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EXECUTIVE SUMMARY 

The Delphi Group was commissioned by the Integrated CO2 Network (ICO2N) to report on the 

potential supply, timing, and cost of greenhouse gas (GHG) emission reductions from a variety 

of GHG emission reduction alternatives in the Canadian context out to the year 2020.   

This analysis was undertaken from a societal perspective and is based on the incremental cost 

to society of reducing CO2 with each alternative as compared to using todayôs alternatives.  

This is not a corporate investment analysis.  Government incentives are discussed, but do not 

affect the finances of the CO2 reduction options.  The volumes presented are what is estimated 

to be achievable in the given timeframe.  It is not assumed that all the reduction volumes 

portrayed will be pursued and anticipated regulatory burdens on CO2 emissions do not factor 

into the projected deployment of any of these technologies. 

For this report, the following GHG emission reduction alternatives were considered: 

 Afforestation 

 Agricultural Sinks (no-till farming) 

 Biofuels (bioethanol and biodiesel) 

 Carbon Capture and Storage / Enhanced Oil Recovery 

o CCS ï In-situ 

o CCS ï Chemical / Fertilizer / Upgraders (C/F/U) 

o CCS ï Coal-fired power generation 

 Landfill Gas Collection 

 Nuclear Power 

 Photovoltaic (PV) Power 

 Small Hydro Power 

 Vehicle Fuel Efficiency Improvements 

 Wind Power 
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The emission reduction alternatives selected were not intended to represent the full range of 

GHG emission reduction alternatives available in Canada, but instead to provide a sampling of 

some commonly considered actions across a variety of sectors.  Notably absent from this list is 

energy efficiency (residential, commercial, industrial).  Energy efficiency certainly represents a 

significant opportunity for emission reductions, but given the wide variety of project types within 

this broad category and associated levels of effort required to identify appropriate data, it was 

not possible to include it within the scope of work for this report. 

For each alternative, supply, timing and cost of potential GHG emission reductions were 

assessed from new actions undertaken in the year 2009 and forward to 2020.  Therefore, 

emission reductions resulting from actions within a particular area prior to 2009 have been 

purposely excluded from consideration.  This means that emission reductions related to 

production capacity (or the equivalent in areas where production capacity is not applicable, such 

as agricultural sinks) installed prior to 2009 have not been assessed, even if that capacity is 

expected to operate in 2009 and beyond.  This restriction was intended to allow for a focus on 

potential actions going forward, versus emission reductions based on decisions that have 

already been made. 

Results of this study are subject to some limitations, including: 

 Use of average costs and activity levels where in reality sometimes large ranges apply 

 Key costs, such as cost of fossil fuels and grid electricity, have been assumed to be 

static over time for simplicity whereas in reality these are expected to increase over time 

 Results do not generally reflect current levels of government incentives, though some 

limited quantification of incentives was performed.  As a result, some alternatives show 

significant associated net costs even though they are still able to proceed today.  

The current scope of work does not allow for these limitations to be addressed, but these could 

form the basis for subsequent work. 
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Results from this study are presented below, followed by some overarching conclusions. 

 

About The Delphi Group: 

The Delphi Group was created in 1988.  With creativity and innovation, the company has 

emerged as Canadaôs leading strategic consultancy to business leaders and policy makers in 

the areas of health and the environment, clean energy, climate change, environmental 

technologies and organizational sustainability. Delphi has a long history of bringing together 

organizations that would not normally work together, creating powerful agents for change. 

About ICO2N: 

ICO2N, the Integrated CO2 Network, is an initiative to advance carbon capture and storage 

(CCS) in Canada.  Over the last four years, ICO2N has built up extensive knowledge and 

expertise on a full spectrum of CCS topics and has shared this knowledge with industry, 

government and the public.   

The initiative is comprised of 17 member companies from a cross-section of Canada's large 

industrial CO2 emitters.  Its members represent industry participants supportive of providing a 

safe and effective framework for carbon capture and storage development in Canada. 
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RESULTS SUMMARY 

Results of a comparative analysis of emission reduction and cost results for the GHG emission 

reduction alternatives considered in this report are presented below.  For details on results from 

individual GHG emission reduction alternatives, please see the main section of the report. 

Annual Emission Reductions 2009 ï 2020 

Projected annual emission reductions for all alternatives are presented in Figure 1.1-1, and 

tabulated in Table 1.1-1 at the end of this section.  All emission reduction alternatives show a 

relatively gradual increase in annual emission reductions out to 2020, with the exception of 

nuclear power, which experiences step-wise growth (due to the reactor-specific analysis 

completed for nuclear power versus the more general analysis done for other areas). 

Key trends that emerge from these results are: 

 By 2020, total emission reductions for these alternatives is just over 140 Mt CO2e
i per 

year. 

 CCS has the most significant potential for annual reductions, based on an analysis of 

current and future drivers for installation/adoption in each sector and ICO2N estimates of 

potential CCS installed capacity 

 Nuclear, wind power and vehicle fuel efficiency improvements (in that order) also have 

significant emission reduction potential 

Other alternatives are projected to have less impact, with afforestation contributing the lowest 

level of emission reductions by 2020 

                                                
i
 CO2e represents the potency of a GHG (or sum of a number of GHGs) expressed in terms of an 

equivalent amount of CO2  
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Figure 1.1-1: Emission reductions from each alternative between 2009 and 2020 

 

Net Cost of Emission Reductions 2009 ï 2020 

Net costs of emission reductions (not considering any government incentives) for all alternatives 

are tallied in Table 1.1-2 at the end of this section.  For emission reduction alternatives where a 

range of costs were considered, the average cost has been used. 

Generally speaking, net costs of emission reductions for this report were assumed static over 

time for the following main reasons: 
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 Modeling of cost over time for most initiatives was beyond the scope of this report 

(except where data was readily available, such as for PV). 

 Revenue from different alternatives (e.g. based on price for electricity, gasoline, diesel, 

etc.) was assumed to be static since the complexity of modeling changes in these 

values, including the interrelated nature of commodity sale prices with costs of each 

alternative (e.g. an increase in the sale price of electricity will also cause cost of 

production to increase where grid electricity is required for production) was beyond the 

scope of work for this report. 

 

For a discussion of net cost results, please see the following section where supply curves are 

presented and discussed. 

With the exception of the bioethanol and biodiesel tax incentives, the effect of incentives on 

price was not quantified in this report due either to difficulties in assigning values of larger funds 

to individual projects or gauging the effect of provincial incentives on Canada-wide supply and 

cost predictions.  This report does contain information on existing incentives in each alternatives 

section. 

Net Cost vs. Supply: 2012, 2015, 2020 

Based on the emission reduction and net cost data discussed above, net cost vs. supply curves 

were prepared for three different years within the analysis period: 2012; 2015; and 2020.  

Discussion is provided below each of the curves, and at the end of this section for all three 

figures. 
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In interpreting these results, it should be stressed that: 

 For a number of the alternatives considered, a range of costs as well as potential 

emission reductions were identified ï in these figures only average costs and emission 

reductions are presented.   

 Most costs and revenues (and as a result net costs) were assumed to be static over 

time.  However, in reality costs and revenues will certainly vary.  In particular, energy 

commodity prices are expected to rise over time such that those alternatives that 

produce energy commodities (e.g. electricity, fuel) will likely see net costs drop over time 

versus the results that are presented here. 

 For electricity-generating alternatives, it was assumed that combined cycle natural gas 

at 0.34 tCO2e / MWh is being displaced.  In some jurisdictions, this will underestimate 

potential benefits (and thus overestimate cost / tCO2e), and in others this may overstate 

benefits. 

 For some alternatives, only limited cost data was available (particularly for vehicle fuel 

efficiency, afforestation, and agricultural sinks). 

 Vehicle fuel efficiency costs are reported from the manufacturer perspective and assume 

that associated costs could not be passed on to consumers.  Therefore, associated fuel 

cost savings that would result for consumers have not been included in the final tally.  

Assuming a gas price of $1 per litre, consumer savings of approximately $400 per tonne 

CO2e could be expected, far outweighing the cost for manufacturers to implement these 

improvements. 

 

Therefore, there is uncertainty associated with these results, which increases in future years. 
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Figure 1.1-2: Net Cost vs. Supply Curve for All Alternatives - 2012ii 

 

The 2009 cost vs. supply curve shows that net cost is either zero or positive for all alternatives.  

CCS/EOR is absent from this figure as no installations are assumed before 2014. 

Costs for two of these alternatives bear additional mention.  Zero net cost for agricultural sinks 

has been assumed since it is expected that farmers would not go ahead with these measures 

                                                
ii
 Details of assumptions and calculations for cost and potential supply of each reduction alternative can 

be found within the individual alternative sections located below the report summary. 
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unless they were at least able to break even.  However, actual net cost might be negative (i.e. a 

net revenue) in some circumstances, whereas for farms that have not yet adopted the practice, 

net cost may be positive.  Also, the net cost for vehicle fuel efficiency improvements is quite 

high in this figure ï this net cost has, however, been estimated from the vehicle manufacturerôs 

perspective.  From a consumer perspective, there would be a significant net negative cost (i.e. a 

net source of revenue) given the cost savings associated with consuming less fuel. 
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Figure 1.1-3: Net Cost vs. Supply Curve for All Alternatives ï 2015iii 

                                                
iii
 Details of assumptions and calculations for cost and potential supply of each reduction alternative can 

be found within the individual alternative sections located below the report summary. 
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The 2015 net cost vs. supply curve sees major changes from 2009.  Most notably, CCS from 

chemical/fertilizer/upgrader facilities using gas and CCS from coal power plants now appear.  

The largest emission reduction continues to be wind, due to the aggressive provincial RFPs 

expected to result in significant increased capacity by 2015.  Other observations include:  

 Vehicle fuel efficiency becomes increasingly significant, having the highest reductions 

behind wind and nuclear 

 Rather than make an assumption about the % of CCS with and without EOR, the price 

per tonne reduced is shown for each CO2 source with and without EOR 
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Figure 1.1-4: Net Cost vs. Supply Curve for All Alternatives - 2020iv 

 

In the 2020 net cost vs. supply graph, carbon capture and storage, nuclear, wind and vehicle 

fuel efficiency dominate the reductions;  

 Ag sinks, PV and afforestation represent the smallest sources of reductions; 

 The supply of reductions from agricultural sinks, small hydro, PV, LFG, biofuels and 

afforestation represent only about 1/6th of total reductions  

                                                
iv
 Details of assumptions and calculations for cost and potential supply of each reduction alternative can 

be found within the individual alternative sections located below the report summary. 
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When examining all three net cost vs. supply curves together, notable observations include: 

 All alternatives with the exception of agricultural sinks represent a net cost per tonne of 

CO2e reduced 

 The portion of total emission reductions from alternatives with costs under $50/tCO2 - 

(i.e. nuclear, afforestation, biodiesel, small hydro, landfill gas collection, and agricultural 

sinks) shrinks considerably between 2009 and 2020, from ~60% to 29%. 

 A CO2 price of $15 / tonne (if a Canadian emissions trading scheme adopts a tech fund 

similar to Alberta) would have relatively little impact on making most emission reduction 

options a net source of revenue (note that some of the alternatives considered here will 

not qualify for generation of emission credits, such as nuclear energy and vehicle fuel 

efficiency improvements). 

 Many alternatives that are listed as having net costs associated with them are in fact 

being undertaken today.  Reasons for this include that: 

o Government or other incentives / subsidiesv of one form or another have allowed 

these activities to be more profitable 

o these curves indicate project average costs; for some alternatives, net cost 

ranges significantly such that in some circumstances (e.g. under ideal conditions, 

etc.) projects would have a net negative cost 

o Revenue for some project types is higher than the average assumed here 

(notably for renewable energy where fixed-price power purchase agreements 

may include a price for power higher than the average that is subsidized by the 

government and/or electricity rate payers) 

 

                                                
v
 These vary based on the emission reduction alternative considered. Please refer to individual sections 

for details on available incentives and subsidies. 
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Impact of Government Incentives 

The impact of government incentives is difficult to determine, especially since the termination of 

the ecoENERGY incentive.  No incentive has been devised by the federal government to 

replace this incentive and hence incentives now tend to be concentrated at the provincial level.  

Of current incentives, some represent money earmarked for project development, which is 

difficult to quantify in terms of single project impacts, and others are not fully defined yet.  The 

Ontario Green Energy Act will include a series of feed-in tariffs for renewable energy projects, 

but these tariffs are not expected to be released until July 2009. 

The only sector that currently has easily quantifiable incentives is the biofuels sector. 

 Bioethanol: $0.10 per litre federal tax exemption at the pump resulting in a $98/tCO2 

subsidy  

 Biodiesel: $0.04 per litre federal tax exemption at the pump resulting in a $17/tCO2 

subsidy  
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Conclusions 

Conclusions that can be drawn from the results presented in this report include: 

 Carbon capture and storage (with and without enhanced oil recovery), nuclear power, 

wind and vehicle fuel efficiency improvements (in that order) present the most significant 

opportunities for emission reductions (in terms of total volume) out to 2020 of the GHG 

emission reduction alternatives considered in this report. 

 The majority of emission reduction alternatives appear to have, on average, not 

insignificant net costs associated with them on a per tonne of CO2e emission reduction 

basis that will need to be addressed through various measures including increased 

consumer costs, government incentives and technological improvements, if these 

activities are to proceed and realize emission reductions. 

 Of the major emission reduction alternatives identified (on a supply basis), CCS from 

power generation with EOR and nuclear appear on average to offer the lowest cost per 

tonne of emission reduction. 

 

In drawing conclusions from the presented results, one must of course recognize the uncertainty 

associated with the key assumptions used in this report.  This uncertainty is due to various 

factors, including the use of averages and other simplifying assumptions to assess generally 

quite complicated systems, lack of data in some cases, and inherent uncertainty in making 

future projections of technology performance. 

However, the intent of this report is primarily to illustrate potential future emission reduction 

scenarios based on transparently presented and documented assumptions so that readers may 

come to their own conclusions regarding the appropriateness of assumptions and thus the final 

results.  To this end, readers are encouraged to consider the various assumptions made in 

preparing the analysis for this report, and consider how the results (captured in the net cost vs. 
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supply curves presented previously) and conclusions offered would change with changes to 

these underlying assumptions.  

Table 1.1-1: Average Emission Reductions for All Alternatives (MtCO2e / year) 

Average Emission Reductions for All Alternatives (MtCO2e / year)

Alternative 2012 2015 2020 Post 2020 Outlook

CCS - In-Situ 0.00 0.00 30.00 Volumes should continue to increase.

Nuclear 6.59 10.05 23.62

Continued development of nuclear energy will depend 

significantly on public perception and budgetary track 

record for current refurbishments / new builds. 

Wind 4.13 12.76 21.12 Volumes expected to increase

Vehicle Efficiency 1.61 6.41 17.65

Vehicle fuel efficiency expected to continue to improve.  

Shifts away from gasoline engines (e.g. H2, electric) 

also more likely.
CCS - C/F/U 0.00 2.00 13.00 Volumes should continue to increase.
CCS - Coal Power 

Generation 0.00 2.00 12.00
Volumes should continue to increase.

Bioethanol 3.09 4.27 6.40

Continued shift to cellulosic should see volumes 

increase, particular if E85 infrastructure developed

LFG Collection 2.74 4.07 4.89

As more and more waste diversion occurs, and existing 

landfill gas collection is maximized, volumes will 

eventually decrease.

Small Hydro 1.39 2.43 4.06

Ideal / economical sites will eventually all be developed, 

limiting further supply

Biodiesel 1.05 1.98 3.54

Continued increase in volumes expected, particularly if 

use of higher concentration biodiesel blends increases.

Agricultural Sinks 2.19 2.97 2.97

No further increases in sequestration expected as no-till 

practices become adopted in all suitable cropped areas.

PV 0.09 0.34 2.49 Volumes should continue to increase.

Afforestation 0.19 0.33 0.56 Uncertain  
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Table 1.1-2:Net Cost of Emission Reductions from All Alternatives ($ /t CO2e) 

Net Cost of Emission Reductions from All Alternatives ($ / tCO2e)

Alternative 2012 2015 2020 Post 2020 Outlook

Agricultural Sinks 0.00 0.00 0.00

No further increases in sequestration expected as no-

till practices become adopted in all suitable cropped 

areas.

LFG Collection 10.00 10.00 10.00 No changes expected fro productive sites.

Small Hydro 24.72 24.72 24.72

Ideal / economical sites will eventually all be 

developed, so costs will rise.

Biodiesel 25.96 25.96 25.96 No significant changes in cost expected.

Afforestation 30.36 30.36 30.36

Costs will increase as suitable land becomes more 

scarce / as value of land increases.

Nuclear 47.60 47.60 47.60

Costs should drop as new technologies are 

developed, but uncertain.

CCS - Coal Power 

Generation 111.00 111.00 111.00
Costs should drop as the technology matures

CCS - C/F/U 136.00 136.00 136.00 Costs should drop as the technology matures

PV 334.39 254.50 145.86 Costs should continue to drop.

Bioethanol 160.92 160.92 160.92

Continued shift to cellulosic should see costs 

continue to drop

Wind 172.42 172.42 172.42

Costs may increase if material costs (e.g. steel, 

copper, etc.) rise due to global demand, and as more 

lucrative sites are developed.

Vehicle Efficiency 178.00 178.00 178.00

Costs for further improvements will likely increase, 

though costs will likely be more than offset by 

consumer fuel cost savings (these savings have not 

been considered in this report).

CCS - In-Situ 211.00 211.00 211.00 Costs should drop as the technology matures  
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1 Overview 

1.1 Introduction 

The Delphi Group was commissioned by the Integrated CO2 Network (ICO2N) to report on the 

potential supply, timing, and cost of GHG emission reductions from a variety of GHG emission 

reduction alternatives in the Canadian context out to the year 2020.   

For this report, the following GHG emission reduction alternatives were considered: 

 Afforestation 

 Agricultural Sinks (no-till farming) 

 Biofuels (bioethanol and biodiesel) 

 Carbon Capture and Storage / Enhanced Oil Recovery 

 Landfill Gas Collection 

 Nuclear Power 

 Photovoltaic (PV) Power 

 Small Hydro Power 

 Vehicle Fuel Efficiency Improvements 

 Wind Power 

 

The emission reduction alternatives selected were not intended to represent the full range of 

GHG emission reduction alternatives available in Canada, but instead to provide a sampling of 

some commonly considered actions across a variety of sectors.  Notably absent from this list is 

energy efficiency (residential, commercial, industrial) ï energy efficiency certainly represents a 

significant opportunity for emission reductions, but it was not possible to include it within the 

scope of the report. 
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For each alternative, supply, timing and cost of potential GHG emission reductions were 

assessed from new actions undertaken in the year 2009 and forward to 2020.  Therefore, 

emission reductions resulting from actions within a particular area prior to 2009 have been 

purposely excluded from consideration.  This means that emission reductions related to 

production capacity (or the equivalent in areas where production capacity is not applicable, such 

as agricultural sinks) installed prior to 2009 have not been assessed, even if that capacity is 

expected to operate in 2009 and beyond.  This restriction was intended to allow for a focus on 

potential actions going forward, versus emission reductions based on decisions that have 

already been made. 

About The Delphi Group: 

The Delphi Group was created in 1988.  With creativity and innovation, the company has 

emerged as Canadaôs leading strategic consultancy to business leaders and policy makers in 

the areas of health and the environment, clean energy, climate change, environmental 

technologies and organizational sustainability. Delphi has a long history of bringing together 

organizations that would not normally work together, creating powerful agents for change. 

About ICO2N: 

ICO2N, the Integrated CO2 Network, is an initiative to advance carbon capture and storage 

(CCS) in Canada.  Over the last four years, ICO2N has built up extensive knowledge and 

expertise on a full spectrum of CCS topics and has shared this knowledge with industry, 

government and the public.   

The initiative is comprised of 17 member companies from a cross-section of Canada's large 

industrial CO2 emitters.  Its members represent industry participants supportive of providing a 

safe and effective framework for carbon capture and storage development in Canada. 
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1.2 Report Outline 

This report is organized as follows: 

Preface 

 Executive summary, results summary, and conclusions 

Section 1 

 Overview / Introduction 

Section 2 

 Detailed analysis - each GHG emission reduction alternative is discussed in detail in its 

own chapter.  For each alternative, the following sub-sections are provided: 

o Introduction 

o Supply and Timing of Activity 

o Calculating Emission Reductions 

o Cost of Activity 

o Revenue from Activity 

o Government Incentives 

o Summary of Assumptions 

o Results 

 

Section 3 

 References cited 
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1.3 Study Approach and Limitations 

This report is the product of research and analysis by a number of individuals each tasked with 

assessing one or more of the various GHG emission reduction alternatives.  For each 

alternative, the following general approach was taken: 

 Conduct a literature review (primarily internet-based) to identify relevant information on 

the supply, timing and cost of the activity and associated emission reductions. 

 Compile the results of literature review and prepare a preliminary spreadsheet-based 

analysis of supply, timing and cost from 2009 to 2020.  Based on this analysis, identify 

gaps. 

 Identify and engage key external subject matter experts within government, industry, etc. 

to confirm preliminary research and fill in gaps. 

 Based on information gathered, update the analysis, and make simplifying assumptions 

as necessary where significant uncertainty existed, where data was unavailable, etc. 

 Update the text-based research summary and ensure that assumptions and analysis 

approach are fully documented. 

 

Following completion of the individual sections, a spreadsheet-based analysis was performed to 

bring all results together in a limited set of tables and figures for easy comparisons between 

alternatives. 

As part of the above process, it was necessary to make simplifying assumptions and limit the 

extent of analysis to keep the project within the original scope of work as much as possible.  

This reality, along with the inherent uncertainty of future predictions of complex systems, has 

resulted in some limitations, as noted below. 
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Key limitations 

 In many cases, ranges of costs and activity levels/emission reductions were identified.  

However, for simplicity, for final comparative analysis average values were used instead of 

using the ranges or breaking the individual alternatives down into sub-alternatives based on 

cost and/or supply (e.g. in the case of wind power, sub-options could include: ideal wind 

regime; marginal wind regime; located near a transmission line; isolated location; etc.).  As a 

result, some alternatives are listed as having associated net costs even though some types 

of projects within a particular area may already be profitable. 

 Net cost of an activity is influenced by both the cost of the activity and the potential revenue 

from the activity.  In many cases, one or both of these was very difficult to estimate within 

the scope of this report, particularly over time.  For instance, most people would agree that 

the cost of fossil fuels and grid electricity (which are key factors in determining potential 

revenue from many alternatives) will rise in the future.  However, the extent and timing of the 

rise are highly uncertain.  Also, the extent to which these changes also affect the cost of 

alternatives (e.g. higher electricity prices would make PV manufacturing more expensive) is 

also difficult to accurately predict at the level of detail included in this report.  To make the 

results easier to interpret, these factors have therefore generally been assumed to remain 

static over time (except where data on changes was available, such as for costs of PV), 

thereby allowing the reader to consider what different changes in these prices might have on 

overall results. 

 One of the initial goals of this report was to separate the value of government incentives 

(e.g. grants, per unit of production incentives, tax breaks, etc.) from other cost and revenue 

data for each alternative.  However, in practice, quantitatively determining the impact of 

incentives is a very challenging endeavour that generally fell outside the scope of this report.  

Therefore, only in limited circumstances (e.g. where national $ per unit of production ï e.g. 

$/kWh, $/litre, etc. ï were available) were incentives quantitatively determined and analyzed 
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(qualitative description of government incentives are provided in each section, though).  

However, in the final comparative analysis section, only results excluding incentives are 

compared to ensure a level playing field for all alternatives.  A result of this approach is that 

many alternatives are listed as having associated net costs, whereas with current 

government incentives some alternatives may already be profitable (as evidenced by the 

fact that virtually all of these alternatives are currently being undertaken to some degree). 

1.4 Sensitivity of Results 

The potential supply and cost estimates derived in this report required a significant number of 

assumptions.  In many cases, the supply and cost estimates are very sensitive to these 

assumptions.  Table 1.4-1 summarizes key assumptions over and above the standard 

assumptions of constant costs, fixed electricity prices and others described above for each 

sector and briefly describes the affect that each of these assumptions has on the sector results. 
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Table 1.4-1: Overview of sensitivity of cost and supply to assumptions made in the analysis 

Sector Assumption Affect

AgSinks No major assumptions that are likely to 

have a significant affect on the cost and 

supply of reductions

Biofuels Costs and revenues from biofuels 

productions and sales (including the 

wholesale rack price of gasoline and 

diesel) are equivalent.

The cost per tonne reduction for ethanol is very 

sensitive to the net cost of ethanol.   For example, 

a 10 cent/L difference in the net cost is equivalent 

to ~$98/tCO2. The cost per tonne reduction for 

biodiesel is slightly less sensitive with a 10 cent/L 

difference in net cost resulting in a ~$45/tCO2 

difference.

Landfill Gas No major assumptions that are likely to 

have a significant affect on the cost or 

supply of reductions

Electricity 

Generation 

(Nuclear, PV, 

Small Hydro 

and Wind)

There are a range of assumptions to 

which electricity generation projects are 

sensitive:

- costs for power generation are chosen 

from a range

- the capacity factor which is used to 

calculate the amount of power generated 

is an average chosen from a range

-supply data is based RFPs, industry 

predictions and project announcements; 

various assumptions must be made 

(detailed in the individual sections) in 

order to develop a supply prediction

A $1/MWh difference in the net cost of generation 

is equivalent to ~$3/tCO2e.  The net cost of 

generation is equal to the cost of power 

generation subtracted by the Levelized Unit 

Energy Cost (LUEC).

The supply predictions presented are deemed the 

most likely supply scenarios given current 

indications of future supply.  However, future 

government announcements will likely have a 

large affect on the actual future supply.

Vehicle Fuel 

Efficiency

Cost per tonne estimates for this report 

are based on the average of those 

developed by 2 external studies, which 

differed widely in their conclusions .

The range in estimates suggests strong 

sensitivity to the factors used to develop cost 

estimates, however these are not clearly stated in 

the references.  Actual costs of vehicle fuel 

efficiency reductions may increase or decrease 

by up to 50%

Afforestation Use a conservative supply assumption 

based on feedback from industry experts

Given the high up front costs of 

afforestation and the need to wait for 

trees to mature before revenue is 

generated, cost per tonne reduction for 

afforestation is very sensitive to the 

discount rate used.  

Three different supply projections used to 

account for the fact that afforestation activity is 

extremely difficult to predict given the many 

challenges the sector faces including low rates of 

return and competing pressures on available land 

(see section 2.1.2.2).  The scenarios considered 

ranged from ~1,500 ha/year planted to 50,000 

ha/year which would result in supply differences 

of an order of magnitude.

A change in discount rate from 12% to 10% 

results in a $5/tCO2
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1.5 General Approach to Estimating Electricity Sale Price 

Since a number of the alternatives examined in this report involve production of electricity for 

sale to the grid, the approach used in this study to estimate revenue from electricity sales is 

provided up-front here. 

Determining a representative price for grid electricity is an involved process that can be 

performed in a number of ways.  A thorough analysis of grid electricity prices is beyond the 

scope of this report; however efforts have been made to use numbers that provide a realistic 

representation of Canadaôs electricity grid.  The Canadian electricity supply mix from Canadaôs 

GHG Inventory1 is used to provide the current mix of primary technologies used for electricity 

generation in Canada, and prices for those technologies were obtained by various sources.   

For this report, the average price for grid electricity is based on levelized unit energy cost 

(LUEC) in units of $/MWh.  The LUEC is defined as ñthe price of electricity output required by a 

plant to recover exactly the net present value of all capital, operation and maintenance, fuel, and 

decommissioning costs expected to be incurred over its economic lifeò.2  It has been assumed 

here that on average, the price paid for power should be very close to the LUEC.  In reality, the 

actual price paid might be different; for instance, wind power projects typically enter into power 

purchase agreements at prices that might be higher than the average.  However, these higher 

costs would represent an additional subsidy paid by rate payers, the government, etc. above 

and beyond the typical price, so for the purposes of this study, the LUEC approach was 

selected.  Ranges of LUECs were examined to provide a more accurate reflection of the range 

of costs associated with electricity generation (for example, the cost projected for a nuclear 

plant varies significantly when assumptions about the Weighted Average Cost for Capital 

(WACC) are changed).  LUEC values and grid mix % assumed for common grid electricity 

generating sources are summarized in Table 2.3-1. 

.  
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Table 1.5-1: LUEC and Grid Mix Assumptions 

Source 

LUEC ($/MWh) Canada 

Grid Mix 

% 

Sources / Notes 
High Low 

Coal and Oil 

(assume all 

Coal) 

90.90 43.10 18.7% 

High value estimated from cost of coal 

gasification; low value from NRCan.3 

Natural Gas 100.00 48.00 4.8% 

High and low values sourced from the BC 

Energy Plan4.  Ontario Power Authority 

values5 were also consulted. 

Wind and other 

renewables 
102.90 60.00 0.9% 

Values taken from the European Wind 

Energy Association6 and OPA.7 

Nuclear 88.64 65.00 17.2% 
Various sources, see the Nuclear Section of 

this report for details. 

Hydroelectric 62.00 43.00 58.4% 

Values taken from BC Energy Plan8.  OPA 

values were also consulted, but a high value 

of $99.90/MWh was discarded as being 

unrepresentative of typical hydro power. 

Weighted 

Average 
74.10 47.17 n/a 

Weighted average based on grid mix % of 

each generating source. 
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Based on these LUECs and grid mix percentages, along with 2006 grid electricity production of 

536,380 GWh (excluding biomass), the following weighted average prices for electricity were 

estimated: 

 High Price: $74.10 / MWh 

 Average Price: $60.64 / MWh 

 Low Price: $47.17 / MWh 

While it is expected that grid electricity prices will increase in the future, accurate prediction of 

this increase is very difficult.  Therefore, price for grid electricity is assumed to be static over 

time, allowing readers to consider future increases in electricity price as they feel appropriate. 
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2 Individual Alternatives Assessments 

2.1 Afforestation 

2.1.1 Introduction 

For this GHG emission reduction alternative, it is important to distinguish between afforestation, 

reforestation and forest management.  According to the United Nations Framework Convention 

on Climate Change (UNFCCC) Secretariat:    

 ñAfforestation and reforestation (AR) activities refer to the conversion of non-

forested land to a forested state. Afforestation means the human-induced 

conversion to forest of land that has been non-forested for at least 50 years at 

the time of conversion; reforestation refers to the conversion to forest of land that 

has been non-forested for a shorter period of time. Since the methodologies for 

estimating emissions and removals from afforestation and reforestation are 

identical, the two activities are treated as one for reporting and accounting 

purposes under the Kyoto Protocol.ò9 

AR activities (which will be collectively referred to as afforestation from this point forward) result 

in CO2 removals from the atmosphere since trees store carbon as they grow.   

2.1.2 Supply and Timing of Activity 

2.1.2.1 Current Status 

Afforestation has been occurring across Canada for many reasons, including for wind breaks 

and soil erosion control within land suitable for tree planting, and more recently due to boost 

wood fiber source close to mill locations.  Historical data on afforestation activity is maintained 
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by Natural Resources Canadaôs within its Forest Management data, as well as in Environment 

Canadaôs ñland converted to forest landò GHG accounting category. 

No afforestation activity has been reported since 2005 (though some is still expected to have 

occurred), evidence that afforestation is often not economically viable in the absence of 

incentives.  A recent detailed study on the investment attractiveness of afforestation in Canada 

concluded that in the absence of a price for carbon, rates of return on afforestation activities 

would be 4% or less.10  In other words, fibre benefits alone are not expected to generate any 

significant afforestation activity in Canada.  Another publication by the University of 

Saskatchewan concluded that ñthe net private benefits from afforestation were never significant 

enough to warrant the conversion of either crop or pasture systems to afforestationò, and that 

afforestation only becomes viable with a carbon payment of either $22.58 or $33.55 tonne of 

carbon.11 

Natural Resources Canada reports that 7300 hectares were afforested in 2003, 9200 in 2004, 

and 9400 in 2005.12  This activity coincides with two federal initiatives, both now complete, 

which spurred the bulk of afforestation in the last decade:  

1. Forest 2020, oriented to demonstrations, promote incentives for fast growing trees 
around mills. 

2. FAACS, an action plan under the Liberal government from 2002-2005 with a specific 
focus on carbon sequestration, including landowner surveys to see if they would 
contribute land.  

 

The Forest 2020 PDA Initiative, which ended on March 31, 2006, was a pilot study to analyze 

the potential to attract large scale private investments in future plantations, by encouraging 

investment related to the combined benefits of wood fibre and carbon sequestration. 

Additionally, it demonstrated the contribution from fast-growing trees to help offset greenhouse 

gas emissions.13  The initiative, provided by the Canadian Forestry Service (CFS), helped 
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establish over 6,000 ha of fast-growing plantation demonstration sites on private lands.  It is 

interesting to note that the plantings of hybrid poplars that occurred throughout this initiative 

form a marked deviation from the types of trees planted historically, which have strongly 

favoured softwoods.14  

The second major initiative in Canada was the Government of Canadaôs Feasibility Assessment 

of Afforestation for Carbon Sequestration (FAACS) initiative, completed in March 200515. This 

initiative focused on collecting data on afforestation that was verifiable and consistent with 

definitions in the Kyoto Protocol. Most of the planting occurred in Quebec and Ontario. The 

FAACS national database shows that there was afforestation in an area of approximately 100 

000 ha between 1990 and 2002.16  

Figure 2.1-1 shows historical trends for various regions in Canada for the period 1990 to 2002.  

The overall trend is a decrease in afforestation during this timeperiod, attributed to decreasing 

rates of forest planting in eastern Canada, as well as the gradual transfer of lands afforested 

more than 20 years ago out of the afforestation (ñland converted to forest landò) GHG 

accounting category, and into the ñforest land remaining forest landò category.17  However, 

Prairie Provinces show a gradual increase, largely due to the activities of two forest products 

companies interested in boosting fibre supply close to their mills.18 In the Atlantic provinces, 

there was no apparent trend in the annual number of plantings, while data from British Columbia 

are not included in this figure because data were only available for 1992 to 1996.19 
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Source: White and Kurz, 2005.
20

 

Figure 2.1-1: Annual area planted in Canada from 1990 to 2002.  

2.1.2.2 Supply Limits 

Estimates using satellite imagery show that there are approximately 64.8 million hectares of 

agricultural land in Canada, with the amount of land suitable for afforestation varying depending 

on economic and biophysical conditions.21 Current research estimates that the maximum area 

on which afforestation is theoretically viable is around 9 million hectares22 (The range is 7 to 11 

million ha of land that can be used for afforestation23).  However, the FAACS study cited above 

concludes that the maximum area of land realistically viable for afforestation is more likely in the 

1,123,000 to 1,402,000 ha range. 24  Much of the available land is under private ownership, and 

is comprised mostly of marginal agricultural land, including pasture, water margins and areas 

that have low fertility or are rocky, isolated, impede drainage, etc., and are thus difficult to till.25 
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Of course, the area considered viable depends on many factors, though the main factors 

influencing activity are landowner interest and economic attractiveness, which in turn is 

influenced by factors such as suitability of local conditions for tree growth, costs of 

establishment, transportation costs, and proximity to mill locations.26   

Other limitations on afforestation include, but are not limited to: 

 permanence of the removals - once trees are harvested, or die (age, disease) or are 
destroyed by natural hazards (fire, flooding, invasive species), the removal is essentially lost 
unless replanting occurs.  However, such replanting does not represent new removals, but 
instead simply maintains the removals that have already occurred. 

 competing pressures on available land for such options as biofuels, either through using 
land to produce corn for ethanol, or using marginal land for other biofuel feedstocks (e.g. 
switchgrass). 

 high initial cost of new plantations but delays in realizing credits as removals spread over 
many years 

 lack of long-term incentives to encourage land-use changes 

 logistical challenges such as seed stock availability, planting labour, infrastructure for 
remote locations, lack of knowledge base to manage plantations 

 variances in carbon sequestration rates due to soil conditions and management practices27 

 landowner reluctance to enact land-use change28 
 

Given these challenges, afforestation is not expected to occur on the bulk of the maximum 

identified potential of 7 to 11 million ha of land anytime near the timeframe of this study. 

2.1.2.3 Short and Medium-Term Outlook (2009 ï 2020) 

Afforestation, as a method to remove GHGs from the atmosphere, is well suited to tropical 

climates where trees mature quickly. A key concern for Canadaôs afforestation program is the 

fact that tree growth is dependent on climate (temperature and rainfall) as well as soil 

types/nutrients.  This suggests that there would be a limit based not only on the amount of land 

available, but also on the carbon sequestration rates due to climatic and species differences.  
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Thus, it would be expected that some regions of Canada would be more suitable for 

afforestation than others. 

Hall et al. (2004) found a high level of afforestation activity in three ecoregions (Boreal 

Transition, Mid-Boreal Uplands, and Peace Lowland), with only 4% of afforestation sites 

occurring in the mixed and moist-mixed grassland ecoregions, which have low levels of 

available moisture; this may affect the amount of land available for afforestation.29  Depending 

on the tree species, there is a difference in carbon sequestration rates and maturing range. For 

example, fastest growing trees are hybrid poplars which have a 14-20 year maturing range; 

however, most species require 80-100 years.30   

Despite the challenges discussed, some drivers for future afforestation include: 

 potential revenues from carbon credits  

 intensive forest management for fibre production to offset regional fibre shortages;31 

 Pulp, bio-energy and timber market/demand for mature afforestation products; 

 biodiversity conservation; and 

 non-market benefits such as reduced soil erosion, improved water quality, increased wildlife 
habitat, riparian buffer zones, and aesthetic appeal.   

 
To assess the future potential for afforestation in Canada, and to calculate associated emissions 

removals according to the approach described above, it is necessary to consider the following 

variables: 

 Types of trees being planted 

 Rate of planting 

 Growth rate of trees 

 Years to maturity (after which time, no further removal occurs) 

 Carbon sequestration rate. 
 
These variables will be discussed sequentially below. 
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Types of trees 

Due to sparse literature on trends for future afforestation activity, historical data adjusted to 

account for recent drivers is used to develop assumptions regarding the types of trees likely to 

be planted in the timeframe of this study.   

The FAACS initiative, which collected information on the planting mix across Canada, is used as 

the source for historical data.  According the FAACS Backcast Report, softwoods were planted 

more frequently than hardwoods by a ratio of 3 to 1 on a national level between 1990 and 2002.  

Softwood plantings were dominant in most regions, with the exception of the Prairie Provinces, 

where hardwood plantings were more common.  Poplar plantings represented only 3% of total 

afforestation activities.32  

The hybrid poplarôs lack of aesthetic appeal surfaced as an important issue for many 

landowners, who own the bulk of the land available for afforestation.  The landowner surveys 

that occurred as part of the FAACS program concluded that most landowners want trees for 

ñaesthetics, nature, wildlife habitat and economic returnsò.33    

As such, it is assumed that for most landowners, the higher timber value of hardwood and 

softwood species compensates their longer rotation periods, and that softwoods will continue to 

dominate in new afforestation activities. 

However as discussed above, the Forest 2020 Initiative provided incentives for fast growing 

trees around mills, resulting in a dramatic rise in the number of poplar plantings in the years 

2004 and 2005.  These have proven to be good value for mill producers due to their shorter 

rotation periods.  In this timeframe, poplar plantings represented 52.4% of all trees planted.  

Therefore it is assumed that looking forward to 2020, there will be an increase in hybrid poplar 

plantings over historical figures to account for increased fibre demand. 
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As such, the following planting mix has been assumed for the analysis used in this report.  It is 

important to note, however, that this represents only one of many possible future planting 

scenarios. 

Hybrid Poplar: 15% 

Conifer (softwood): 55% 

Hardwood: 30% 

Rate of planting 

Various predictions exist in the literature for rates of future afforestation in Canada, covering a 

wide range of planting rates.   

Based on historical planting rates, an estimate of 1,500 ha / year was made in the year 200034, 

which is considered rather conservative though perhaps reflective of the challenges faced by 

the sector.    

Rough estimates by the Canadian Forestry Service, based on 2000 to 2007 trends, for three 

potential afforestation scenarios in the absence of incentives out to 2030 are: a low scenario of 

2,675 ha / year; a medium scenario of 7,385 ha / year; and a high scenario of 16,310 ha / 

year.35 

Another reference36 provides another more optimistic estimate for planting rate, as detailed in 

Table 2.1-1.  When all types of afforestation actions presented in Table 2.1-1 are combined, 

total Canadian afforestation potential over a fifteen year period is estimated at 843,000 

hectares, giving a third estimate of 56,200 ha / year (this includes both fast-growing and slow-

growing plantations).   
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Table 2.1-1: Estimates of Canadian Afforestation Sink Potential 

 

Since further refinement of these estimates is not possible within the scope of this study, three 

estimates have been analysed: 

 Low: 1,500 ha / year  

 Medium: 7,385 ha / year 

 High: 56,200 ha / year 
 

As mentioned above, while no afforestation activity was reported over the last three years, 

Natural Resources Canada has indicated that it expects that some activity nevertheless 

occurred.  As such the low estimate is most likely to represent afforestation activity in the 

absence of a carbon market or other incentives.    
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The high estimate is included to provide perspective on the potential GHG reduction 

contributions of the afforestation sector when supported by a carbon market, and/or other 

incentives.   

The medium estimate is used for the purposes of the comparative analysis performed for 

this report.  

It should be noted that these estimates result in total afforestation over the 2009 ï 2020 period 

well below the estimated theorectical potential for afforestation in Canada of 9 million hectares, 

and the realistically viable potential of 1,123,000 to 1,402,000 ha cited above.   

Growth rate  

A Cost-Benefit Information System on Afforestation in Canada37 provides the following national 

ranges for tree growth: 

 Hybrid poplar: 4 ï 23 m3/ha/year 

 Conifers: 3 - 8 m3/ha/year 

 Hardwoods: 3 ï 7 m3/ha/year. 
 

It should be noted that average growth rates were assumed, as detailed in Table 2.1-2. 
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Years to maturity 

The number of years to reach maturity (the rotation period) for the tree types considered in this 

report is based on A Cost-Benefit Information System on Afforestation in Canada.38  Once 

planted, a tree will be assumed to sequester carbon for the duration of its rotation period, after 

which time sequestration will be zero. 

Poplar: 20 years 

Conifer: 50 years 

Hardwood: 50 years 

Carbon sequestration rate 

Determining the amount of carbon a tree can sequester over its lifetime can be an involved 

process.  Carbon sequestration can vary significantly across and within geographical areas, 

even for the same type of tree.  In addition, trees sequester carbon non-linearly.  Obtaining 

accurate values would involve soil sampling by plantation, a burdensome and costly exercise.   

Sequestration rates provide average values for the amount of carbon a tree is expected to 

sequester over its lifetime. Ideally regional sequestration rates should be used to more 

accurately reflect the amount of carbon stored.  However for simplicity national sequestration 

rates based on IPCC rules are used for this study.  To account for permanence issues, IPCC 

rules are based on after harvest sequestration values, as harvested trees are considered as 

CO2 emissions within that particular protocol. 

The sequestration rates used for this study are: 

Poplar:     10.08 tCO2 / ha / year39 

Conifer:      5.89 tCO2 / ha / year40 



INTEGRATED CO2 NETWORK GHG ALTERNATIVES REPORT UPDATE 9.11.09 ///  PAGE 22 

 

///  2.0 Individual Alternatives Assessments 

 

 

 

Hardwood:  5.24 tCO2 / ha / year41 

The continued expansion of total planted land plus the cumulative nature of this CO2e sink 

results in the continued growth of CO2e credits through the study period. 

2.1.3 Calculating Emission Reductions 

For this analysis, the GHG reductions will calculated based on the number of hectares planted 

and associated carbon storage rates.  

The emissions related to afforestation plantation establishment and maintenance are assumed 

to be negligible, therefore annual GHG sequestration from afforestation will be calculated based 

only on the carbon sequestration capability of the trees as follows: 

(GHGaff)=  (Aaff) X (CSR) 

Where 

 GHGaff=  GHG captured through afforestation per year (MtCO2e / year) 

 Aaff = area of land afforested for which the trees have not reached maturity (ha) 

CSR = carbon sequestration rate of trees (tCO2e / ha of growth) 

2.1.4 Cost of Activity 

The cost analysis uses the following parameters for the three major wood types (hybrid poplar, 

hardwood, and coniferous)42:   

 Average establishment costs;  

 Tending/treatment and monitoring costs; 

 Timber prices; 
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 Pulpwood prices; 

 Bioenergy wood prices; and 

 Average proportion of wood sold as pulpwood, bioenergy wood and timber wood. 

 

The two primary costs assumed with afforestation are establishment costs (e.g. tree planting) 

and maintenance.  Harvesting costs are factored into fibre values used. 

The costs per tonne of CO2 for each tree species were obtained by dividing the total annual net 

costs by the annual sequestration rates.  Results presented in Section 2.1.7 below represent a 

weighted average based on planting mix assumptions. 

Values used for the above costs are captured in Table 2.1-2 

2.1.5 Revenue from Activity 

Revenues associated with afforestation were assumed to be generated from: 

 the sale of pulpwood 

 the sale of timber wood 

 the sale of bioenergy wood 

 

Estimates for fibre prices above are converted into revenue per hectare based on assumed 

rates of tree growth, and assumed proportions of pulpwood, timber wood, and bioenergy wood.  

Note that because revenues are only realized at the end of a rotation period, net present values 

of future revenues were calculated. 

The net present values of the capital costs and revenues were then calculated by subtracting 

costs from revenues, and were annualized over the rotation period using a discount rate of 12%.  

The annualized costs were added to the yearly maintenance costs to give total annual net costs. 



INTEGRATED CO2 NETWORK GHG ALTERNATIVES REPORT UPDATE 9.11.09 ///  PAGE 24 

 

///  2.0 Individual Alternatives Assessments 

 

 

 

Any potential revenue resulting from the generation of carbon credits was not considered.  

Assumptions regarding revenue generated are captured in Table 2.1-2 

2.1.5.1 Government Incentives 

A wide range of past and present government programs have and continue to apply to 

afforestation (for examples of programs up to 2003, see Gilsenan, 200343).  The sheer volume 

of programs makes analysis of current government assistance impossible within the scope of 

this report and unfortunately no overall summaries of current assistance in terms of $/ha/year 

were identified.  

2.1.6 Summary of Assumptions 

The following table summarizes assumptions made for afforestation for this report.  Please see 

the individual sections above for details 

Table 2.1-2: Summary of Afforestation Assumptions 

Assumption Poplar Value Conifer Value Hardwood Value 

Supply 

Planting Rate 3 Scenarios, 15% of:  

 1,500 ha/year 
total 

 7,385 ha/year 
total 

 56,200 ha/year  

3 Scenarios, 55% of:  

 1,500 ha/year 
total 

 7,385 ha/year 
total 

 56,200 ha/year 

3 Scenarios, 30% of:  

 1,500 ha/year 
total 

 7,385 ha/year 
total 

 56,200 ha/year 

Growth rate  14 m3/ha/year 6 m3/ha/year 6 m3/ha/year 
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Supply 

Planting Rate  3 Scenarios: 1,500 ha/year total; 7,385 ha/year total; and 56,200 
ha/year  

 Tree type planting per planting mix assumptions 

Emissions 

Carbon sequestration 
rate 

10.08 tCO2 / ha / 
year44 

5.89 tCO2 / ha / year45 

 

5.24 tCO2 / ha / year46 

Sequestration period 20 years per tree 50 years per tree 50 years per tree 

Cost 

Cost for Capital 12%  12%  12%  

Average 
Establishment costs  

2,000 $/ha 1,500 $/ha 1,500 $/ha 

Tending/treatment 
and monitoring costs  

10 $/ha/year 5 $/ha/year 5 $/ha/year 

Total Annualized Cost    

Revenue  

Pulpwood price  9 $/m3 8 $/m3  8 $/m3 

Bioenergy wood price 7.5 $/m3 7.5 $/m3 7.5 $/m3 

Timber price  11 $/m3 25 $/m3 25 $/m3 

Proportion of 
pulpwood(%) 

85 10 10 

Proportion of 
bioenergy wood(%) 

10 10 10 

Proportion of timber 
wood(%)  

5 80 80 
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Annual Revenues, 
realized at end of 
rotation age 
($/ha/year) 

   

Government Incentives 

 No incentives determined on a per ha basis 
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2.1.7 Results 

Total Growing Hectares (ha)

Scenario 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

1,500 ha/year 1,500 3,000 4,500 6,000 7,500 9,000 10,500 12,000 13,500 15,000 16,500 18,000

7,385 ha/year 7,385 14,770 22,155 29,540 36,925 44,310 51,695 59,080 66,465 73,850 81,235 88,620

56,200 ha/year 56,200 112,400 168,600 224,800 281,000 337,200 393,400 449,600 505,800 562,000 618,200 674,400

Annual Carbon Sequestered (Mt CO2e / year)

Scenario 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

1,500 ha/year 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.09 0.10 0.11

7,385 ha/year 0.05 0.09 0.14 0.19 0.23 0.28 0.33 0.37 0.42 0.47 0.51 0.56

56,200 ha/year 0.36 0.71 1.07 1.42 1.78 2.13 2.49 2.84 3.20 3.55 3.91 4.26

Based on assumptions documented in text

Based on assumptions documented in text

 

Afforestation Costs ($ / ha)

Scenario 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

All scenarios 199 199 199 199 199 199 199 199 199 199 199 199

(Annualised plantation establishment cost)+(annual 

maintenance costs)

Afforestation Revenue ($ / ha)

Scenario 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

All scenarios 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0 58.0

Present value of future pulpwood, bioenergy and 

timber wood revenue  
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Afforestation Net Cost ($ / ha)

Scenario 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

All scenarios 191.9 191.9 191.9 191.9 191.9 191.9 191.9 191.9 191.9 191.9 191.9 191.9 Annualised net cost

Annual Net Cost for Total New Growing Hectares ($M / year)

Scenario 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

All scenarios 1.4 2.8 4.3 5.7 7.1 8.5 9.9 11.3 12.8 14.2 15.6 17.0 (Net cost/ha) X (ha/year)

Net Cost of Emission Reductions for New Growing Hectares ($ / t CO2e)

Scenario 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

All scenarios 30 30 30 30 30 30 30 30 30 30 30 30 (Net cost/year) / (Emission reductions/year)  
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2.2 Agricultural Soil Sinks 

2.2.1 Introduction 

Changes in agricultural practices, usually referred to collectively as changes in tillage practice, 

can lead to emissions reductions and carbon sequestration in soils.  There is a complex 

relationship between soil type and moisture content, crop type, seeding methods, percentage of 

the soil óopenedô (i.e. exposed to air) during tillage, fertilizer application and crop residue 

management that can lead to an increased carbon content in the soil, or decreased N2O 

emissions from the soil.  Soils in Western Canada typically sequester carbon more readily that 

soils in Eastern Canada and it is generally understood that GHG emissions from soils in Eastern 

Canada arise from the application of nitrogen to soils with high moisture content47. 

The science that quantifies the amount of carbon sequestered and emissions reductions from 

agriculture soils due to changes in tillage practice is still under considerable debate.  It is 

important to note that the future outlook in this section is based on the most widely accepted 

current understanding of the affect of tillage practices but that future research could significantly 

change the outlook. 

Section specific terminology 

Table 2.2-1 defines terms that are used throughout this section on agricultural soil sinks 

Table 2.2-1: Agricultural Soil Sink Terminology 

Term Definition 

Tillage practice Refers to a range of activities such as crop rotation management, 
fertilizer application, crop residue management as well as soil tillage. 

Zero Till Refers to tillage practices designed to sequester carbon in the soil 
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Term Definition 

and/or reduce GHG emissions.   

Reduced Till Refers to tillage practices that are a mixture of conventional tillage 
practices and zero till.  The carbon sequestration and GHG emission 
reduction potential of reduced tillage practices will not be included in 
this section as they are smaller than those of zero till and difficult to 
quantify. 

Carbon Sequestration The accumulation of carbon in agricultural soils thereby depleting 
atmospheric carbon 

Emissions 
Reductions 

In the case of agricultural practices, this refers not only to actual 
emissions reductions but to carbon sequestration as well.  The reason 
for combining these terms is that methods of quantifying the 
environmental benefits of zero till include carbon sequestration, 
reduced tillage machinery energy requirements (and hence reduced 
GHG emissions from tillage machinery) as well as reduced N2O 
emissions. 

Emissions 
Coefficients 

Numbers that when multiplied by the area of the agricultural field will 
give an amount of CO2e reduced per year 

 

2.2.2 Supply and Timing of Activity 

2.2.2.1 Current Status 

The most recent available agricultural census data shows that 46% of farmed land in Canada 

was under zero till in 200648 (assume 50% in 2007 based on annual increase going forward of 

3.5%), 30% in 2001 and 11% in 199649. 

2.2.2.2 Supply Limits 

In 2006, approximately 36 million ha of agricultural land was used for crops.  This number 

includes hay, field crops, fruits (including tree fruits), vegetable and seed.  Zero till is not 
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applicable to all of these crop types ï it is typically applicable to annual crops such as wheat, 

pulses and oil seeds.  As of 2006, approximately 75% of cropped land was used for annual 

crops (wheat, pulses, oil seeds) that are theoretically amenable to zero tillage.  Therefore, using 

the average Canadian emissions coefficient discussed below, the maximum yearly emissions 

reduction is 7.8 MtCO2e. 

2.2.2.3 Short and Medium-Term Outlook (2009 ï 2020) 

For the last 10 years, the trend of zero till adoption has been almost linear.  Therefore, in order 

to forecast into the future, it is assumed that this linear trend will continue until the maximum 

adoption limit explained above is reached.  The economic benefit of zero till to individual farmers 

through the sale of possible carbon credits will be small and will not likely be an incentive to 

switch practices (Dennis Haak, personal communication).   

As zero till adoption spreads throughout Canada, it would be expected that the emissions 

coefficients will become lower over the years due to increased baseline adjustment.  However, 

attempting to predict future emissions coefficients is extremely difficult due to the early stage in 

scientific understanding.  Future work may change the coefficients to make them either higher 

or lower.  Therefore, for the purposes of this report, the average Canadian coefficient will be 

used for the entire time period to 2020.  
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2.2.3 Calculating Emission Reductions 

Measuring the carbon content of individual fields in individual farms across Canada is not a 

practical method of determining emissions reductions from changes in tillage practices.  Instead, 

quantities of carbon sequestered are estimated using predictive soil carbon models.  The 

current model most widely used is called the Century model.  The Century model predicts that 

the rate of soil carbon sequestration will be highest when a transition to zero till is first made and 

then will decrease until the soil carbon concentration reaches a maximum, i.e. the soil will no 

longer sequester further carbon50.   

The Alberta GHG Quantification Protocol for Tillage has published two sets of linearized 

emissions coefficients based on the Century model for determining emissions reductions for the 

two agricultural zones (Parklands and Dry Prairies) found within the province for zero till 

practices.  The process of linearization allows for the same coefficients to be used for each year 

of an emissions reduction project for ease of calculation.  This means that yearly emissions 

reductions are understated at the beginning of a project but overstated at the end of a project.  

The cumulative carbon reductions for the entire project are the same as though the yearly 

emissions reductions had been calculated using calculated coefficients specific to each year.  

The raw emissions coefficients take into account the rate of carbon sequestration, energy 

requirement reductions due to reduced tilling and reductions in N2O emissions.  The baseline 

adjusted coefficients take into account the percentage of agricultural land already in zero till 

practice and the estimated amount of time that this practice has been followed.  This is 

necessary to account for the prediction by the Century Model that the rate of carbon 

sequestration decreases with time51.  For Alberta, the baseline adjusted emissions coefficients 

are 0.449 tCO2e/ha for Parklands and 0.231 tCO2e/ha for Dry Prairies52. 

A Canada-wide protocol for quantifying emissions reductions from changing tillage practices 

using the Century model has been authored by a group at Environment Canada lead by Dennis 
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Haak but has never been released to the public.  From personal communication with Dennis 

Haak53, baseline adjusted emissions coefficients for Eastern Canadian agricultural soils are 

similar to the emissions coefficient for the Dry Prairies located in Alberta and slightly higher than 

the emissions coefficient for B.C. soils.   A reasonable average Canadian coefficient can then 

be derived by estimating that ¼ of Canadian agricultural soils are equivalent to Alberta 

Parklands and ¾ equivalent to Dry Prairies54.  This estimation results in an emission factor of 

0.286 tCO2e/ha. 

2.2.4 Cost of Activity 

Transitioning to zero tillage requires a capital cost expenditure for new seeding equipment and 

increased herbicide use but then typically reduces operational costs due to decreased 

equipment wear and reduced fuel use.  Research has shown that zero tillage can result in 

greater crop yields.  The capital cost presents a financial barrier to small farms but does not to 

larger farms where the cost benefits of zero till practices are quickly realized55. 

The economic analysis of the cost of reductions from zero till is very complex.  An economic 

analysis requires an understanding of crop yield which is dependant on the type of crop and the 

type of soil.  Agriculture and Agri-Foods Canada has published a tool for determining the cost 

benefit analysis of zero till having determined that it was impossible to make generalized 

statements about costs and benefits56.   

For the purpose of this report, the capital cost of the equipment will be first separated from all 

other economic considerations to present at least a partial view of the economics of zero till.  A 

more thorough economic discussion requires an analysis broken down by region, crop-type, 

crop rotation schedule and farm size and is beyond the scope of this study.  The cost of new 

seeding equipment in the Agriculture and Agri-Foods Canada tool is estimated at $70,000 in 

addition to the cost of conventional seeding equipment.  Combining this number with estimates 
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presented in An Economic and Agronomic Analysis of Reduced Tillage (Nagy, 2001) 57, the cost 

of used seeding equipment is estimated at $35000 and the cost of upgrading existing equipment 

at $17,500.   

In order to calculate the cost of the emission reductions based on the capital cost of the 

equipment, the capital cost is amortized over the life of the tillage equipment (assumed 20 

years) with a 12% discount rate.  Since emission reductions are dependent on the size of the 

farm, emissions reductions are calculated for two farm sizes based on 2001 averages: in 2001, 

the average size of farm was 162 ha and the average size of farm practicing zero till was 362 

ha.  Table 2.2-2 shows the cost per tonne CO2e reduced for 162 ha and 362 ha farms 

determined by dividing the yearly emission reduction by the yearly capital cost payment.   

Table 2.2-2: Cost per Tonne CO2e Reduced as Affected by Equipment Capital Cost 

Cost of Reduction

($/tCO2e)*

162 ha farm

Cost of Reduction

($/tCO2e)*

362 ha farm

Capital Cost of $70,000 $181.60 $80.80

Capital Cost of $35,000 $90.30 $40.40

Capital Cost of $17,500 $45.10 $20.20  

*Assumes equal payments over a 20 year period 

A reasonable assumption based on Table 2.2-2 is that the cost saving benefits of zero till are 

worth on average at least $80.80 per tonne of CO2e reduced by the activity, since typical no-till 

farms (i.e. farms 362 ha in size) would be unlikely to purchase new no-till equipment (which they 

currently do) if the value of zero-till were not greater than the capital cost of buying the 

equipment.  This means that zero till practices are likely to become economically viable for the 

average sized farm (i.e. 162 ha) in Canada when farmers can either upgrade their equipment or 

purchase used equipment, since these costs are roughly equal to or less than this $80.80 per 

tonne CO2e threshold. 
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For agricultural sinks, incremental cost is a function of capital cost and farm size.  The cost per 

tonne CO2e reduced increases with decreasing farm size.  Therefore, rather than determining 

specific incremental costs, it can be generally stated that subsidies in the range expected from 

either the sale of carbon credits or previous deals through PERRL, would be unlikely to cause 

the generation of a significant amount of additional carbon reductions.  The most likely paths of 

zero till adoption will be through decreased equipment costs through the development of more 

inexpensive machinery and inexpensive upgrades and through the continuation of the general 

trend of increasing farm size.  

2.2.5 Revenue from Activity 

No-till practices have been assumed to be a straight cost for farmers, with no associated 

revenue. 

2.2.5.1 Government Incentives 

Two small projects have been allocated funding by the PERRL initiative, as described below.  In 

general, it was not possible to quantitative assess government incentives on a per hectare 

basis. 
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CLIMATE CHANGE PROJECT  
Agriculture  

Total 
Reductions 
(tonnes CO2e) 

Price per tonne 
CO2e ($)  

 

Horizon Vert Centre-du-Quebec - is sequestering 
carbon in agricultural soils by converting 
conventionally cultivated land into permanent 
prairies/grasslands, at Nicolet, Victoriaville and 
Drummondville, Quebec. 

11,880  

 

$6.50  

 

Saskatchewan Soil Conservation Association 
(SSCA) - is removing emissions through biological 
sequestration by converting agricultural land from 
reduced tillage to zero tillage across farms in Ontario 
and the Prairies. 

53,447  

 

$18.71  

 

 

2.2.6 Summary of Assumptions 

The following table summarizes assumptions made for agricultural sinks for this report.  Please 

see the individual sections above for details 

Table 2.2-3: Summary of Zero-Till Assumptions 

Assumption Value 

Supply 

Total land used for 
crops 

36.4 million hectares 

Max amount of no-
till 

75% of total cropped area 

Annual increase in 
no-tilled area 

3.5% of total cropped area / year 
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Assumption Value 

Amount of no-till in 
2007 

50% of total cropped area 

Emissions 

Remission 
removals from no-
till 

0.286 t CO2e / ha 

Cost 

Cost of new zero-
till equipment 

$80.80 / t CO2e reduced 

Revenue 

Value to farmer 
from zero-till 

> $80.80 / t CO2e reduced 

Government Incentives 

 No incentives quantitatively determined on a per hectare basis 
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2.2.7 Results 

 

No-Till Adoption

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

Total No-Till (as % of 

Total Canadian 

Cropped Area) 57.0% 60.5% 64.0% 67.5% 71.0% 74.5% 75.0% 75.0% 75.0% 75.0% 75.0% 75.0%

Annual New No-Till (as 

% of Total Canadian 

Cropped Area) 3.5% 3.5% 3.5% 3.5% 3.5% 3.5% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0%

Annual New Area 

under No-Till (millions 

of ha) 1.3 1.3 1.3 1.3 1.3 1.3 0.2 0.0 0.0 0.0 0.0 0.0

Cummulative New 

Area under No-till 

(millions of ha) 1.27 2.55 3.82 5.09 6.37 7.64 7.82 7.82 7.82 7.82 7.82 7.82

Annual Emission Reductions from No-Till (Mt CO2e/year)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

1.09 1.46 1.82 2.19 2.55 2.91 2.97 2.97 2.97 2.97 2.97 2.97

= (Area under no-till) X (no-till emission reduction 

factor per ha)

Based on assumptions documented in text
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Cost of No-Till ($/t CO2e)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

0 0 0 0 0 0 0 0 0 0 0 0 Based on assumptions documented in text

Revenue/Savings from No-Till ($/t CO2e)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

0 0 0 0 0 0 0 0 0 0 0 0

Based on assumptions documented in text

This an assumed minimum, but a more accurate 

estimate of revenue was not possible

Net Cost of No-Till ($/t CO2e)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Approach used

0 0 0 0 0 0 0 0 0 0 0 0 = (Cost) - (Revenue)  
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2.3 Biofuels 

2.3.1 Introduction 

Biofuels are the subject of much excitement and attention from both climate change and energy-

security perspectives.  With respect to climate change, combustion of biofuels releases CO2 to 

the atmosphere in the same manner as combustion of conventional fossil fuels.  However, 

because biofuel carbon is derived from biogenic sources that take up carbon from the 

atmosphere on short time-scales while they grow, biofuel combustion is considered to be a net 

zero CO2 emission source, resulting in significant potential emission reductions. 

This section will focus on Ethanol and Biodiesel as the biofuels with greatest potential in 

Canada. Sustainable Development Technology Canada (SDTC) definitions are used for each 

type of biofuel. 

 Biodiesel: oil from seeds or animal fats that are transformed, through a chemical reaction 

with methanol, to create methyl ester (biodiesel). It can be used directly in internal 

combustion engines at full concentration, or blended with petroleum diesel to reduce 

atmospheric emissions. 58 

 Bioethanol: this is the most widely used liquid biofuel. There are two type of ethanol 

analyzed in this study: grain ethanol based on converting starch crops into sugars, which 

are then fermented into bioethanol and distilled into fuel; and cellulosic ethanol based on 

converting cellulose based material into ethanol.  Either form is mainly used to enhance 

vehicle performance, and as a fuel oxygenate to improve combustion and reduce tailpipe 

emissions. 59 
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2.3.2 Supply and Timing of Activity 

2.3.2.1 Current Status 

Bioethanol 

Canada is a relatively small player in the Global ethanol market.  In 2004 it produced 1.24 billion 

litres/year compared to Brazil (leader), which produced 14 billion litres/year60.  However, in 2007 

the current government stated in their budget that a 5% average content of ethanol will be 

required in gasoline by 2010.  The government also announced programs to assist the 

development of the biofuels industry as a whole.  As a result the industry is expected to grow, 

and plans for the installation of additional plants are already established.   

Ethanol currently produced in Canada is grain based, with the exception of a small cellulosic 

facility operated by Iogen Corporation and a small wood-waste based facility operated by 

Enerkem Inc.  Production is concentrated in Saskatchewan, Ontario, and Manitoba, with one 

plant in Alberta and two plants in Quebec.   

Table 2.3-1 shows a list of ethanol plants in Canada along with associated capacity.  Based on 

this information, 1520 million litres of capacity was installed prior to 2009. 

Table 2.3-1: Total Current Capacity of Grain-Based Bioethanol in Canada61 

Plant name City Province Feedstock Capacity (Million 
Litres) 

Plants commissioned prior to 2009 

Permolex  Red Deer, AB Wheat 40 

Husky Energy  Lloydminster SK  Wheat 130 

Pound-maker  Lanigan SK Wheat 12 
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Plant name City Province Feedstock Capacity (Million 
Litres) 

NorAmera Bioenergy Corp Weyburn SK Wheat 25 

Greenfield Ethanol  Tiverton ON Corn 26 

Greenfield Ethanol  Chatham ON Corn 150 

Suncor Energy  St. Clair ON Corn 200 

Greenfield Ethanol  Varennes QC Corn 120 

Husky Energy Minnedosa, MB Wheat 130 

Greenfield Ethanol  Johnstown, ON Corn 200 

Husky Energy Lloydminster, SK Wheat 130 

Terra Grain Fuels Belle Plaine SK Wheat 150 

Collingwood Ethanol Collingwood ON Corn 50 

Enerkem Inc.  Westbury QC Wood Waste 5 

IGCP Ethanol Inc. Aylmer ON Corn 150 

Iogen Corporation Ottawa ON Straw from 
wheat, barley, 
and oats 

2 

Total pre-2009   1520 
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Biodiesel 

The current capacity of biodiesel in Canada is 129 million litres, as shown in 

Table 2.3-2. Plants are distributed in Ontario, Quebec, Saskatchewan and Alberta. 

 

Table 2.3-2: Total Current Capacity of Biodiesel in Canada 

Plant Name  City 
Province  

Feedstock Capacity (Million 
Litres) 

Milligan BioTech Foam Lake 
SK 

Multi-feedstock 1 

BIOX Hamilton ON Tallow 66 

Rothsay Montreal QC Animal Fats/Yellow 
Grease 

30 

Bifrost Bio-Blends Ltd.
   

Arborg MB Canola Oil 3 

Bio-Diesel Quebec Inc.  St-Alexis-des-
Monts QC 

Yellow Grease 10 

Western Biodiesel Inc.  Calgary AB Multi-Feedstock 19 

Total   129 

Source: Canadian Renewable Fuels Association
62

 

2.3.2.2 Supply Limits 

Challenges for the biofuels industry are summarized in the table below.  
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Table 2.3-3: Challenges Facing Canadaôs Biofuels Industry 

Challenge Comments 
Political & Regulatory  Political attention and focus tends to vary as new governments come into power, 

and as priorities change.  

 This can increase investor uncertainty especially in the emerging markets.  

 Many existing regulations, codes and standards have not been updated to 
accurately reflect the unique characteristics and operating requirements of the biofuels 
industry. 

Technical  Traditional biomass conversion technologies have been higher cost than for 
comparable fossil fuels. 

 Biofuels have lower energy content than fossil fuels. 

 Biofuels have lower bulk density, making them more costly to transport and pre-
process. 

 Biofuels have a high moisture content and require energy to dry the feedstock.  

 There is insufficient production and distribution infrastructure,  

 There are some outstanding product performance issues.  
Economic and Financial  Feedstock supply is the highest cost factor for biofuels.  

 Biofuels can be created from food and forestry wastes, but the size of most 
potential projects is too small to achieve the necessary economies of scale to be 
competitive.  

 Unlike the petrochemical industry, the co-products of the bio conversion 
processes are not accounted for in the overall value chain.  

 The gradual upward trend of oil and gas prices is beginning to make biofuels more 
financially attractive. 

Market Infrastructure & 
Market Demand 

 Most biomass resources are located far away from the market, making this bulky 
feedstock difficult and costly to transport.  
 The industry is still so new that conversion technologies have not yet matured to 

the state where they can be manufactured on a large scale and with reliable 
replicability. 

 Agricultural land is a finite resource and most of the land in Canada suited for 
agriculture is already in production.

63 This is a limiting factor for grain ethanol, 
however as cellulosic ethanol is commercialized then the limiting factor based on 
availability of agricultural land is minimized. 

 Total waste available could be a limiting factor for cellulosic 
ethanol.  
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Challenge Comments 
Societal Issues & Trends  Canadians are beginning to embrace the concept of a sustainable future, but 

there are lingering negative perceptions over high temperature conversion 
(incineration) processes.  

 Balanced against that, however, are the prospects of job creation in an emerging 
sector, regional control over fuel production, and reduced environmental impacts. 

Source: based on a study by SDTC
64   

2.3.2.3 Short and Medium-Term Outlook (2009 ï 2020) 

The outlook for biofuels is driven by Canadian renewable fuels targets as explained in the 

bioethanol and biodiesel sections below.  The intrinsic assumption that is being made is that 

Canadian capacity for biofuel production will increase in order to meet demand.  However, it 

does not look like Canadian capacity will meet the demand mandated by fuel content 

regulations by 2010 (bioethanol) and 2012 (biodiesel) respectively, so it has been assumed that 

Canadian capacity will ramp up to meet demand by 2014.  This assumes a moderate increase 

in installed capacity in 2010 and then a constant annual increase in installed capacity.   

Bioethanol 

The key current driver for increases in bioethanol capacity is the federal government target of 

5% average bioethanol content in gasoline fuel by 2010, and this has been assumed as the 

primary driver for the short term supply outlook in this report.  New plants planned for 

construction are detailed in Table 2.3-4 below. 

Table 2.3-4: Additional Known Short Term Capacity of Grain-Based Bioethanol in Canada65 

Plant name City Province Feedstock Capacity (Million 
Litres) 

GreenField Ethanol  

Enerkem Inc. 

Edmonton AB Municipal 
Landfill Waste 

36 

Greenfield Ethanol Hensall ON Corn 200 
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Plant name City Province Feedstock Capacity (Million 
Litres) 

Kawartha Ethanol Havelock ON Corn 80 

North West Bio-Energy Unity SK Wheat 25 

Total   341 

 

Given the direction that the current government has taken on biofuels, it can safely be assumed 

that the biofuel industry in Canada will continue to grow, and that it is likely to grow significantly 

in the medium term.  Consequently, it is assumed that new regulations will emerge post-2010 

driving an increase in ethanol content in gasoline to 10% (E10) by 2020 (a common assumption 

among industry experts), and increased content levels are expected to drive corresponding 

increases in installed capacity 

With respect to grain versus cellulosic ethanol production, technological developments are 

expected to drive increased use of cellulosic ethanol processes in new plants.  However, 

cellulosic ethanol plants are not being constructed as early as originally predicted by industry.  

While the apparent environmental benefits of cellulosic ethanol are likely to drive development 

once the technology becomes more established, it is unlikely that a significant portion of the 

ethanol supply will be cellulosic before 2014 based on the lack of cellulosic plants being listed 

as under development. For the purposes of this report we will assume that in 2014, 10% of new 

ethanol capacity installed that year will be cellulosic.  Projections for cellulosic production out to 

2020 have, however, been elusive, though expectations seem to be that cellulosic ethanol 

production will increase dramatically in the coming years, as expected cost of production 

improvements enhance the competitiveness of cellulosic ethanol over grain-based ethanol.   
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Therefore, for the purposes of this report, it will be assumed that by 2020, 50% of new plant 

capacity in stalled in that year will be assumed to be cellulosic. 

These and other assumptions used to project bioethanol supply out to 2020 are summarized in 

Table 2.3-5. 

Table 2.3-5: Summary of Supply Assumptions for Ethanol 

Assumption Value Comments 

Amount of 
gasoline-based 
fuel consumed in 
2008 

42,000 billion litres  From Statistics Canada66  

Annual rate of 
increase in 
gasoline-based 
fuel consumption 

1% per year  Based on the change in Canadian 
demand in gasoline between 2001-2008 as 
reported by Statistics Canada and the 
average consumption growth in the US of 
gasoline consumption.  Please note that 
demand in the last two years has 
decreased, but demand is expected to 
grow 

Existing pre-2009 
Production 
Capacity 

1520 million litres / year  See Table 2.3-1 

New capacity in 
2009 

341 million litres / year  See Table 2.3-4 

Ethanol Production 
Mix for new plants 
installed in a given 
year (grain vs. 
cellulosic) 

 2009: 100% grain-based 

 2015: 90% grain; 10% 
cellulosic 

 2020: 40% grain; 60% 
cellulosic 

 Values for other years 
assume linear changes 
between the above milestone 
years 

 See text description above table 

 Note ï percentages refer to capacity 
installed in a given year, not the total amount of 
bioethanol produced in a given year. 

 Cellulosic ethanol is expected to become 
the dominant technology in the future due to 
the use of lower cost feedstocks 
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Biodiesel 

In 2007 the government stated its intent to develop a regulation for diesel fuel mandating a 2% 

average renewable content, such as biodiesel, by 201267, and this is assumed to be the primary 

driver for increases in biodiesel production capacity in the short term.  In order to respond to the 

needs imposed by a 2% policy requirement, Canada will need to produce a total of 600 Million 

litres of biodiesel in 201268.  This represents a significant gap between supply and demand.  In 

the short term, the biodisel industry will need to invest significantly in order to respond to that 

demand.   

One currently planned plant, by Canadian Bioenergy Corp and Archer Daniels Midland 

Company in Lloydminster, Alberta, will result in a significant increase in total biodiesel capacity 

in Canada.  The plant will be Canadaôs first large-scale plant to convert canola oil into organic 

diesel, and is expected to produce 265 million litres.69  Note that intentions for this plant were 

first announced in 2007 so it is unclear when it might be developed. 

For simplicity, capacity growth in the short term to 2012 has been forecast to address the gap 

between known short-term installed capacity and required capacity based on 2% content 

regulations, which will automatically incorporate the new capacity from the Canadian Bioenergy 

Corp facility.   
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After 2015, a much greater expansion of biodiesel projects is expected, primarily driven by 

market demand for biofuel products70.  This is expected to result from improved economies of 

scale and increased production capability. Upstream production emissions are also expected to 

drop significantly as new technologies come on line. The post-2015 period should provide the 

highest possible societal benefits from the technology investments being made today. Some 

technologies that are currently going through the R&D phase will be approaching market pre-

commercialization during the post-2015 period. Any unresolved technical issues that caused 

high levels of developmental risk in the early stages should at this point be largely resolved.  

However, market risk and financial risk are expected to rise during this latter stage, and will only 

drop off again once the technology has successfully entered the market. 

This combination of positive trends is expected to be reflected in new regulations mandating 

increased levels of biodiesel content post 2012.  It has been assumed that regulated biodiesel 

content levels will rise from 2% to 6% in the 2012 ï 2020 timeframe. It is also assumed that 

these new regulations will drive corresponding increases in installed capacity. 

These and other assumptions used to project bioethanol supply out to 2020 are summarized in 

Table 2.3-6. 
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Table 2.3-6: Summary of Supply Assumptions for Biodiesel 

Factor Assumption Comments 

Existing pre-2009 
Production 
Capacity 

129 million litres / year  See  

 Table 2.3-2 

Forecast Total 
Annual Production 
2009 - 2012 

 2012: 600 million litres / 
year (600 ï 129 = 471 million 
litres from new capacity / 
year) 

 assume linear increase 

 Based on government policy requiring 
a 2% average biodiesel content by 2012. 71 

Forecast Total 
Annual Production 
for 2013 - 2020 

 2020: 1,800 million litres 
/ year (equivalent to 6% 
biodiesel in diesel) 

 assume linear increase 

 Based on expectation of policy requiring 
6% average biodiesel content by 2020, and 
assumption of 600 million litres being required 
to meet a 2% target. 

 An annual increase in diesel fuel 
consumption has not been considered 

 

2.3.3 Calculating Emissions Reductions 

The main supply assumption is that Canadian supply will meet Canadian demand.  While this 

assumption may not necessarily prove to be true, it is unimportant from a GHG reduction 

perspective provided that: 

 The biofuels are produced in a region with comparable lifecycle emissions to Canada, 

and 

 The environmental attributes (i.e. GHG reductions) are purchased along side with the 

fuel if the fuel is imported. 

Given that one of the aims of introducing biofuels into standard Canadian fuels is for the GHG 

reductions, and the government is likely to be held accountable for meeting this goal, it seems 

likely that both of these conditions will be met. 
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Bioethanol 

Emission reductions from bioethanol will be calculated as follows: 

(GHG Emission Reductions) = [(Volume grain ethanol produced) X (% emission reduction for 

grain ethanol) + (Volume cellulosic ethanol produced) X (% emission reduction for cellulosic 

ethanol)] / (Ethanol to gasoline conversion factor) X (GHG emission factor for gasoline) 

Where, 

Parameter Description / Assumption 

Volume grain ethanol 
produced 

determined as per Section 2.1.2 

% emission reduction for 
grain ethanolvi 

46% reduction in equivalent gasoline emissions, based on results 
from the GHGenius transportation emissions model72.  
Represents the average of the largest and smallest % reductions 
in fuel cycle emissions.  

Note: % reduction values from the GHGenius table have been 
multiplied by 10 to convert from E10 benefits (the basis for the 
GHGenius numbers) to 100% ethanol benefits. 

Volume cellulosic ethanol 
produced 

determined as per Section 2.1.2 

                                                
vi
 Emissions from land use are included in the GHGenius model.  It is important to note that the calculated 

reduction is based on Canada-average practices and is hence not representative of extreme land use 

changes.  This is a reasonable approach as significant land-use changes (i.e. forest to cropland) 

represent isolated and not average cases. 
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Parameter Description / Assumption 

% emission reduction for 
cellulosic ethanol 

62% reduction in equivalent gasoline emissions, based on results 
from the GHGenius transportation emissions model73.  
Represents the average of the largest and smallest % reductions 
in fuel cycle emissions.  

Note: % reduction values from the GHGenius table have been 
multiplied by 10 to convert from E10 benefits (the basis for the 
GHGenius numbers) to 100% ethanol benefits. 

Ethanol to gasoline 
conversion factor 

1.33 L 100% ethanol per L of gasoline.  Based on relative energy 
content per litre of ethanol versus gasoline. 

GHG emission factor for 
gasoline 

2.95 kg of CO2e/L, based on combustion emission factor of 2.44 
kg CO2e/L (from Canadaôs GHG Inventory

74) and an extraction 
and production emission factor of 0.514 kg CO2e/L (calculated by 
Environment Canada based on Canadaôs GHG Inventory and 
Statistics Canada data). 
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Table 2.3-7:Summary of GHGenius Grain Ethanol GHG Reductions 

 

NOTE:  in this table, percentages for wheat are incorrect and should be 4.9% E10 with CO2 capture and 4.3% E10 with no CO2 

capture. 
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Table 2.3-8:Summary of GHGenius Cellulosic Ethanol GHG Reductions 

  

Biodiesel 

Emission reductions from biodiesel will be calculated as follows: 

(GHG Emission Reductions) = (Volume biodiesel produced) X (% emission reduction for 

biodiesel) / (Ethanol to biodiesel conversion factor) X (GHG emission factor for diesel) 

Where, 

Parameter Description / Assumption 

Volume biodiesel produced determined as per Section 2.1.2 

% emission reduction for 
biodiesel 

68.7% reduction in equivalent diesel emissions, based on results 
from the GHGenius transportation emissions model75.  
Represents the average of the canola and soy 100% biodiesel 
















































































































































































































































