. 

Page 2 of24 



3.3. During the life of the Project, TEPCA shall not disturb or destroy active nests of 
migratory birds on the Project lands. 

3.4. TEPCA shall minimize the Project's effects on habitat, including no planned Project 
activities, on approximately 1,100 ha of land within the approved Project area. 

3.5. TEPCA shall prepare and implement the Wildlife Mitigation Plan as required under the 
Alberta Environmental Protection and Enhancement Act (AEPEA) Approval clause 
6.4.41. (AEPEA Approval) 

Provision of Replacement Habitat 

3.6. TEPCA commits to the provision of Replacement Habitat for the Common Nighthawk 
and the Canada Warbler. TEPCA shall, where and when possible, provide Replacement 
Habitat for the Olive Sided Flycatcher. 

3.7. As an interim measure towards its commitment to provide Replacement Habitat, TEPCA 
shall not develop or permit the development of the bitumen resources on the portions of 
the MLL which have been identified on an interim basis as Replacement Habitat for the 
Common Nighthawk, the Canada Warbler and, where and when possible, the Olive Sided 
Flycatcher. These lands are identified in Schedule 3. 

3.8. This provision of lands as provided for in Article 3.6 is an interim measure that will be 
reconsidered by the Parties as set out in article 3.10. 

Monitoring and Research 

3.9. TEPCA shall conduct monitoring and research on the Project as per commitments made 
in regulatory submissions and required by the AEPEA Approval as well as additional 
monitoring and research, all of which are set out in Schedule 4. 

3.10. TEPCA shall develop criteria from the monitoring it conducts under Article 3.9 no less 
than one year prior to the commencement of bitumen production from the Project and 
submit it to EC for approval to: 

3.10.1 jointly identify Replacement Habitat for the Common Nighthawk and the Canada 
Warbler, and where and when possible, the Olive Sided Flycatcher; and 

3.10.2 inform EC as EC develops the definition of critical habitat for the Species at Risk 
identified in Schedule 2 of this Conservation Agreement; and 

3.10.3 amend Schedule 3 accordingly. 

Provision of Alternative Replacement Habitat 

3.11. The Parties understand that events may require further reconsideration of which lands 
will stand as Replacement Habitat, if: 
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3.11.1 TEPCA intends to develop the bitumen resources on the MLL; 

3.11.2 the Replacement Habitat is changed to the extent that it is no longer suitable 
Replacement Habitat as a result of fire or any other natural cause; 

3.11.3 timber harvest occurs by a company other than TEPCA in the Replacement 
Habitat; 

3.11.4 either Party determines that the Replacement Habitat does not meet the criteria 
established under article 3.10; 

3.11.5 the Govermnent of Alberta approves plans for surface use of the MLL that are not 
conducive to maintenance of Replacement Habitat for the Species at Risk 
identified in Schedule 2 of this Conservation Agreement; 

3.11.6 TEPCA's interest in the MLL expires and has not been renewed. 

3.12. In the event that any of the circumstances under article 3.11 should occur, or if any other 
circumstance occurs as agreed to by the Parties, which renders the Replacement Habitat 
unsuitable or unavailable, TEPCA shall: 

3.12.1 provide EC with reasonable advance written notice of the circumstance, or if 
circumstance does not permit advance notice, provide written notice immediately 
upon becoming aware of the circumstance; 

3.12.2 investigate and provide alternate Replacement Habitat subject to EC's approval, 
such approval not to be unreasonably withheld. This alternative Replacement 
Habitat may include reclaimed lands on the Project and shall be provided within 
12 months of the events occurring under Articles 3.11.2 to 3.11.5 and 12 months 
prior to development of the bitumen resources and 12 months prior to the 
expiration ofTEPCA's interest in the MLL as per articles 3.11.1 and 3.11.6; and 

3.12.3 amend Schedule 3 accordingly. 

3.13. The aspects of the Project's annual reclamation plan that are focused on habitat for the 
Species at Risk identified in Schedule 2 of this Conservation Agreement will be 
reviewed annually with EC. The requirement for Replacement Habitat will be reduced as 
land is reclaimed on the Project, taldng into account ecosystem equivalency as agreed to 
by EC, such agreement not to be unreasonably withheld, and the Parties will amend 
Schedule 3 accordingly. 

Monitoring and Follow-up 

3.14. TEPCA shall engage a third party, as part of the requirements for IS01400l registration 
and auditing, to perform independent audits of environmental performance related to the 
Species at Risk identified in Schedule 2 of this Conservation Agreement on the Project 
lands every year during the first three years of operation (i.e. bitumen production), and 
every three years thereafter, until the habitat affected by the Project has been successfully 

Page 4 of24 



reclaimed as Replacement Habitat. Copies of the audit reports shall be provided to EC at 
no cost. 

4. RESPONSIBILITIES OF EC 

4.1. EC agrees to work with TEPCA to assist it to discharge its obligations under this 
Conservation Agreement in a manner that will result in the effective mitigation of the 
effects of the Project on the Species at Risk identified in Schedule 2 of this Conservation 
Agreement. 

4.2. EC will provide reasonable assistance to TEPCA in the preparation of the criteria and the 
identification of Replacement Habitat under article 3.10 ofthis Conservation Agreement. 

4.3. EC will take into account the provisions of this Conservation Agreement in the future 
when exercising authority under the SARA as it pertains to the protection of critical 
habitat of the Species at Risk identified in Schedule 2 of this Conservation Agreement. 

5. EFFECTIVE DATE OF CONSERVATION AGREEMENT 

This Conservation Agreement commences and shall be effective, binding and enforceable when 
the Governor-in-Council has approved the response to the JRP Report and approved issuance of 
the Fisheries Act Authorization by the Minister of Fisheries and Oceans. 

6. CONSERVATION AGREEMENT DURATION, AMENDMENT, REVIEW 

6.1. This Conservation Agreement will remain in full force and effect from the effective date 
until the earlier of EC determining that the Replacement Habitat is no longer required 
because there has been sufficient reclamation on the Project lands or TEPCA provides 
sufficient alternate Replacement Habitat on terms agreeable to the Parties, acting 
reasonably, or a combination thereof. 

6.2. This Conservation Agreement may be amended at any time, on the written agreement of 
the Parties. 

6.3. The Parties will address issues and ineffective processes occurring during the 
implementation of the Conservation Agreement, and solutions will be cooperatively 
identified. 

6.4. If a Party wants to make changes to this Conservation Agreement, that Party shall 
provide notice of proposed changes in writing to the other Party. Amendments must be 
agreed upon by the Parties in writing or they shall be of no force and effect. 

6.5. Unless otherwise agreed, the Parties shall together complete a review of the operation of 
the Conservation Agreement every 5 years from the effective date of the Conservation 
Agreement until it is not longer in force. In the event that the Parties agree that an 
amendment to a schedule to this Conservation Agreement is warranted, the Assistant 
Deputy Minister of the Environment Stewardship Branch of EC shall have the requisite 
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authority to make such amendment, or shall ensure that any requisite authority is sought 
from the Governor in Council for the approval of the required change. 

6.6. If either the Board of Directors of Total S.A. or TEPCA's partners for the Project fail to 
sanction the Project, or for any other reason the Project does not proceed, TEPCA shall 
give written notice to EC. In this case, any work done by TEPCA on the Project land will 
be assessed by the Parties (acting reasonably) to determine the impact on the Species at 
Risk identified in Schedule 2 of this Conservation Agreement, if any, and only those 
portions of the Project land that have an impact on the Species at Risk identified in 
Schedule 2 of this Conservation Agreement will require Replacement Habitat. In the 
event a decision is subsequently made to proceed or re-start the Project by TEPCA, then 
the provisions of this Conservation Agreement shall come back into force and effect. 

7. DISPUTE RESOLUTION 

7.1. If a dispute arises out of, or in connection with this Conservation Agreement, and the 
Parties do not resolve all of the issues in dispute through discussions then: 

7.1.1 written notice, containing a request to negotiate, shall be given by either Party to 
the other. This notice shall be given promptly in order to prevent further 
misunderstanding resulting from delay and shall specify the issues in dispute. 

7.1.2 Negotiations shall occur first between representatives of TEPCA (Vice-President 
of Sustainable Development) and EC (Director General of the Canadian Wildlife 
Service) who playa supervisory role in the performance or management of this 
Conservation Agreement. If the representatives do not resolve all of the issues in 
the dispute within 30 days after notice has been given, then the Parties shall have 
another 30 days to attempt to resolve the issues in dispute through a second level 
of negotiations, between a principal of TEPCA(Vice-President of Sustainable 
Development) and a senior level manager from EC (Assistant Deputy Minister, 
Environment Stewardship Branch). 

7.1.3 All information exchanged during these negotiations shall be regarded as "without 
prejudice" communications for the purpose of settlement negotiations and shall be 
treated as confidential by the Parties and their representatives, unless otherwise 
required by law. However, evidence that is independently admissible or 
discoverable shall not be rendered inadmissible or non-discoverable by virtue of 
its use during the negotiations. 

7.1.4 Ifnegotiations fail, then either Party shall be entitled to pursue their legal options 
for the enforcement ofthis Conservation Agreement. 

8. APPLICABILITY OF OTHER ACTS 

This Conservation Agreement does not absolve any of the Parties from their obligations 
including compliance with any laws applicable to the subject matter of this Conservation 
Agreement. For greater certainty, all Parties must still comply with relevant provisions of SARA, 
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the Migratory Birds Convention Act, 1994, the Canada Wildlife Act, the Canadian 
Environmental Assessment Act, and the Fisheries Act. 

9. COMMUNICATION 

The Parties will use reasonable efforts to conununicate regularly amongst themselves. Upon the 
effective date of this Conservation Agreement, should either Party wish to issue an 
announcement or statement related to the completion of the Conservation Agreement, that Party 
shall not do so without first providing the other Party with a copy of such announcement or 
statement and making reasonable efforts to secure agreement of that other Party on the content of 
announcement or statement prior to public release. After this initial announcement or statement, 
the Parties shall be entitled to make on-going announcements, statements to the public, or other 
conununications at their own discretion and shall use reasonable endeavours to provide each 
other with advance notice on matters of significance to the other Party. 

10. APPLICABLE LAWS 

This Conservation Agreement shall be governed by the laws applicable in the Province of 
Alberta. 

11. ASSIGNMENT & SUCCESSORS 

TEPCA shall not assign its rights or obligations under this Conservation Agreement without 
prior written consent of EC, which consent may not be unreasonably withheld by EC. This 
Agreement shall enure to the benefit of and be binding upon the Parties hereto and, as the case 
may be, their heirs, administrators, executors and other legal representatives, as well as their 
assigns and successors. 

12. SEVERABILITY 

If any provision of this Conservation Agreement is held to be invalid or unenforceable, the 
remainder of this Conservation Agreement or the application of the provision to circumstances 
other than those in relation to which it is held invalid or unenforceable shall not be affected. 

[The Remainder ofthis page is left intentionally blank] 
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13. SIGNATURES 

HER MAJESTY THE QUEEN IN RIGHT 
OF CANADA, as represented by the 
Minister of the Environment 

By: The Honourable Peter Kent 

Title: Minister of the Environment 

Signature: ~ ~ .. -
Signed this Kday of t2rJher ,2011 

TOTAL E&P CANADA LTD. 

By: Jean Michel Gires 

Title: President and CEO Total E&P Canada 
Ltd. 

Signature: __ ---1e----=="....==J~ ___ _ 
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SCHEDULE 1 

Legal Description of McClelland Lake Lands 

Portions ofTWP 98 RGE 8 W4M. 
(The lease boundaries and locations ofthe portions are depicted on Schedule 3) 
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Common Nighthawk 
Canada Warbler 
Olive Sided Flycatcher 

SCHEDULE 2 

Species at Risk 
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SCHEDULE 4 

Monitoring Plan 

1.0 SARA- Related Monitoring Commitments Made During the Joslyn North Mine 
Project Joint Review Panel Hearing 

The following monitoring commitments were made during the Joslyn North Mine Project Joint 
Review Panel hearing: 

• Government of Canada-Energy Resources Conservation Board Joint Review Panel 
Commitments relevant to monitoring of SARA-listed species. Joslyn North Mine Project 
Public Hearing. September 21 - October 8 2010. 

• Exhibit 001-082: 

- (Commitment #47) TEPJ will continue to be actively involved in and support the 
Alberta Biodiversity Monitoring Institute and the Regional Terrestrial Monitoring 
Program for the Lower Athabasca Region. 

- (Commitment #48) To minimize impacts to breeding migratory birds, TEPJ will 
avoid habitat destruction (i.e. vegetation clearing, flooding) during breeding bird 
periods). 

- (Commitment #49) TEPJ will monitor results of the Boreal Avian Modelling Project. 

- (Commitment #63) TEPJ will conduct surveys for western (boreal) toads, including 
the use of ocular survey techniques on ponds during the breeding season. In the event 
that large populations are detected in areas in which dewatering or land clearing 
activities are planned, TEP J will undertake translocation. 

• Transcript, Volume 9, p. 2593 

TEPJ plans to develop a project-specific migratory bird monitoring program in 
consultation with Euvironment Canada and provincial agencies to complement the 
information being collected by the Alberta Biodiversity Monitoring Institute. This 
program will continue throughout the life of the project and into the post-closure 
period to monitor both effects and recovery (Transcript, Volume 9, p. 2593). 

2.0 SARA- Related Monitoring and Research Concepts and Commitments Proposed 
After the Joslyn North Mine Project Joint Review Panel Hearing 

2.1 Meeting with Environment Canada (Canadian Wildlife Services (CWS)) -
November 8, 2010 

Several monitoring concepts for SARA-listed species potentially occurring on the Joslyn North 
Mine Project (the project) lands were discussed with Environment Canada (CWS) in Edmonton 
on November 8, 2010. (Note that these concepts have progressed during the development of this 
Conservation Agreement). 

The following sections provide a summary of the potential monitoring concepts, discussed at the 
meeting. 
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2.1.1 Monitoring Program Objectives 

9 Better definition of habitat use and preferences by SARA-listed species within the 
lease area 

e Effects of setback distances on residual habitat use 

.. Development of specific reclamation design measures for the re-establishment of 
preferred habitat conditions for SARA-listed species 

e Evaluation of the timing and success of re-colonization of reclaimed habitats by 
species of interest on the closure landscape 

2.1.2 Field Program: 

Additional Baseline Surveys for Model Validation - Completion of another year of 
surveys for Species at Risk identified in Schedule 2 of this Conservation Agreement to 
better define habitat use and preferences by species in the area. Survey results would 
supplement the data collected in 2010, and would improve the ability for habitat 
suitability model validation. The habitat model output from 2010 could be used to help 
develop a stratified sampling design for the coming years. 

Although survey plots would be distributed within a representative sample of habitat 
conditions across the lease (based on 2010 model output), sampling sites will be located, 
to the degree possible, in residual habitats outside of the project footprint. This would 
provide an additional year of data for sites that may become part of longer-term 
monitoring stations throughout the life ofthe mine. 

2.1.3 Long-term Monitoring of Residual Habitat Use 

Long-term monitoring plots should be established in residual high quality habitats for the 
SARA-listed species. Such plots will be located in areas secure from currently proposed 
development and future expansion plans. As such, it is anticipated that the majority of 
plots will fall within the valley breaks or immediately adjacent uplands of the Ells River. 

Information gathered from long-term plots could be used to: 

.. Continue to refine information on the habitat use and preferences of SARA-listed 
species 

" Continue to refine reclamation design measures for the re-establishment of preferred 
habitat conditions for SARA-listed species 

.. Evaluate the effects of mine operations on long-term habitat use at a range of 
distances from activity 
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With appropriate sampling design, there may be the ability to detect broad nesting density 
trends with increasing distances from mine project activity areas factoring in effects of 
variable habitat conditions. 

2.1.4 Monitoring of Reclaimed Habitat Use. 

AEPEA conditions of approval typically require proponents to establish a monitoring 
program to evaluate the timing and success of wildlife use of reclaimed habitats, and a 
focus of that program would be on species-at -risk recovery on the closure landscape. 

Since the mature forest communities used by several SARA-listed species will not reach 
the appropriate structural stage for 80-100 years after mine closure, far-future monitoring 
of such habitats and their associated wildlife use needs further discussion at subsequent 
meetings with CWS. 

A more detailed work plan and cost estimate will be developed for the monitoring 
program in consultation with CWS. 

2.2 SARA Species Monitoring - As of October 2011 

Initial engagement with Environment Canada on the development of a monitoring 
program began in November 2010. A program to monitor the project effects on SARA
listed species in the project area will be developed in conjunction with Environment 
Canada and Alberta Sustainable Resource Development (ASRD) and Alberta 
Environment. The monitoring program on the Project for Species at Risk identified in 
Schedule 2 of this Conservation Agreement will be designed to: 

o develop further understanding of the specific habitat needs and preferences of the 
Species at Risk identified in Schedule 2 of this Conservation Agreement; 

.. investigate Species at Risk identified in Schedule 2 of this Conservation Agreement 
use of residual habitats in approved project area throughout the life of the mine; 

o assist in identification and development of more detailed reclamation prescriptions for 
reclaiming habitat values for these species on the closure landscape; and, 

" investigate species recolonization and use of reclaimed habitats on the closure 
landscape. 

Two years of surveys commencing in 2012 will be completed for species of concern yet 
to be observed in the Project area including the Yellow Rail, Rusty Blackbird, Western 
Toad and Short-eared Owl (previous incidental observation in 2005). Additional surveys 
on the Western toad will supplement survey work undertaken in August 201l. 
Environment Canada will be consulted after completion of the surveys in 2013. 
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2.2.1 Monitoring Program Design 

2.2.1.1 Residual Habitat Monitoring 

A monitoring program for the Species at Risk identified in Schedule 2 of this 
Conservation Agreement and for any species of special concern that are detected in the 
Project area in sufficient number after the surveys noted in 2.2 of this Schedule, will be 
developed in consultation with Environment Canada and ASRD. This monitoring 
program will be used to better understand long-term trends in bird abundance and habitat 
use, particularly in areas adjacent to the mine footprint not affected by the wildfire. 
Habitat use information will also be used to assist in identification and development of 
more detailed reclamation prescriptions for restoring habitat values for these species on 
the closure landscape. 

The monitoring program will focus on those species with more abundant and consistent 
observation records in the area. As a result, site selection for the revised surveys will be 
influenced to some degree by the distribution of better-quality habitats for these species. 
Once the information from the revised surveys has been analyzed, and after further 
discussions with Environment Canada and ASRD, the final monitoring sites could be 
modified. 

As indicated, site selection will be focused on those key habitats that are outside the 
active mine footprint, not affected by the wildfire. Areas not affected by the wildfire 
currently being considered include: 

@ the setback area between the mine footprint and Ells River valley crest 

o lower slopes and fluvial bottomland habitats of the Ells River valley and Athabasca 
River valley 

o suitable habitats along the western perimeter of the mine footprint 

Data from the ABMI and the Boreal Avian Modeling Project will be incorporated in the 
monitoring program, and used by those programs to track broader regional trends in 
breeding bird abundance unrelated to mining activities. 

Following the spring 2012 breeding bird surveys, details of the monitoring program will 
be developed and discussed with Environment Canada and ASRD in the fall of 2012. 

2.2.1.2 Reclaimed Habitat Monitoring 

The conceptual closure plan for the project describes the ecological conditions and 
associated habitats expected to re-establish on the mine closure landscape, based on 
landforms and soil prescriptions. This plan will be refined throughout the life of the mine, 
as mine sequencing and reclamation techniques and advancements are refined and 
finalized. The final closure landscape will also be influenced by emerging land use 
priorities that will evolve from the LARP and First Nations input. 
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The success of closure planning will largely be demonstrated by the quantity and quality 
of recolonization of natural vegetation communities and wildlife species in the reclaimed 
landscape. This is the primary monitoring priority. Consequently, a second monitoring 
priority will be to establish survey sites to track a variety of key biophysical and diversity 
parameters throughout and after the life of the mine. Some combination of wildlife 
indicators will be a key component of the plan, and species of focus would include both 
SARA-listed and non-SARA-listed species with an emphasis on the Species at Risk 
identified in Schedule 2 of this Conservation Agreement. 

Reclaimed habitat monitoring parameters are to be developed in conjunction with 
Environment Canada and ASRD. Many of the parameters tracked through the ABMI will 
be adopted for this program. Existing Cumulative Effects Management Association 
(CEMA) monitoring initiatives will also be considered in program design. 

Site selection will also be finalized as more detailed reclamation sequencing becomes 
available. Suitable areas for consideration, however, would include replicate sites on each 
major landform/soil prescription combination. These replicate sites would be divided 
between: 

e "edge" sites, where reclaimed land on the closure landscape falls adjacent to natural 
undisturbed vegetation, and where recolonization of species from the natural habitats 
could influence recovery patterns 

o interior sites, where recovery of the closure landscape is more removed from the 
influence of adjacent native communities 

2.2.1.3 Monitoring Follow-up 

The principles of adaptive management, as outlined in the Environmental Assessment 
Best Practices Guider for Wildlife at Risk in Canada (Canadian Wildlife Service, 2004) 
will be used when reviewing results of the various monitoring projects. Should the 
monitoring results on reclaimed habitat indicate that action is required, specific action 
will be assessed. Monitoring results will continuously be reviewed to ensure appropriate 
action is taken. 

Where appropriate, information from project monitoring programs will be provided to 
third-party monitoring initiatives to augment regional understanding of these species. 

2.2.2 Monitoring on Joslyn Lease and McClelland Lake Lease 

Similar research programs as described in Section 2.2.1 will be conducted on the Joslyn 
Lease south of the Ells River as well as on the MLL. 

These monitoring programs will establish a baseline of information on these areas. If 
vegetation is cleared in the future, then changes to use, increased or decreased, can be 
assessed against the baseline for the area. 
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2.3 Research 

2.3.1 Introduction 

Research can contribute to the understanding of various wildlife species, their lifecycles 
and habits, and potential effects of development on them. TEPCA is currently 
participating in the following research initiatives related to wildlife in the oil sands region 
and will collaborate with EC on the identification of research applicable to the Species at 
Risk identified in Schedule 2 of this Conservation Agreement. 

2.3.2 Cumulative Environmental Management Association Reclamation Working 
Group (CEMA RWG) 

The CEMA RWG helped develop the Guidelines for Reclamation to Forest Vegetation in 
the Athabasca Oil Sands Region, 2nd Edition (2009). This document will be used in 
developing re-vegetation plans for the project. The guidelines provide direction on 
planting vegetation for wildlife habitat. As well, RWG is developing an early 
successional wildlife monitoring program. The objective of this program is to prepare 
and design a monitoring program to monitor early-successional wildlife species on 
reclaimed lands in the oil sands region to inform future versions of the revegetation 
guidelines. 

2.3.3 Canadian Oil Sands Network for Research and Development Wildlife 
Habitat Effectiveness and Connectivity (CONRAD WHEC) Program 

TEPCA is an active participant in the CONRAD WHEC Program, to meet the 
requirements of the EPEA Approval clauses 6.4.43 and 6.4.44. Phase I of this program 
will monitor wildlife habitat and cOlTidor use/selection at three spatial scales. Phase 2 of 
this study will assess the role of major river valleys as potential corridors in the oil sands 
region and how setback distances of varying width might affect corridor function. Thus 
the overall goal of this study is to determine how major river valleys function (habitat 
and/or travel routes) and their importance for various wildlife species in the oil sands 
region. Based on the rationale outlined, the information can also be used to objectively 
determine if river valleys can be considered to be corridors for wildlife and if different 
widths affect their movement. Phase 2 has been developed into three different programs: 

" moose collaring 

.. wildlife camera monitoring 

.. wolf monitoring 

2.3.4 Ecological Monitoring Committee for the Lower Athabasca (EMCLA) 

TEPCA is an active participant in the EMCLA. This committee is focused on bringing 
appropriate project scale wildlife and biodiversity monitoring to a regional scale. In 2011, 
work plans will be developed for various issues. These include: 
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.. assessing the influence of industrial development (linear features) on caribou 

.. monitoring select wildlife species in the Lower Athabasca Planning Region: 

o yellow rails 

" owls: barred owL and short-eared owl 

.. amphibians: Canadian toad and northern leopard frog 

These programs are expected to develop with time and encompass a variety of other 
species, such as forest songbirds. 

3.0 Alberta Environmental Protection and Enhancement Act Approval Conditions 
Relevant to Wildlife or Referenced in Wildlife Conditions Including Species at Risk 
identified in Schedule 2 of this Conservation Agreement 

The following are conditions in the Alberta Environmental Protection and Enhancement 
Act (EPEA) Approval relevant to wildlife including the Species at Risk identified in 
Schedule 2 of this Conservation Agreement. For the purposes of the EPEA Approval, 
"Director" means an employee of the Government of Alberta designated as a Director 
under the Environmental Protection and Enhancement Act, R.S.A. 2000, c.E-12, as 
amended. 

Clearing and Timber Salvage (ss. 3.6.10 - 3.6.16): 

.. 3.6.13 - The approval holder shall provide a Vegetation Management Plan 6 months 
prior to commencement of construction of any pond designed to contain process
affected water, unless otherwise authorized in writing by the Director. 

" 3.6.14 - The Vegetation Management Plan referred to in subsection 3.6.13 shall 
provide detailed plans to minimize the impact on wildlife, including birds, of the 
addition of process-affected water or any other source of water to any pond footprint 
during construction and fluid transfer. The Vegetation Management Plan shall 
include, at a minimum, all of the following: 

(a) a plan and schedule for vegetation removal; 

(b) a summary of the Soil Salvage Plan for the area (as required in subsection 
3.6.26); 

(c) a plan for minimizing floating or emergent vegetation in the pond e.g., peat; 

(d) a plan and schedule for the infilling of the pond with process-affected water; 

( e) methods used to determine the use of the area by wildlife, including birds; and 
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.. 

.. 

" 

.. 

.. 

" 

" 

.. 

(f) methods used to minimize potential impacts to wildlife, including birds in the 
area. 

3.6.15 - The approval holder shall implement the Vegetation Management Plan 
referred to in subsection 3.6.13 as authorized in writing by the Director. 

Conservation of Reclamation Material (ss. 3.6.17 - 3.6.32): 

3.6.26 - Prior to soil salvage, the approval holder shall prepare a Soil Salvage Plan for 
the upcoming year and submit it to the Director no later than October 1 of each year. 

Wildlife, Fish and Biodiversity (ss.6.4.24 to 6.4.46): 

6.4.24 - The approval holder shall re-establish wildlife and fish habitat levels, at a 
minimum, similar to that which existed prior to disturbance, in proportions 
appropriate relative to the approved Life of Mine Closure Plan. 

6.4.25 - The approval holder shall demonstrate, through monitoring, progress m 
achieving the wildlife and fish habitat levels as outlined in subsection 6.4.24. 

6.4.26 - The approval holder shall re-establish a diversity of wildlife and fish habitats 
similar to those that existed prior to disturbance, in proportions appropriate relative to 
the approved Life of Mine Closure Plan. 

6.4.27 - The approval holder shall demonstrate, through monitoring, progress m 
achieving a diversity of wildlife and fish habitats as outlined in subsection 6.4.26. 

6.4.28 - The approval holder shall document wildlife and fish habitat utilization on 
the reclaimed land by monitoring wildlife and fish species typically associated with 
and naturally occurring in the wildlife and fish habitat types present. 

6.4.29 - The approval holder shall submit a Bird Protection Plan to the Director one 
year prior to commencement of operations or December 31, 2015, whichever comes 
first, unless otherwise authorized in writing by the Director. 

6.4.30 - The Bird Protection Plan referred to in subsection 6.4.29 shall include the 
following unless otherwise authorized in writing by the Director: 

(a) techniques and procedures for a comprehensive bird deterrent program based 
on the best available technology, research and monitoring results, to minimize 
bird mortality from all ponds, including but not limited to: 

(i) minimizing the presence of floating bitumen mats on the ponds; 

(ii) minimizing floating or emergent vegetation in the ponds e.g., muskeg; 

(iii) minimizing habituation of birds; 

(iv) a description of the deterrent technology; 
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(v) a description of deterrent locations, including a map; 

(vi) a schedule for implementation of the bird deterrent program including 
initial start -up and annual deployment; and 

(vii) a description of how adaptive management principles will be used to 
foster continuous improvement of the bird deterrent program; 

(b) a plan to implement a monitoring program for bird contact and mortality using 
scientifically defensible protocols consistent with other oil sands mine 
operators in the region; and 

(c) any other information as required in writing by the Director. 

• 6.4.31 - The approval holder shall implement the Bird Protection Plan referred to in 
subsection 6.4.29 as authorized in writing by the Director. 

G 6.4.32 - The approval holder shall participate in regional initiatives through CEMA or 
CONRAD that assess wildlife and fish resources, to the satisfaction of the Director, to 
accomplish the following: 

(a) analysis of regional data sets, supplemented by additional field data where 
necessary, to validate wildlife habitat suitability index (HSI) models; and 

(b) long-term monitoring of specifically selected species and species at risk to 
quantifY cumulative impacts on wildlife and fish populations in the region; 

unless otherwise authorized in writing by the Director. 

.. 6.4.33 - The approval holder shall submit a Plan for Reclamation Biodiversity to the 
Director by December 31, 2014, unless otherwise authorized in writing by the 
Director. 

.. 6.4.34 - The Plan for Reclamation Biodiversity referred to in subsection 6.4.33 shall 
include, at a minimum, all of the following unless otherwise authorized in writing by 
the Director: 

(a) a determination of the technology required to establish best practices for 
development of biodiversity for a range of target ecosystems through 
reclamation; 

(b) a determination of reclamation coversoil and subsoil composition and key 
vegetation species and their roles in supporting the return of biodiversity and 
native ecosystems in the reclaimed landscape; 

(c) a plan and schedule to monitor and document the return of biodiversity in the 
reclaimed landscape; and 
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(d) a plan and schedule to evaluate and compare changes in biodiversity on 
reclaimed sites and in the region. 

.. 6.4.35 - The approval holder shall implement the Plan for Reclamation Biodiversity 
referred to in subsection 6.4.33 as authorized in writing by the Director. 

.. 6.4.36 - The approval holder shall participate in the regional Ecological Monitoring 
Committee for the Lower Athabasca, or any other regional initiative that may be 
developed within CEMA or CONRAD, to monitor the long-term cumulative effects 
on biodiversity and wildlife in the region, to the satisfaction of the Director. 

.. 6.4.37 - The approval holder shall participate in regional oil sand industry initiatives 
for establishing benchmark sites in ecosystems that are to be re-established on 
reclaimed sites on the oil sands leases to evaluate and monitor changes in 
biodiversity, to the satisfaction of the Director. 

" 6.4.38 - The approval holder shall participate in regional research and monitoring 
programs to monitor potential effects to terrestrial and aquatic ecosystems, and fish 
and wildlife health, to the satisfaction of the Director. The approval holder shall use 
information gathered by these studies to modify the planning, operations, and 
reclamation management systems. 

.. 6.4.39 - The approval holder shall submit a comprehensive Wildlife Mitigation Plan 
to the Director, 3 months prior to initial disturbance, unless otherwise authorized in 
writing by the Director. 

.. 6.4.40 - The objective of the Wildlife Mitigation Plan referred to in subsection 6.4.39 
shall be no net significant adverse effects on species at risk. 

" 6.4.41 - The Wildlife Mitigation Plan referred to in subsection 6.4.39 shall include, at 
a minimum, all ofthe following: 

(a) a plan and schedule to mitigate effects of direct and indirect habitat loss and 
wildlife mortality, including but not limited to, all of the following: 

(i) avoidance of species at risk habitat and application of appropriate 
setbacks to key wildlife habitat features and nests of species at risk and 
birds of prey; 

(ii) timing of site preparation, construction, and other project activities to 
minimize direct impacts to wildlife; 

(iii) specific methods for mitigating impacts to wildlife and wildlife habitat 
throughout the life of the project; 

(iv) if necessary, a plan for relocating species at risk that have low mobility 
(e.g. amphibians) prior to disturbance, and for monitoring the success 
of the relocation; 
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(v) methods to avoid or minimize bird collisions with project 
infrastructure, including towers and transmission lines; 

(vi) strategies to minimize noise and light pollution in areas of the project 
near wildlife habitat; 

(vii) ensuring wildlife do not come into contact with hazardous substances; 

(viii) any other measures necessary; and 

(ix) any other information as required in writing by the Director; 

(b) in conjunction with appropriate government agencies, academic institutions, 
stakeholders, and other operators, research programs to evaluate, at minimum: 

(i) the predictions of the project effects made in the environmental impact 
assessment, including validity of habitat models; and 

(ii) the specific habitat requirements of species at risk for the purposes of 
guiding reclamation planning; 

e 6.4.42 - The approval holder shall implement the Wildlife Mitigation Plan referred to 
in subsection 6.4.39 as authorized in writing by the Director. 

e 6.4.43 - The approval holder shall submit or cause to be submitted an annual update 
on the regional Wildlife Habitat Corridor Research and Monitoring Program to the 
Director, starting June 15, 2012, unless otherwise authorized in writing by the 
Director. 

e 6.4.44 - The Wildlife Habitat Corridor Research and Monitoring Program referred to 
in subsection 6.4.43 shall include, at a minimum, all of the following: 

(a) a description of proposed research techniques to determine appropriate 
wildlife habitat corridor widths, setback distances and mitigation strategies 
that will provide effective habitat and connectivity for wildlife adjacent to 
active oil sands mines; 

(b) proposals and actions to include other research partners in the oil sands area, 
including regional initiatives such as encompassed within CEMA and 
CONRAD; 

(c) a description of proposed monitoring studies to assess and compare wildlife 
use from the project boundary to the Athabasca River and within the Ells 
River valley; and 

(d) a schedule for implementation of research and monitoring. 

.. 6.4.45 - The approval holder shall participate in the continued implementation of the 
Wildlife Habitat Corridor Research and Monitoring Program referred to in subsection 
6.4.43, as authorized in writing by the Director. 
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• 6.4.46 - The approval holder shall participate in the activities of regional initiative(s) 
such as the Wildlife Habitat Effectiveness Technical Committee in CONRAD to 
provide the information described in subsection 6.4.44, to the satisfaction of the 
Director. 

Reclamation Progress Tracking (ss. 6.4.47 - 6.4.49): 

• 6.4.47 - The approval holder shall submit an Annual Reclamation Progress Tracking 
Report to the Director. 

• 6.4.48 - The Annual Report referred to m subsection 6.4.47 shall include, at a 
minimmn, all of the following: 

(a) an as-built plan (including maps) of all terrestrial and wetland reclamation of 
the previous year; 

(b) any deviations from the soil salvage plan, including an explanation, as per 
PART 3 "of the EPEA approval"; 

(c) any deviations from the soil placement plan, including an explanation, as per 
PART 6 "of the EPEA approval"; 

(d) on a year-to year and cmnulative basis, a summary ofthe amount ofland 
cleared, disturbed, reclaimed, and certified, including the upcoming year 
target, using the definitions and reporting categories provided by the Director; 

(e) a summary of reclamation material salvage and placement practices for 
terrestrial and wetland reclamation; 

(f) the results of the surveys conducted after reclamation material placement 
referred to in subsection 6.3.23 "of the EPEA approval"; 

(g) a summary of actual placement depth of overburden or tailings sand over 
consolidated tailings surfaces; 

(h) a summary of revegetation activities, including but not limited to, targeted 
ecosites consitent with items (f) and (g) of the Life of Closure Plan referred to 
in subsection 6.2.12, including species selection, seed, and plant stock origin, 
propagation of native plants, provincial tree seed registration identification 
nmnber, stocking standards, distribution of species, fertilization, infill planting 
and planned revegetation research; 

(i) a summary of wildlife related activities undertaken, as outlined in: 

(i) fish and wildlife habitat establishment and wildlife utilization 
monitoring as referred to in subsections 6.4.25, 6.4.27, and 6.4.28; 

(ii) the Bird Protection Plan, as referred to in subsection 6.4.30; 
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(iii) the Plan for Reclamation Biodiversity, as referred to in subsection 
6.4.34; and 

(iv) the Wildlife Mitigation Plan, as referred to in subsection 6.4.41; 

including, but not limited to: 

(v) results; 

(vi) successes; 

(vii) issues encountered; 

(viii) deviations from the original plan; and 

(ix) proposed future direction; 

G) progress and deviations in the development oflandform and topography 
consistent with the Life of Mine Closure Plan referred to in subsection 6.2.1; 

(k) a description of how landforms and topography at lease boundaries are or will 
be integrated with adjacent lease holders; 

(I) a sununary of any erosion control, dust control, and sedimentation 
minimization or mitigation techniques used; 

(m) a review of activities and discussions the approval holder has conducted with 
other operators regarding the feasibility of sharing reclamation materials 
between lease boundaries, amongst adjacent operators; 

(n) a review and assessment of the landscape, reclamation, and revegetation 
performance monitoring data (including natural invasion onto reclaimed areas 
as part of tracking biodiversity changes); 

(0) a list of lessons learned and changes to reclamation practise based on 
reclamation monitoring and research through CEMA, CONRAD, and other 
initiatives; and 

(P) a compilation of conservation and reclamation inspections of the previous 
year, including all stewardship action item checklist for required follow-up 
activities. 

® 6.4.49 The information referred to in subsection 6.4.47 must be reported in a format 
acceptable to the Director. 
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