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Executive Summary
This report presents the aggregation of bioenergy production data and greenhouse gas emissions data
across the liquid biofuels, biogas to electricity, wood pellet, and biomass power and heat generation
sectors. This report draws on historical data from 2007-2014 compiled in an earlier study and presents
projections from 2015-2020 to describe the production capacities, carbon intensities, and resulting
emissions of each bioenergy sector. The report compares the greenhouse gas emissions of bioenergy
production, by sector, to baseline emissions for fossil fuels (gasoline and diesel), natural gas heat and
electricity in Alberta to illustrate the potential for Alberta’s bioenergy products to reduce carbon
emissions. All greenhouse gas reductions referenced herein are based on this comparative approach,
indicating the reductions per year if the energy demands had been met by conventional products. The
extent to which Alberta’s bioenergy products result in net global GHG emission reductions depends on
the extent to which conventional energy products are displaced, relative to business as usual proudction.
A summary of bioenergy production volumes and emission reductions for the year 2020 are presented
here:










Liquid fuels: The production capacity of ethanol, methanol, biodiesel and renewable fuel oil is
projected to grow to a total of 421 million L/year by 2020, reducing 969,000 tonnes CO2e/year in
that year.
Biogas: Substantial electrical generation capacity from biogenic methane is planned to come
online in the next two years, increasing total installed capacity to 22 MW by 2020 (160,000
MWh/year), resulting in 83,900 tonnes CO2e/year reduced in that year.
Wood Pellets: The demand for wood pellets as heating fuel continues to grow in Alberta; the
production capacity will reach 200,000 tonnes/year by 2020, and their use will displace 181,000
tonnes CO2e/year by that year.
Biomass to electricity generation: Similar to biogas, the biomass-to-electricity generation sector
is expected to grow substantially over the next three years, reaching 390 MW (2.5 million
MWh/year) by 2020, resulting in 1.4 million tonnes of CO2e reduced in that year.
Biomass to heat generation: Process heat from biomass residue combustion will provide 16.9
GJ/year by 2020, and the use of this heat instead of natural gas will displace 889,000 tonnes of
CO2e in that year.

In summary, the bioenergy sector in Alberta has the potential to achieve substantial growth across all
bioenergy types. The use of bioenergy products, provincially or in other markets, will result in substantial
greenhouse gas emissions reductions when compared to conventional energy equivalents.
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Introduction
This report follows on the work undertaken for a report entitled “Report Card on the Alberta Bioenergy
Producer Credit Program” (Viresco Solutions, August 2015) which identified the environmental and
economic benefits derived from bioenergy produced under the Bioenergy Producer Credit Program
(BPCP) between 2007 and 2014. The first report (the “Phase 1 report”) focused only on those producers
who had qualified and reported under the BPCP, although our research revealed other bioenergy
producers or projects that were not part of the BPCP program. The Phase 1 report did not address
potential future environmental benefits from the Alberta bioenergy sector.
This second report (the “Phase 2 report”) on the bioenergy sector in Alberta describes the forecast
production capacity of bioenergy facilities in the province, and their potential GHG reductions from
January 1, 2015 to December 31, 2020.
This report includes four bioenergy production sectors. The first is liquid fuels, which includes ethanol (to
be blended with gasoline), biodiesel (to be blended with various grades of diesel fuels), and renewable
fuel oil (to be refined with petroleum crude oil into various finished fuel products). The second is the
biogas sector, which uses biologically-generated methane (biogas) to generate electricity, and in some
cases, process heat. Third is the wood pellet sector, which produces pellets for use as heating fuel or,
potentially, to be co-fired with coal or to replace coal to produce electricity. The fourth sector is the
biomass combined heat and power (CHP) sector, which uses hog fuel and/or other forestry processing
residues to generate electrical power and/or process heat for use on-site, or for export to the provincial
electrical grid.
This report describes the methodology and process behind the data acquisition and analysis, presents the
results by sector, and presents the cumulative impact of each bioenergy sector in the province in terms
of energy capacity as well as greenhouse gas emission reductions potential.
Project Purpose: Gather data from current and future bioenergy producers in Alberta and
quantitatively report on the future energy generation potential by sector, and report on the
greenhouse gas emission reductions possible through the use of the bioenergy products.

E N D - T O - E N D S U S T AI N AB I L I T Y | 5

Methodology
Data Collection
Contact information of presently operating bioenergy companies, as well as bioenergy producers close to
commissioning, was provided to the project team by the Alberta Bioenergy Producers Group. Each of the
company representatives was contacted by the project team up to two times in August 2015 to request
data on estimated bioenergy production volumes, maximum capacity and average operating capacity, as
well as carbon intensity of the bioenergy product(s). The authors of this report made reasonable attempts
to confirm the accuracy of the data submission, but do not provide any warranty as to the accuracy,
completeness, or fitness for a particular purpose of the data.
A total of 28 companies were contacted, and 27 companies (96%) provided data on 33 facilities. The
number of companies contacted in this project is smaller than in the Phase 1 report since one of the
companies was acquired by another. Some companies have multiple facilities, and some facilities have
multiple bioenergy projects, where a bioenergy project is considered to be a different type of energy
product produced at the same facility. In total, data was collected on 39 projects across all sectors.
Data collected as part of the Phase 1 report was utilized in the creation of the figures presented in the
results below. For more information on the methodology applicable to the collection of that data, please
see “Report Card on the Alberta Bioenergy Producer Credit Program” (Viresco Solutions, August 2015).

Greenhouse Gas Quantification
The greenhouse gas (GHG) analysis in this report is based on production forecasts and carbon intensities
of bioenergy products at the bioenergy production facilities identified by the producers (data was often
derived from former BPCP reporting and production records). The analysis of actual bioenergy production,
both historical and forecasted, is abridged since the survey did not capture all existing bioenergy
production facilities or identify all potential future facilities in the province.
The quantification of GHG reductions presented in this report is based on comparing the GHG emissions
of Alberta bioenergy products to baseline energy products (gasoline, diesel, natural gas heat and electrical
power) available in Alberta. The resulting values show the GHG emission implications of Alberta bioenergy
if it were to be used within Alberta to displace traditional energy products. This value is useful as it gives
a view of the emission performance of Alberta’s bioenergy sector on a comparable basis to the traditional
energy products produced and used in the province. This methodology may or may not match bioenergy
GHG reductions reported by the provincial government for two reasons: the first is whether or not
comparable baselines for energy products are used for emission reduction comparisons; the second is
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how on-site energy use (electricity and/or heat) at bioenergy facilities is quantified by other
methodologies.
Liquid biofuel GHG emission reductions compare the biofuel carbon intensities to a baseline of gasoline
or diesel, with intensities of 91.6 g CO2e/MJ and 94.7 g CO2e/MJ respectively1. Biogas to electricity and
biomass to electricity sectors compare the bioenergy carbon intensity to a conservative Alberta grid
displacement factor of 0.59 tonnes CO2e/MWh2. Wood pellets and biomass to heat sectors compare the
bioenergy carbon intensity to a natural gas displacement factor of 0.05709 tonnes CO2e/GJ3.

Results
This second phase of work captured more bioenergy projects than the first phase, since projects are being
commissioned presently or within the next three years that did not qualify under the BPCP. Additionally,
some of the BPCP producers who did not participate in the Phase 1 report contributed data to the present
research. The difference in project numbers is captured in the table below:
Table 1: Projects included in Phase 1 and Phase 2 of research, by sector.

Sector
1: Liquid Biofuels
2: Biogas
3: Wood Pellets
4a: Biomass CHP Electricity
4b: Biomass CHP Heat
Total

Phase 1 Number of Projects

Phase 2 Number of Projects

4
3
3
7
9
26

7
7
3
10
12
39

Throughout the remaining results section, the historical/reported data is represented by blue bars, and
the projected/estimated data is represented by orange bars.

Liquid Biofuels
Liquid biofuel project types include ethanol, methanol, biodiesel, and renewable fuel oil (sometimes called
bio-crude). Carbon intensities of fuel production range from 15 to 37 gCO2e/MJ of fuel product, with an
average carbon intensity of 28.32 gCO2e/MJ across the sector. Liquid biofuel plants estimated production
1

Sourced from GHGenius, version 3.19
Alberta Environment and Parks, Carbon Offset Emission Factors Handbook, March 2015.
3
Ibid.
2
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volumes at an average of 85% of their nameplate capacity, which will be 421 million litres per year by
2020. Figure 1 below shows the historical (blue) and projected (orange) aggregated production volumes
across the liquid biofuels sector. The increase in biofuel production is based on forecasts that existing
plants maintain current production and new capacity comes online by 2018.

Liquid Biofuel Production (Millions of Litres)

Greenhouse gas emission reductions associated with the displacement of liquid biofuels compared to
gasoline or diesel are projected to be more than 725,000 tonnes CO2e/year in 2015 and increasing to more
than 969,000 tonnes CO2e/year by 2020.
500
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Figure 1: Liquid Biofuel Production
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Liquid Fuel GHG Reductions (tonnes CO2e)
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Figure 2: Liquid Biofuels Greenhouse Gas Emission Reductions

Biogas
The biogas sector is projected to see substantial growth over the coming years, since substantial new
capacity is expected to come online by 2016. A trend in the biogas sector is to see companies in other
bioenergy sectors employ anaerobic digestion technologies for generating biogas in conjunction with
other bioenergy types or projects, primarily for the purposes of waste management.
Electricity generation from biogas has relatively low carbon intensity values, especially when the biogas
generation is paired with other bioenergy processes. The average carbon intensity of biogas electricity
generation is 0.076 tonnes CO2e/MWh. Biogas producers are forecasting electricity production at an
average of 83% of their nameplate capacity, which is forecast to jump from less than 20,000 MWh/year
in 2015 to more than 160,000 MWh/year in 2020 (22 MW of nameplate capacity).
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Biogas Electricity Production (MWh/year)
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Figure 3: Biogas to Electricity Production Volumes

Greenhouse gas emission reductions attributed to the use of electricity from biogas displacing baseline
Alberta grid power will similarly spike from 2016 onwards. Emission reductions are projected to be 8,173
tonnes CO2e/year in 2015 and increasing to more than 89,900 tonnes CO2e/year by 2020. Included in the
greenhouse gas calculation are two facilities that will displace natural gas use with the waste heat recovery
capacity at their biogas facility. These incremental reductions are approximately 2,000 tonnes CO2e/year.
Biogas GHG Reductions (tonnes CO2e)
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Figure 4: Biogas to Electricity Greenhouse Gas Emission Reductions
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Wood Pellets
The wood pellet industry has been reporting increasing demand for the commercial and industrial heating
use, and the three producers contacted for this research forecast increasing their production volumes
through expanding processing facilities in 2016 and beyond. There is additional potential demand for
wood pellets to reduce coal-fired power generation in the province. Producers have reported historically
operating below full capacity, partly since wood pellet production depends heavily on the capacity at
which the lumber mill is operating for the production of biomass residues. Wood pellet producers forecast
production volumes at an average of 61% of nameplate capacity, which will increase from 130,000
tonnes/year in 2015 to 200,000 tonnes/year by 2020.

Wood Pellet Production (tonnes/year)

Greenhouse gas emission reductions associated with the use of wood pellets are calculated based on the
displacement of natural gas as a heating fuel. (In reality, this may be a conservative approach since wood
pellets may be sold as a heating fuel in applications that displace heating oil or propane, both of which
are more carbon intensive than natural gas.) The greenhouse gas emissions factors use for wood pellets
are those provided as part of the BPCP reporting4, and is designated as the emissions factor for pellet
consumption. Note that this emissions factor is likely somewhat lower than a complete life-cycle
emissions factor 5 . GHG emission reductions are projected to be 114,000 tonnes CO2e/year in 2015,
increasing to more than 181,000 tonnes CO2e/year by 2020.
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Figure 5: Wood Pellet Production Volumes

4

As per Schedule A, submitted to the Government of Alberta for the purposes of Annual Bioenergy Producer Credit
Program Reporting.
5
A complete life cycle emission factor may take into account other sources of emissions, such as transportation of
the wood pellet products to the location of consumption.
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Wood Pellet GHG Reductions (tonnes CO2e)
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Figure 6: Wood Pellet Greenhouse Gas Emission Reductions

Biomass CHP: Electricity
Biomass power generation capacity, primarily at forestry facilities, is expected to undergo some stepchange increases in the coming years. Cogeneration capacity, and specifically electricity generation
capacity, has been found to have many benefits at the facilities at which they are implemented. The
electrical generation capacity makes efficient use of a local ‘waste’ product, it decreases reliance on rural
power grids, and it serves to stabilize rural electrical grids by feeding in surplus power generation. Plants
coming online in 2015 will increase electrical generation capacity to more than 2.1 million MWh/year, and
additional capacity is forecast to increase capacity to 2.5 million MWh/year by 2020.
Biomass-to-electricity projects are forecast to operate at an average of 82% of their nameplate capacity,
which will be 390 MW by 2020. As with the wood pellet sector, biomass power generation production
can often depend on the capacity at which the forestry facility (pulp and paper or lumber mill) is operating.
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Biomass Electricity Produciton (MWh/yr)
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Figure 7: Biomass CHP Electricity Production Volumes

Greenhouse gas emission reductions attributed to the use of electricity generated from biomass
combustion displacing baseline Alberta grid power are projected to increase from 1.1 million tonnes CO2e
in 2015 to 1.4 million tonnes CO2e by the year 2020.
Biomass Electricity GHG Reductions
(tonnes CO2e)
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Figure 8: Biomass CHP Electricity Greenhouse Gas Emission Reductions

E N D - T O - E N D S U S T AI N AB I L I T Y | 1 3

Biomass CHP: Process Heat
The use of biomass combustion for process heat is practical within the forestry sector, and increasingly
seen as a beneficial practice for the overall viability of the facility. Biomass heat systems have traditionally
been deployed in both lumber and pulp mill operations to support waste disposal, kiln dryers and process
heat requirements. Many forestry facilities included in this project produce only process heat, and do not
cogenerate heat and power together. Figure 9 below shows recent (2011) heat capacity increases, and
some additional capacity increases are scheduled for the 2015-2016 time period.
Plant capacity is expected to increase from 14.5 million GJ of process heat per year, to more than 16.9
million GJ/year in 2020. As with biomass electricity generation, heat production often depends on the
capacity utilization of the facility, and heat is supplied on demand. Biomass combustion-to-heat projects
forecast operating at 72% of nameplate capacity, and capacity is forecast to increase to 19.3 million
GJ/year by 2020.

Biomass Heat Produciton (GJ/yr)
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Figure 9: Biomass CHP Heat Production Volumes

Greenhouse gas emission reductions attributed to heat generated from biomass combustion are
compared to the use of natural gas for process heat. Emission reductions from the 12 participating
facilities are projected to increase from 790,000 tonnes CO2e/year in 2015 to 889,000 tonnes CO2e/year
in 2020.
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Four facilities out of the 12 facilities included in this sector have a combined heat and power system, and
are also included in the Biomass Electricity sector above. A closer investigation into the configuration of
the heat and power baselines for these facilities revealed that the legacy bioenergy heat infrastructure
components in three facilities are not displacing natural gas; instead, they could be considered businessas-usual. However, the process heat gained from these facilities is essential for the functioning of the
plant.
The conservative approach of excluding three facilities would result in emissions reductions of 89,755
tonnes CO2e/year in 2015 (combined method =790,000 tonnes CO2e/year) to 161,514 tonnes CO2e/year
in 2020 (combined method = 889,000 tonnes CO2e/year). In total, this would represent 897,325 tonnes
of CO2e over the 2015 to 2020 period (combined method = 5.2 million tonnes CO2e). (If the same
methodology were applied to 2007 to 2014 biomass heat production, a total of 516,430 tonnes CO2e of
emissions reductions would result over the 2007 to 2014 period (combined method = 3.66 million tonnes
CO2e)).
The total values for biomass heat, using the ‘combined method’ (i.e. comparing all heat and power
facilities to a baseline of natural gas use) are presented in Figure 10 below.
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Figure 10: Biomass CHP Heat Greenhouse Gas Emission Reductions
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Overall Emissions Reductions
Figure 11 below shows the actual and forecast GHG emission reductions aggregated across all bioenergy
sectors. The reported annual emission reductions were calculated to be more than 2.3 million tonnes
CO2e/year across all sectors in the year 2014, and cumulative emission reductions were 11.3 million
tonnes CO2e over the 2007 to 2014 time period.
Projected emission reductions will increase from 2.7 million tonnes CO2e/year in 2015 to 3.5 million
tonnes CO2e/year by 2020. The cumulative emission reductions between the years 2015 to 2020 are
projected to be an additional 20 million tonnes CO2e.
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Figure 11: Total Annual (left axis) and Cumulative (right axis) Greenhouse Gas Emission Reductions over the Research Period
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Summary
The data collected as the foundation of this research demonstrates significant potential for growth in all
four sectors of Alberta’s bioenergy production. All four types of energy production forecast increased
capacity and increased production, leading to increasing GHG emission reductions, over the years to
come, with the most growth forecasted between 2015-2018. Commonalities amongst the new projects
about to come online were their long project development lead times, depth of project development
research and design, and their integration with other agricultural or forestry industrial processes.
Bioenergy producers and project developers universally noted that forecast future production estimates
are based on certain assumptions and factors, including:
 Assumptions around market conditions and pricing for all bioenergy products, including the cost
of carbon;
 The presence of provincial or federal policy mechanisms that may provide more direct market
access for bioenergy products;
 Permissive provincial regulatory conditions that minimize barriers to designing, permitting,
financing, and operating new or existing facilities; and/or,
 The availability of other support program to promote the use of low carbon bioenergy products
in the economy (such as production credits or other equivalent policy mechanism).
In particular, new measures to address the economic impact of the elimination of the Bioenergy Producer
Credit Program were considered by bioenergy producers to be imperative.
The forecast greenhouse gas emission reductions over 2015 to 2020 are substantial, up to 3.4 million
tonnes CO2e per year by the year 2020. In some respects, reduction forecasts may be conservative, since
the calculations do not take into account the reduction in fugitive emissions associated with decreased
natural gas use, or the avoided methane emissions that arise from making better use of ‘waste’ biomass
products (forestry and agriculture biomass residues, municipal waste, or wastewater). The greenhouse
gas emission reductions values represent the total reductions that could be achieved from the use of the
bioenergy products when compared to Alberta’s baseline energy products, but do not represent
incremental provincial GHG emission reductions over previous years.
The increased bioenergy production, and associated agri-processing or forestry processing industrial
activity, are an excellent opportunity to diversify the Alberta economy and increase economic resilience
in two core sectors. The Phase 1 report explored the economic benefits of the bioenergy projects in depth
(providing figures on job creation and GDP uplift). While an in-depth analysis of this type was out of scope
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for this report, it is fair to say that increased bioenergy investment and production will result in an increase
(direct and indirect) in employment, spending, and GDP uplift.
In summary, the bioenergy sector in Alberta has returned strong results from 2007 to 2014 and is poised,
subject to positive market support, to deliver substantial growth across all bioenergy types to 2020. The
use of bioenergy products in the province or exported to other markets will result in substantial
greenhouse gas emission reductions when compared to conventional energy equivalents.
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