
 

 

Biomass Sustainability 
Analysis 

An assessment of Ontario-sourced forest-based 
biomass for electricity generation 

FINAL REPORT 
Revision C 

Mike Kennedy 

Rich Wong, Andrew Vandenbroek, Dave Lovekin, Marlo Raynolds 

 

 

April 2011 



 

The Pembina Institute ii Biomass Sustainability Analysis 

Kennedy, Mike  

Biomass Sustainability Analysis ïrC 

April  2011 

 

Editor: Roberta Franchuk 

©2011 The Pembina Institute  

The Pembina Institute  

Box 7558 

Drayton Valley, Alberta 

Canada T7A 1S7 

Phone: 780-542-6272 

Email: info@pembina.org 

About the Pembina Institute 

The Pembina Institute is a national non-profit think tank that advances sustainable energy 

solutions through research, education, consulting and advocacy. It promotes environmental, 

social and economic sustainability in the public interest by 

developing practical solutions for communities, individuals, 

governments and businesses. The Pembina Institute provides 

policy research leadership and education on climate change, 

energy issues, green economics, energy efficiency and 

conservation, renewable energy, and environmental 

governance. For more information about the Pembina Institute, visit www.pembina.org or 

contact info@pembina.org. Our engaging monthly newsletter offers insights into the Pembina 

Instituteôs projects and activities, and highlights recent news and publications. Subscribe to 

Pembina eNews: http://www.pembina.org/enews/subscribe. 

mailto:info@pembina.org
http://www.pembina.org
mailto:info@pembina.org
http://www.pembina.org/enews/subscribe


 

The Pembina Institute iii Biomass Sustainability Analysis  

About the Authors 

Mike Kennedy 

Mike served as a senior researcher with the Pembina Institute on this project. His specialization 

is in the economic dimensions of environmental and natural resource management, including 

market-based instruments, renewable energy policy, ecosystem service management and 

valuation, sustainability indicators and oil and gas tax policy.  

Mike has completed policy analysis in the areas of biomass sustainability, policy instruments for 

land and resource conservation, ecological governance, oilsands- and mining-related 

environmental liabilities, and socio-economic impacts of resource developments on local and 

regional communities. Mike holds a B.Sc. and an M.Sc. from the University of New Brunswick 

and has worked on natural resource management issues in Canada, Mexico and Costa Rica. 

Rich Wong 

Rich is one of the Pembina Institute's lead quantitative modellers and has led major life cycle and 

greenhouse gas (GHG) emissions quantification initiatives modelling industrial and commercial 

processes. He has developed key GHG tools such as the Excel-based Climate Smart tool, the 

CoolTool and Pembina's OneLessTonne.ca tool designed for commercial and residential users. 

Rich also specializes in GHG accounting, GHG calculators and GHG offsets. 

 

Rich has completed extensive technical research into the areas of biomass cogeneration systems, 

ethanol production, waste-to-energy processes, tire recycling, Canadian nuclear power, coal 

gasification (IGCC), carbon capture and storage in Canada, and the costs of carbon neutrality in 

the Alberta oil and gas sector. He holds a Bachelor of Chemical Engineering and Society from 

McMaster University and has a professional background in automation and process control 

systems within the steel-manufacturing sector. 

Andrew Vandebroek (The Silvacom Group) 

Andrew served as Silvacom's project manager/lead for a team of analysts and GIS specialists 

supporting the sustainability analysis portion of this project. Andrew has over 5 years of 

consulting experience with the Silvacom Group fulfilling many roles from a very technical 

Resource Analyst function, performing mathematical modeling and advanced statistical analysis 

in the areas of forest mensuration and biometrics, to more traditional Business Analyst roles for 

many large scale projects, and culminating more recently to managing a variety of major projects 

for Forestry, Energy, and Utility companies. 

Dave Lovekin 

Dave Lovekin is with Pembina Corporate Consulting and is certified in GHG accounting and 

GHG project-level accounting through the Greenhouse Management Institute. Daveôs works 

with stakeholders in businesses, industry and NGOs in renewable energy technologies, including 

solar, wind, geothermal, small-scale hydro, bioenergy (biomass, biogas and biofuels), alternative 



 

The Pembina Institute iv Biomass Sustainability Analysis  

technologies and energy efficiency solutions, providing technical assessments on the technical 

and economic feasibility of renewable energy options. 

Since joining Pembina in 2008, his key work components include managing various technical 

projects specific to PCCôs Climate Change services, life cycle assessment and renewable energy. 

Dave has also been involved in various policy projects related to national energy strategies, 

renewable energy, carbon capture and storage, and cumulative environmental effects. Dave has a 

masterôs degree in systems design engineering from the University of Waterloo. 

Marlo Raynolds 

Dr. Marlo Raynolds is senior advisor to the Pembina Institute, and held the position of Executive 

Director until January 2011. He has worked with the Institute since 1995 in the development and 

practical application of triple-bottom-line decision-making tools, strategies for sustainability, and 

policy research and advocacy. Marlo has worked with a wide range of clients including many of 

the large Canadian energy companies. He holds a PhD in mechanical engineering (University of 

Alberta), a B.Sc. in systems design engineering (University of Waterloo), and a master's degree 

in management and leadership for the voluntary sector (McGill University). He is also an adjunct 

assistant professor of sustainable development at the Haskayne School of Business, University of 

Calgary and was recognized as one of Canada's "Top 40 Under 40" for 2008.  

Acknowledgements 

This report was developed as part of a consulting contract for the Ontario Power Generation.  

An undertaking of this size requires the support and advice of a number of people. The authors 

would like to thank the following people.  

 Brad Dollevoet  

 Glen Foley 

 Werner Kurtz 

 Eric Nielson  

 John Parkins 

 Mike Patriquin  

 Dan Rouillard  

 Silvia Stroble  

 Bill White  

This report benefited from the participation of the projectôs Technical Advisory Committee, 

funding, input and guidance from Ontario Power Generation, and the expert advice of the people 

mentioned above. This report is better because of this wide variety of input; however, the authors 

acknowledge their responsibility for any errors or omissions.  

 



 

The Pembina Institute v Biomass Sustainability Analysis 

Biomass Sustainability 
Analysis  

An assessment of Ontario-sourced forest-based 
biomass 

Contents 

Executive summary ................................................................................................................. 1 

1. Introduction ..................................................................................................................... 4 

1.1 Purpose and scope ...................................................................................................... 4 

1.2 Defining biomass sustainability .................................................................................... 8 

1.3 Assumptions and limitations ......................................................................................... 9 

1.4 Outline of report ..........................................................................................................10 

2. Background: Measuring biomass sustainability .........................................................11 

2.1 Defining biomass sustainability criteria and an indicator framework ............................11 

3. Modelling framework .....................................................................................................14 

3.1 Future biomass sustainability scenarios ......................................................................14 

3.2 Potential sources of biomass volume for wood pellet production .................................17 

3.3 Biomass sustainability modelling methodology ............................................................18 

3.3.1 Life cycle activity map ï Biomass combustion for electricity ...............................19 

3.3.2 Provincial Impact Assessment Model .................................................................21 

3.3.3 Life cycle analysis of biomass supply chain .......................................................22 

3.3.4 Forest carbon accounting framework .................................................................23 

3.3.5 Costs and revenue estimations ..........................................................................26 

3.3.6 Social well-being modelling ................................................................................27 

4. Sustainability analysis results: Environmental indicators .........................................31 

4.1 Total carbon stored in Crown land forests ...................................................................31 

4.2 Total biomass tonnage available and harvested ..........................................................34 

4.3 Life cycle GHG emissions for the biomass pathway ....................................................36 

4.3.1 GHG emissions for the BAU + 2M ODT scenario ...............................................36 



 

The Pembina Institute vi Biomass Sustainability Analysis  

4.3.2 GHG Emissions for the MSH Scenario ...............................................................38 

4.4 Biomass pathway versus natural gas pathway ............................................................39 

4.4.1 BAU + 2M ODT scenario ...................................................................................40 

4.4.2 MSH scenario ....................................................................................................42 

5. Sustainability analysis results: Social well-being indicators .....................................45 

5.1 Social well-being impacts ð BAU + 2 M ODT Scenario ..............................................45 

5.1.1 Maintain or enhance socio-economic well-being ................................................45 

5.1.2 Biomass production contributes to local and national prosperity ........................48 

5.2 Social well-being impacts ð MSH Scenario ................................................................48 

5.2.1 Maintain or enhance socio-economic well-being ................................................48 

5.2.2 Biomass production contributes to local and national prosperity ........................49 

6. Discussions and Recommendations ............................................................................51 

6.1 Summary of key findings .............................................................................................51 

6.2 Discussion ...................................................................................................................52 

6.3 Recommendations for biomass sustainability ..............................................................53 

6.3.1 Recommendations for Ontario Power Generation ..............................................54 

6.3.2 Recommendations for the Ontario Government .................................................54 

6.4 Further research and analysis .....................................................................................55 

Appendix A. Technical Advisory Committee ...................................................................57 

Appendix B. Biomass sustainability indicator framework ..............................................59 

Appendix C. Modelling constraints and assumptions ....................................................72 

Appendix D. Supporting information for Provincial Planning Model .............................74 

Appendix E. GHG life cycle assessment supporting information ..................................75 

Appendix F. GHG and economic cost coefficients .........................................................80 

Appendix G. Sustainability analysis ï detailed results ...................................................83 

Appendix H. Age class structure of the Boreal and GLSL forests ............................... 106 

Appendix I. Addendum ï Analysis of pellet production for the northwest region of 
Ontario éééééééééééééééééééééééééééééééééé.109 

 



 

The Pembina Institute vii Biomass Sustainability Analysis  

List of Figures 

Figure 1. Geographic scope of the Biomass Sustainability Analysis ........................................... 6 

Figure 2. Locations of the proposed pellet plans by forest management administrative unit. ...... 7 

Figure 3. Outline of the modelling framework used for the OPG Biomass Sustainability Analysis
 ..........................................................................................................................................14 

Figure 4. Timber harvest level assumptions for the BAU and BAU + 2 M ODT scenarios. ........15 

Figure 5. Timber harvest rates for the MSH scenario. ...............................................................17 

Figure 6. Biomass pellet life cycle activity map..........................................................................20 

Figure 7. Total carbon stored in Ontarioôs Crown land forests for all four scenarios ..................32 

Figure 8. Total tonnage (M ODT/year) of biomass available and harvested for the BAU +2M 
ODT and MSH scenarios ...................................................................................................35 

Figure 9. Proportion of GHG emissions by activity type for the BAU + 2 M ODT scenario .........36 

Figure 10. Total greenhouse gas emissions (CO2e/10 year period) for the BAU + 2 M ODT 
scenario ............................................................................................................................37 

Figure 11. Proportion of GHG emissions by biomass activity type for the MSH scenario ..........38 

Figure 12. Total greenhouse gas emissions (CO2e/10 year period) for the MSH scenario ........39 

Figure 13. Comparison of GHG emissions produced for the biomass and NGCC pathways for 
the BAU + 2 M ODT scenario. ...........................................................................................41 

Figure 14. Cumulative GHG emissions for the biomass and NGCC pathways for the BAU + 2M 
ODT scenario ....................................................................................................................42 

Figure 15. Comparison of GHG emissions produced for the biomass and NGCC pathways for 
the MSH scenario ..............................................................................................................43 

Figure 16. Cumulative GHG emissions of the biomass and NGCC pathways for the MSH 
scenario ............................................................................................................................44 

Figure 17. Average annual burn fraction applied to the modelling scenarios .............................74 

Figure 18. Total carbon stored in the Boreal forest for the No Harvest scenario ........................83 

Figure 19. Total carbon stored in the GLSL forest region for the No Harvest scenario ..............84 

Figure 20. Total carbon stored in the Boreal and GLSL forest region for the No Harvest scenario
 ..........................................................................................................................................84 

Figure 21. Periodic change in Boreal forest carbon for the No Harvest scenario .......................85 

Figure 22. Periodic change in GLSL forest carbon for the No Harvest scenario ........................85 

Figure 23. Periodic change in Boreal and GLSL forest carbon for the No Harvest scenario ......86 

Figure 24. Total carbon stored in the Boreal Forest region by product pool for the BAU Scenario
 ..........................................................................................................................................86 

Figure 25. Total carbon stored in the GLSL forest region by product pool for the BAU scenario87 

Figure 26. Total carbon stored in the Boreal and GLSL forest regions for the BAU scenario .....87 



 

The Pembina Institute viii Biomass Sustainability Analysis  

Figure 27. Periodic change in Boreal forest carbon stored for the BAU scenario.......................88 

Figure 28. Periodic change in GLSL forest carbon stored for the BAU scenario ........................88 

Figure 29. Periodic change in carbon stored for the Boreal and GLSL forest regions ................89 

Figure 30. Change in Boreal forest carbon stored between the ñno harvestò and the BAU 
scenarios ...........................................................................................................................89 

Figure 31. Change in GLSL forest carbon stored between the No Harvest and the BAU 
scenarios ...........................................................................................................................90 

Figure 32. Change in Boreal and GLSL forest carbon between the No Harvest and the BAU 
scenarios ...........................................................................................................................90 

Figure 33. Total carbon stored in the Boreal forest region by product pool for the BAU + 2 M 
ODT scenario ....................................................................................................................91 

Figure 34. Total carbon stored in the GLSL forest region by product pool for the BAU + 2 M 
ODT scenario ....................................................................................................................91 

Figure 35. Carbon stored in the Boreal and GLSL for the BAU + 2 M ODT scenario .................92 

Figure 36. Periodic changes in Boreal forest carbon stored for the BAU + 2 M ODT scenario ..92 

Figure 37. Periodic changes in GLSL forest carbon stored for the BAU + 2 M ODT scenario ....93 

Figure 38. Periodic changes in Boreal and GLSL forest carbon stored in the BAU + 2M ODT 
scenario ............................................................................................................................93 

Figure 39. Periodic change in Boreal forest carbon stored between the BAU and BAU + 2 M 
ODT scenarios ..................................................................................................................94 

Figure 40. Periodic change in GLSL forest carbon stored between the BAU and BAU + 2M ODT 
scenarios ...........................................................................................................................94 

Figure 41. Periodic change in Boreal and GLSL forest carbon stored between the BAU and BAU 
+ 2 M ODT scenarios ........................................................................................................95 

Figure 42. Total tonnage (ODT) of available biomass for pellet production in the Boreal forest 
region for the BAU + 2M ODT scenario .............................................................................95 

Figure 43. Total tonnage (ODT) of available biomass for pellet production in the GLSL forest 
region for the BAU + 2M ODT scenario .............................................................................96 

Figure 44. Total tonnage (ODT) of available biomass for pellet production in the Boreal and the 
GLSL forest regions for the BAU + 2M ODT scenario. .......................................................96 

Figure 45. Total tonnage (ODT) of biomass harvested for pellet production in the Boreal forest 
region for the BAU + 2M ODT scenario .............................................................................97 

Figure 46. Total tonnage (ODT) of biomass harvested for pellet production in the GLSL forest 
region for the BAU + 2M ODT scenario .............................................................................97 

Figure 47. Total tonnage (ODT) of biomass harvested for pellet production in the Boreal and 
GLSL forest regions for the BAU + 2M ODT scenario ........................................................98 

Figure 48. Total carbon stored in the Boreal forest region by product pool for the MSH scenario
 ..........................................................................................................................................98 

Figure 49. Total carbon stored in the GLSL forest region by product pool for the MSH scenario
 ..........................................................................................................................................99 



 

The Pembina Institute ix Biomass Sustainability Analysis  

Figure 50. Total carbon stored in the Boreal and GLSL forest region by product pool for the 
MSH scenario ....................................................................................................................99 

Figure 51. Periodic changes in Boreal forest carbon stored for the MSH scenario .................. 100 

Figure 52. Periodic changes in GLSL forest carbon stored for the MSH scenario ................... 100 

Figure 53. Periodic changes in Boreal and GLSL forest carbon stored for the MSH scenario . 101 

Figure 54. Periodic change in Boreal forest carbon stored between the BAU and MSH scenarios
 ........................................................................................................................................ 101 

Figure 55. Periodic change in GLSL forest carbon stored between the BAU and MSH scenarios
 ........................................................................................................................................ 102 

Figure 56. Periodic change in Boreal and GLSL forest carbon stored between the BAU and 
MSH scenarios ................................................................................................................ 102 

Figure 57. Total tonnage (M ODT) of available biomass for pellet production in the Boreal forest 
region for the MSH scenario. ........................................................................................... 103 

Figure 58. Total tonnage (M ODT) of available biomass for pellet production in the GLSL forest 
region for the MSH scenario. ........................................................................................... 103 

Figure 59. Total tonnage (M ODT) of available biomass for pellet production in the Boreal and 
the GLSL forest regions for the MSH scenario................................................................. 104 

Figure 60. Total tonnage (M ODT) of biomass harvested or pellet production in the Boreal forest 
region for the MSH scenario. ........................................................................................... 104 

Figure 61. Total tonnage (M ODT) of biomass harvested for pellet production in the GLSL forest 
region for the MSH scenario. ........................................................................................... 105 

Figure 62. Total tonnage (M ODT) of biomass harvested for pellet production in the Boreal and 
the GLSL forest regions for the MSH scenario................................................................. 105 

Figure 63. Age class of the Boreal Forest in 2010 ................................................................... 106 

Figure 64. Age class of the Boreal Forest in 2050 ................................................................... 106 

Figure 65. Age class of the Boreal Forest in 2110 ................................................................... 107 

Figure 66. Age class of the GLSL Forest in 2010 .................................................................... 107 

Figure 67. Age class of the GLSL Forest in 2050 .................................................................... 108 

Figure 68. Age class of the GLSL Forest in 2100 .................................................................... 108 

Figure 69. Forest Management Units for the Atikokan 100K scenario ..................................... 110 

Figure 70. Forest Management Units for the Atikokan 200K scenario ..................................... 110 

Figure 71. Forest Management Units for the Atikokan-Thunder Bay 500K scenario ................ 111 

Figure 72. Total carbon stored for the Atikokan 100K, Atikokan 200K and Atikokan-Thunder Bay 
500K scenarios................................................................................................................ 112 

Figure 73. Total biomass inventory and harvested for Atikokan 100K, Atikokan 200K and 
Atikokan-Thunder Bay 500K scenarios ............................................................................ 113 

Figure 74. Proportion of GHG emissions by activity type for the Atikokan 100K scenario ........ 114 

Figure 75. Life cycle GHG emissions for the Atikokan 100K scenario ..................................... 114 



 

The Pembina Institute x Biomass Sustainability Analysis  

Figure 76. Proportion of GHG emissions by activity type for the Atikokan 200K scenario ........ 115 

Figure 77. Life cycle GHG emissions for the Atikokan 200K scenario ..................................... 116 

Figure 78. Proportion of GHG emissions by activity type for the Atikokan-Thunder Bay 500K 
scenario .......................................................................................................................... 117 

Figure 79. Life cycle GHG emissions for the Atikokan-Thunder Bay 500K scenario ................ 118 

Figure 80. Comparison of GHG emissions produced for the biomass and NGCC pathways for 
the Atikokan 100K scenario. ............................................................................................ 119 

Figure 81. Cumulative GHG emissions of the biomass and NGCC pathways for the Atikokan 
100K scenario ................................................................................................................. 120 

Figure 82. Comparison of GHG emissions produced for the biomass and NGCC pathways for 
the Atikokan 200K scenario. ............................................................................................ 121 

Figure 83. Cumulative GHG emissions of the biomass and NGCC pathways for the Atikokan 
200K scenario ................................................................................................................. 121 

Figure 84. Comparison of GHG emissions produced for the biomass and NGCC pathways for 
the Atikokan-Thunder Bay 500,000 scenario. .................................................................. 122 

Figure 85. Cumulative GHG emissions of the biomass and NGCC pathways for the Atikokan-
Thunder Bay 500K scenario ............................................................................................ 123 

 



 

The Pembina Institute xi Biomass Sustainability Analysis  

List of Tables 

Table 1. Scenarios included in the sustainability analysis .......................................................... 4 

Table 2. Criteria and indicators to estimate environmental sustainability ...................................12 

Table 3. Criteria and indicators to estimate socio-economic well-being .....................................12 

Table 4. Breakdown of 2M ODT of biomass ..............................................................................16 

Table 5. Potential sources of forest-based biomass for wood pellet production .........................17 

Table 6. Summary of data sources for the Provincial Planning Model .......................................21 

Table 7. Forest carbon pools included in this analysis...............................................................24 

Table 8. Sensitivity analysis on the definition of forest dependence ..........................................28 

Table 9. Descriptive statistics of the social well-being model (using 5% labour force cut off) .....29 

Table 10. Drop in total carbon stored from BAU to BAU + 2M ODT scenario and from BAU to 
MSH scenario ....................................................................................................................33 

Table 11. GHG emissions (CO2e/year) by biomass activity type for the BAU + 2 M ODT 
scenario ............................................................................................................................37 

Table 12. Annual GHG emissions by biomass activity type for the MSH scenario for the Boreal 
and GLSL forest regions ....................................................................................................39 

Table 13. Description of carbon account framework used to compare biomass and natural gas 
scenarios ...........................................................................................................................40 

Table 14. Labour force (LF) contribution for the BAU + 2M ODT scenario ................................45 

Table 15. Social well-being results for the BAU + 2 M ODT scenario ........................................46 

Table 16. Estimated GDP contribution ($ millions/year, discounted at 4%) from the biomass 
sector to Ontarioôs GDP for the BAU + 2 M ODT scenario .................................................48 

Table 17. Labour force (LF) contribution (full-time equivalents) from the MSH scenario. ...........48 

Table 18. Social well-being results for the MSH scenario ..........................................................49 

Table 19. Estimated GHG contribution ($ millions/year, discounted at 4%) from the MSH 
scenario ............................................................................................................................49 

Table 20. List of TAC members that participated in this project. ................................................57 

Table 21. C&I for management planning, monitoring and compliance .......................................60 

Table 22. C&I for renewable resource use ................................................................................61 

Table 23. C&I for greenhouse gas emissions and forest carbon cycle ......................................62 

Table 24. C&I for air emissions .................................................................................................62 

Table 25. C&I for soil quality and site productivity .....................................................................63 

Table 26. C&I for hydrology and water quality ...........................................................................64 

Table 27. C&I for biodiversity and terrestrial habitat ..................................................................65 

Table 28. C&I for social-economic well-being ............................................................................66 



 

The Pembina Institute xii Biomass Sustainability Analysis  

Table 29. C&I for indigenous peopleôs rights .............................................................................69 

Table 30. C&I for community engagement ................................................................................70 

Table 31. Environmental modelling ï Main assumptions ...........................................................72 

Table 32. Socio-economic Modelling Assumptions ...................................................................73 

Table 33: List of material, energy and distance inputs used in the LCA .....................................76 

Table 34. Life cycle GHG coefficients .......................................................................................80 

Table 35. Cost coefficients ........................................................................................................81 

Table 36. FMU numbers for each scenario ............................................................................. 111 

Table 37. Change in total carbon stored for the Atikokan 100K, Atikokan 200K and Atikokan-
Thunder Bay 500K scenarios .......................................................................................... 112 

Table 38. Annual GHG emissions by biomass activity type for the Atikokan 100K scenario .... 115 

Table 39. Annual GHG emissions by biomass activity type for the Atikokan 200K scenario .... 116 

Table 40. Annual GHG emissions by biomass activity type for the Atikokan-Thunder Bay 500K 
scenario .......................................................................................................................... 118 

Table 41. Estimated contribution ($ millions/year, discounted at 4%) from the biomass sector to 
Ontarioôs GDP for the Atikokan 100K scenario ................................................................ 124 

Table 42. Labour force contribution for the Atikokan 100K scenario ........................................ 124 

Table 43. Estimated contribution ($ millions/year, discounted at 4%)  from the biomass sector to 
Ontarioôs GDP for the Atikokan 200K scenario ................................................................ 124 

Table 44. Labour force contribution for the Atikokan 200K scenario ........................................ 125 

Table 45. Estimated contribution ($ millions/year, discounted at 4%) from the biomass sector to 
Ontarioôs GDP for the Atikokan-Thunder Bay 500K scenario ........................................... 125 

Table 46. Labour force contribution for the Atikokan-Thunder Bay scenario ............................ 126 

 



 

The Pembina Institute 1 Biomass Sustainability Analysis 

Executive summary  

The Government of Ontario has committed to 

eliminating coal-fired power by end of 2014 

as a step towards meeting Ontarioôs 

commitment to fighting climate change. 

Because of this mandate, Ontario Power 

Generation (OPG) is evaluating the feasibility 

of converting coal-fired electricity generating 

units to fire (or to co-fire with natural gas) 

Ontario-sourced renewable biomass.  

In response to a Request For Proposals bid, 

the Pembina Institute was selected to analyze 

existing data sources and information and 

report on the economic, social and 

environmental sustainability of electricity 

generation from renewable forest-based 

biomass. This sustainability analysis is 

conducted in the context of four scenarios, 

chosen by OPG, for the timeframe 2015 to 

2115. 

To guide the sustainability modelling and 

analysis it is critical to define what is meant 

by ñbiomass sustainability.ò The definition of 

renewable biomass that was adopted for this 

report is defined by the United Nations 

Framework Convention on Climate Change. 

The sustainability analysis studies four 

scenarios in total; two baseline scenarios and 

two future scenarios where forest-based 

biomass would be harvested to supply 

biomass feedstock for pellet production. The 

first future scenario is to supply two million 

oven dried tonnes (ODT) of wood pellets as a 

co-product to a ñbusiness as usualò (BAU) 

forest industry (herein referred to as the BAU 

+ 2 M ODT scenario). The other future 

biomass scenario is to examine the maximum 

volume of wood pellets that can be co-

produced from forest operations on Ontarioôs 

Crown land while still meeting the definition 

of renewable biomass (herein referred to as 

the MSH scenario). Under both of these 

scenarios timber harvesting was assumed to 

take place under an environmental policy 

whereby the total forest carbon stock cannot 

decline over the planning horizon. Also, it is 

assumed throughout this analysis that the 

wood pellets would be used to supply four 

electricity generation stations in the province: 

Atikokan, Thunder Bay, Nanticoke and 

Lambton. 

Two baseline scenarios provide estimates of 

forest carbon without an incremental wood 

pellet industry. The first baseline scenario 

examines the trends in forest carbon in the 

absence of any harvesting (i.e. no forest 

industry) (herein referred to as the No Harvest 

scenario) and the second scenario examines 

the trends in forest carbon under the current 

business-as-usual harvest rates in the province 

(herein referred to as the BAU scenario).  

Evaluating the sustainability of OPGôs 

proposed use of forest-based biomass involves 

defining and modelling a range of forest, 

carbon and operational parameters for the 

forest landbase being considered ð 

specifically the forest management units 

(FMUs) operating in the Boreal and Great 

LakesïSt. Lawrence (GLSL) forest regions of 

Ontario. This required the use of the Ontario 

Ministry of Natural Resourcesô (OMNR) 

Provincial Impacts Assessment Model that 

incorporates forest carbon pools, life cycle 

GHG emissions coefficients and direct cost, 

revenue and employment multipliers to 

provide outputs for the sustainability criteria 

and indicators. The results for these indicators 

are presented in Chapter 4. 
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To assess the potential impacts of using forest-

based biomass on forest-dependent 

communities, we have developed a social 

well-being modelling framework to estimate a 

suite of socio-economic indicators that 

contribute to a communityôs well-being. The 

results for these indicators are presented in 

Chapter 5.  

The results of this analysis contribute to the 

on-going discussion related to biomass 

sustainability specific to OPGôs interests in 

utilizing biomass for electricity generation. As 

well, given the focus of this analysis and its 

relevance to the business strategy of OPG and 

policymaking in this area for the Government 

of Ontario, it is important to highlight the 

most salient findings from this work.  

The following key findings are supported by 

this analysis:  

 Harvesting of forest biomass for electricity 

production can be done in such a way as to 

not systematically decrease forest carbon 

stores over time (Figure 7). This outcome 

is consistent with the UNFCCC definition 

of renewable biomass.  

 This analysis validated that the availability 

of renewable biomass for pellet production 

is directly tied to current harvesting 

activities on Crown land. Further, the 

future supply of renewable biomass for 

pellet production is constrained to a 

sustainable harvest level of 16 Mm
3
/year 

for the first five years of the analysis 

(2015 to 2020) and 20.1 Mm
3
/year for the 

remaining time periods in the planning 

horizon. 

 In Ontario, there is a sustainable long-term 

flow of 2.9M ODT at existing harvest 

rates in the Boreal and GLSL forest 

regions (Figure 44). Further, additional 

biomass at an average of 3.1 M ODT, is 

harvested at a rate of 20.1 Mm
3
/year 

(Figure 59).  

 There are a variety of biomass resource 

types available for pellet production in the 

province and these resource types have 

unique impacts on forest carbon, life cycle 

GHG emissions and costs. This analysis 

indicates that the priority biomass sources 

include: sawmill waste, forest residues 

from logging, low-grade wood volumes, 

and salvage wood volumes post-fire.  

 High-grade timber volumes are not 

specifically targeted to be a resource for 

energy production in this study. All 

biomass resources are composed of waste 

(forest residues and sawmill waste), low-

grade timber volumes and non-

merchantable timber volume in clearcut 

stands. 

 The use of biomass for electricity 

generation at a level of 2M ODT/year 

produces an average net contribution of 

0.26 MT CO2e/year (Figure 13) taking into 

account both life-cycle emissions to 

produce and transport biomass as well as 

net changes in forest carbon compared to 

BAU. Therefore, under the assumptions 

laid out in the BAU + 2M ODT scenario, 

biomass for electricity generation is 

renewable but on a life-cycle basis is a net 

source of GHG emissions. 

 Relative to a natural gas pathway, using 

biomass for electricity generation at an 

annual consumption rate of 2M ODT/year 

(BAU + 2 M ODT scenario) reduces 

emissions by 106.0 MT CO2e over the 

100-year planning horizon or on average 

1.0 MT CO2e reduction annually.  This 

represents an 80% reduction from the 

natural gas pathway. 

 The social well-being impacts associated 

with introducing a biomass sector to the 

province (as per the BAU + 2 M ODT and 

MSH scenarios) is not expected to make a 

substantial impact on the social outcome 

variables examined. However, a biomass 
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sector in the province (as per the BAU + 2 

M ODT and MSH scenarios) would create 

more than 3,569 and 5,779 new full-time 

jobs (Table 14 and Table 17), respectively 

over 15 years (2015-2030). 

 As well, from the BAU + 2 M ODT and 

MSH scenarios we could expect an 

average annual contribution to GDP of 

$590 million (Table 16) and $729 million 

(Table 19), respectively.  

There are a number of business and 

sustainability recommendations that can be 

made from this analysis:  

 Using biomass for wood pellet production 

as a substitute fuel source for coal and 

natural gas will lead to meaningful 

reduction in GHG emissions. As such, the 

focus of new generation station conversion 

should consider biomass as a priority 

feedstock.  

 If OPG chooses to proceed further with 

converting additional coal power plants to 

utilize renewable biomass, consideration 

should be given to sourcing some volumes 

of biomass from sustainably-managed 

private lands and agriculture resources to 

ensure the long-term viability of biomass 

supplies, in the event that the forest 

industry does not recover. 

 To enhance the local economic 

development potential of using renewable 

biomass for electricity production, OPG 

should encourage pellet providers to locate 

their pellet plants in communities, 

including Aboriginal communities. Many 

of these communities are forest dependent, 

and focusing long-term investments in the 

biomass industry in these communities is 

likely to provide the most benefit for each 

dollar invested in a biomass sector. 

While not examined in this analysis, it is to be 

expected that OPG and the Province of 

Ontario will experience economic gains from 

using an energy resource that can be 

sustainably sourced within Ontario rather than 

importing fossil fuels. As such, there will be 

additional financial resources available that 

could be considered for investment in research 

and development to drive improvements in 

biomass processing, more efficient 

combustion technologies, and innovations 

along the biomass supply chain ð all of 

which will enhance the overall viability of 

biomass as a long-term source of energy for 

Ontario.
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1. Introduction  

1.1 Purpose and scope 

The Government of Ontario has committed to eliminating coal-fired power by the end of 2014 as 

a step towards meeting Ontarioôs commitment to fighting climate change
1
. Because of this 

mandate, Ontario Power Generation (OPG) is evaluating the feasibility of converting coal-fired 

electricity generating units to fire (or to co-fire with natural gas) with Ontario-sourced renewable 

biomass.  

In response to a Request For Proposals bid, The Pembina Institute was selected to research and 

analyze existing data sources and information and report on the economic, social and 

environmental sustainability of electricity generation from renewable forest-based biomass. This 

sustainability analysis, is conducted in the context of four scenarios, chosen by OPG, for the 

timeframe 2015 to 2115. The four scenarios are presented in Table 1.  

Table 1. Scenarios included in the sustainability analysis
2
  

Scenario  Abbreviation  Objective 

No harvest NH To understand the long-term (100-year) trends in 
forest ecosystem carbon and forest volumes in 
the absence of on-going human disturbance.  

Historical harvest rates BAU To understand the long-term trends (100-year) in 
forest carbon and forest volumes with the 
presence of traditional forest sector activity (i.e. 
pulp and paper and wood product manufacturing 
sectors).  

Historical harvest rates 
with biomass wood pellet 
production (2 million oven-
dried tonnes (ODT) per 
year)

 3
 

BAU + 2M ODT To understand the long-term trends (100-year) in 
forest carbon and other environmental indicators 
with the presence of traditional forest sector 
activity and an integrated wood pellet supply 
chain. 

To understand the short-term (15-year) socio-
economic implications of introducing an 
integrated wood pellet supply chain in Ontario. 

                                                 
1
 For more information on Ontarioôs coal phase out commitment, please visit 

http://news.ontario.ca/mei/en/2009/09/ontarios-coal-phase-out-plan.html.  
2
 A more detailed account of these scenarios is provided in Section 3.1. 

3
 At a rate that sustains a non-declining forest carbon balance over time relative to BAU..  It is also important to note 

that to meet a 2 million ODT target requires a harvest of 2.3 million ODT of pellets as 15% of wood pellets are 

consumed in the drying process.  
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Maximum sustainable 

harvest
4
 

MSH  To understand the long-term (100-year) trends in 
forest carbon and other environmental indicators 
with the presence of traditional forest sector 
activity and an integrated wood pellet supply 
chain. 

To understand the short-term (15-years) socio-
economic implications of introducing an 
integrated wood pellet supply chain in Ontario. 

OPG commissioned the Pembina Institute to conduct a sustainability analysis of four scenarios in 

total: two future scenarios where forest-based biomass would be harvested to supply feedstock 

for pellet production and two scenarios that serve as baseline estimations of forest carbon
5
. The 

wood pellets would be used to supply four electricity generation stations in the province, located 

in Atikokan, Thunder Bay, Nanticoke and Lambton.  

These generating stations are located in two regions of Ontario: the boreal northwest region of 

the province and in southern Ontario. The harvesting and pellet production are to be conducted 

within the forest management units of the province, Figure 1 shows the distribution of the current 

forest managements units in the province (46 in total).  

                                                 
4
 At a rate that sustains a non-declining forest carbon balance over time relative to BAU.  The Maximum sustainable 

harvest scenario defined here should not be confused or compared with Ontarioôs maximum annual harvest level. 
5
 Forest carbon is defined as the amount of carbon stored in living and dead forest biomass. This includes carbon 

stored in above-ground biomass, below-ground biomass and conventional wood product pools (lumber, paper and 

fibreboard) 
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Figure 1. Geographic scope of the Biomass Sustainability Analysis  

(Source: OMNR 2010). 

Figure 2 shows the location of the pellet plants and generating stations in the future scenarios 

used to inform the scenario modelling. The modelling framework is described in more details in 

Chapter 3.  
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Figure 2. Locations of the proposed pellet plans by forest management administrative unit. 

One of the main drivers for OPG to consider the use of biomass for electricity generation is 

continuous improvement in managing greenhouse gas emissions - as indicated in OPGôs 

Sustainable Development policy
6
. As such, a number of key questions related to the GHG 

balance of this initiative are addressed in this analysis. These questions, taken from OPGôs 

Request For Proposal, include:  

 Do Ontarioôs forests serve as a carbon sink under all future biomass harvesting 

scenarios?  

 Are there circumstances where forest harvest to supply biomass for electricity 

production causes the level of carbon stocks to systematically decrease over time?  

 Are there circumstances where forest carbon stocks decline in absolute terms?  

To address these questions, biomass sustainability indicators and supporting modelling 

frameworks were developed with special attention given to defining the GHG emissions and 

forest carbon indicators in a way that adequately addresses the above questions.  

Further, the sustainability analysis is expected to evaluate a number of social, economic and 

environmental aspects of sustainability.  

                                                 
6
 http://www.opg.com/safety/sustainable/index.asp 
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The scope of the sustainability analysis includes Ontario-sourced forest based biomass from 

existing forest operations. The sources of biomass, discussed in more detail in Table 5, that are 

assessed within this study include:  

 forest residues (logging slash): tops, limbs, branches from the Boreal and GLSL forest 

regions 

 non-merchantable wood from the Boreal forest region and GLSL forest regions 

 low-grade merchantable wood volume from the GLSL and Boreal forest region 

 surplus sawmill residues in all forest management units (i.e., currently unutilized 

residues) 

 salvage logging from burned forest stands
7
 in the Boreal and GLSL forest regions 

In order to keep the scope of this analysis manageable the following applies:  

 The focus of the analysis is on the production of wood pellets within industrial managed 

forests. As such, single-species and mixed-species plantations (e.g. willow, hybrid 

poplar and genetically modified forest plantations),
8 
afforestation,

9 
and agro-forestry 

activities
10

 are considered out of scope.  

 The expected combustion technology being considered by OPG is fixed in the short 

term; therefore an extensive review of best available technologies for using wood-based 

pellets is out of scope. 

 Only wood-based pellets from Ontario are within the scope of OPGôs project (i.e. 

imports of wood pellets outside of Ontario are not considered); therefore when assessing 

sustainability aspects of biomass harvesting and transportation activities and co-firing, 

only data and information pertaining to Ontario operations is included. 

 High grade timber volumes are not specifically targeted to be a resource for energy 

production in this study. All biomass resources are composed of waste (forest residues 

and sawmill waste), low-grade timber volumes and non-merchantable timber volumes 

(i.e. pulpwood). 

1.2 Defining biomass sustainability  

To guide the sustainability modelling and analysis it is critical to define what is meant by 

ñrenewable biomass.ò The definition of renewable biomass that was adopted for this report is 

defined by the United Nations Framework Convention on Climate Change, which reads:
11

 

                                                 
7
 The types of natural disturbances in our modelling were restricted to burned forest stands as this was a modelling 

component available from OMNR. 
8
 Natural Resources Canada, ñCanadaôs Forests (Glossary)ò, 2010, http://canadaforests.nrcan.gc.ca/glossary/p. 

9
 Intergovernmental Panel On Climate Change, ñGlossary of Terms used in the IPCC Fourth Assessment Report,ò in 

Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change, ed. L.A. Meyer B. Metz, O.R. Davidson, P.R. Bosch, R. Dave (Cambridge, United Kingdom and New 

York, NY, USA: Cambridge University Press, 2007), http://www.ipcc.ch/pdf/glossary/ar4-wg3.pdf. 
10

 Agriculture and Agri-food Canada, ñAgroforestryò, 2010, http://www4.agr.gc.ca/AAFC-AAC/display-

afficher.do?id=1177431400694&lang=eng. 
11

 UNFCC. ñAnnex 18: Definition of Renewable Biomassò Clean Development Mechanism, EB 23 Report, pg. 1.  
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Biomass from forest lands is ñrenewableò if one of the following two conditions applies: 

1. The biomass is originating from land areas that are forests where: 

(a) The land area remains a forest; and 

(b) Sustainable management practices are undertaken on these land areas to 

ensure, in particular, that the level of carbon stocks on these land areas does 

not systematically decrease over time (carbon stocks may temporarily 

decrease due to harvesting); and 

(c) Any national or regional forestry and nature conservation regulations are 

complied with 

2. The biomass is a biomass residue and the use of that biomass residue in the project 

activity does not involve a decrease of carbon pools, in particular dead wood, litter 

or soil organic carbon, on the land areas where the biomass residues are originating 

from. 

This definition is used to guide the development of the potential sources of biomass for wood 

pellet production. 

1.3 Assumptions and limitations 

When examining the four scenarios, it is important to consider that a number of assumptions are 

required to enable a macro-scale view of how the scenarios are likely to occur. As is always the 

case with projections of the future, policy shifts, technological changes and global market shifts 

can occur to alter actual outcomes on the ground.  

Where appropriate, conservative assumptions possible were made in this analysis. These include: 

 Forest management policy in the province of Ontario captures the essence of 

sustainability.
12

 Therefore, critiquing existing forest management policy and practices in 

the province is out of scope of this work. 

 The use of the coal power plants (Atikokan, Thunder Bay, Nanticoke and Lambton) 

remains to be defined by the province of Ontario and OPG. However, to examine the 

depth and breadth of impacts on sustainability, OPG has outlined four scenarios to 

review. These scenarios are intended to represent the ñbook-endsò of sustainability for 

using forest-based biomass co-firing electricity production. 

 The biomass thermal combustion technologies for electricity generation, for the purpose 

of this analysis, is fixed. This report does not examine other wood pellet-based 

technologies, nor other forms of renewable energy. This report assumes that the two 

fuel types available for the four generation stations outlined above are natural gas and 

wood pellets.  

                                                 
12

 Government of Ontario. ñCrown Forest Sustainability Act, 1994ò available online: http://www.e-

laws.gov.on.ca/html/statutes/english/elaws_statutes_94c25_e.htm  
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 This report assumes that the current forest industry in the province has been in decline 

for at least the past five years. This decline has driven down the actual Crown land 

harvest level and nearly eliminated the pulp and paper industry. However, government 

intervention via the wood competitiveness process is expected to lead to full production 

being reached in the forest sector by 2035
13

. Estimations for available biomass are based 

on future harvest levels and these assumptions are captured in Section 3.1. 

 Low-grade
14

 timber volumes in GLSL region are currently not commercially viable for 

traditional wood product markets, therefore harvesting and using this volume of timber 

for wood pellet production is not expected to impact any existing or future markets for 

conventional wood products. 

 Sawmill residue, in the present and future, is available beyond the current level of 

consumption by the pulp and paper industry
15

. Therefore any surplus volume of sawmill 

waste will be directed to bioenergy production. 

 The assessment and comment on Aboriginal treaty rights related to resource 

development are beyond the scope of this report. 

1.4 Outline of report  

This report is structured into five sections:  

 Chapter 2 provides a summary of the sustainability analysis framework used to evaluate 

the environmental and social well-being aspects of biomass sustainability. 

 Chapter 3 provides details on the environmental and social well-being modelling 

frameworks used for the sustainability analysis. 

 Chapter 4 discusses and summarizes the environmental indicator results from the 

analysis. 

 Chapter 5 discusses and summarizes the social well-being indicator results from the 

analysis. 

 Finally, Chapter 6 provides a comprehensive summary of key findings, discussion and 

recommendations to OPG and the Province of Ontario on the overall results of this 

analysis. The chapter concludes with recommendations for further research and analysis 

that will provide further advancements on the knowledge, benefits and costs of using 

forest-based biomass for electricity production. 

                                                 
13

 This assumption is not based on any market analysis information but by the expectations of future forest sector 

growth, as indicated by the project Technical Advisory Committee and Ontario Ministry of Natural Resources. 
14

 Low-grade is equivalent to pulp-grade wood products. 
15

 Currently the pulp and paper industry consumes 1.2 million ODT of sawmill chip waste in the province.  
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2. Background: Measuring 
biomass sustainability 

2.1 Defining biomass sustainability criteria and an indicator 
framework  

In work preceding this report, OPG commissioned the Pembina Institute to develop a biomass 

sustainability criteria and indicator framework based on the leading peer-reviewed sources. 

Appendix B presents the full criteria and indicator framework that was developed. 

Unfortunately, data availability constrains the ability for this analysis to include the full suite of 

comprehensive criteria and indicators. To transparently choose which indicators would be 

reported on in this sustainability analysis, and to create a manageable and representative 

sustainability indicator framework, the following set of guiding principles was developed:
16

 

- Meaningful:  the criteria and indicator provides critical information to guide OPGôs 

decision-making related to using biomass co-firing for electricity generation. 

- Measurable: the indicator can be measured with existing data sources or within the 

existing modelling framework.  

- Variable: the criteria and their ensuing indicators are directly responsive to changes in 

the forest biomass supply-chain. Indicators that are constant over the time frame (e.g. 

resource efficiency) are not considered in the sustainability analysis.  

- Validated: modelling inputs are gathered from peer-reviewed sources and expert opinion 

and the results are assessed against credible published sources and expert opinion.  

- Appropriate to scale: modelling results, and the variables driving the modelling results, 

are appropriate to the spatial and temporal scales of the aspect of sustainability being 

considered. For example, socio-economic impacts are centred on forest-dependent 

communities in regions where the majority of the biomass harvesting is likely to take 

place.  

Using the above principles, modelling criteria and indicator frameworks were developed to 

evaluate the environmental sustainability and socio-economic well-being of using forest-based 

biomass. Table 2 and Table 3 provide a summary of the criteria and indicator used in this 

analysis.  

To ensure clarity, the terms used in the following tables are defined here:  

                                                 
16

 Feedback on each of the indicator frameworks was gathered from the projectôs Technical Advisory Committee.  
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 Criteria  ï conditions that have to be fulfilled for an operation to be considered 

sustainable or to be eligible for certification.
17

 Criteria are linked to objectives and have 

to be operational and measurable. 

 Indicators ï metrics that are used for the measurement of criteria to verify whether 

criteria are met and principles are observed.
18

 

As in all modelling exercises, it is important to consider the units of all indicators. This is true for 

the indicators presented in the tables below. When the units are expressed quantitatively (tonnes 

CO2e/year), those indicators are directly estimated in the model. Where the units are expressed 

qualitatively (Yes/No) the indicator is met through a modelling constraint. 

Table 2. Criteria and indicators to estimate environmental sustainability  

Criteria Indicator Units 

Forest-based biomass use for 
electricity generation is at a 
minimum, carbon neutral over the 
life of the project 

Direct GHG emissions from 
forest-based biomass supply-
chain 

Tonnes CO2e / year 

Change in carbon stored Tonnes CO2e / year 

Carbon balance of forest-based 
biomass 

Tonnes CO2e / year 

Biomass production does not lead 
to soil degradation  

Dead organic matter  Yes / No 

(non-declining volume 
constraint) 

Maintenance of high natural value 
areas 

Serial stage distributions
19

 Yes / No 

(area target based on 
existing policies) 

Habitat distributions
20

 Yes / No 

(area target based on 
existing policies) 

Natural disturbance processes are 
accounted for 

Timing and intensity of natural 
disturbances are accounted for 

Yes / No 

(area target based on 
existing policies) 

Table 3. Criteria and indicators to estimate socio-economic well-being 

Criteria Indicator Units 

Maintain or enhance socio- Employment benefits Number of people 

                                                 
17

 A minimum of Forest Stewardship Council certification is assumed to be a baseline industry standard.  
18

 J Vandam, M Junginger, et al., ñOverview of recent developments in sustainable biomass certification,ò Biomass 

and Bioenergy 32, no. 8 (August 2008): 749-780, doi:10.1016/j.biombioe.2008.01.018, 

http://linkinghub.elsevier.com/retrieve/pii/S0961953408000147. 
19

 Serial stage distributions are outlined in OMNRôs Landscape Guides: 

http://www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/258507.html  
20

 Habitat distributions are outlined in the OMNRôs Landscape Guides: 

http://www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/258507.html 
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economic well-being employed by sector 

Median and family income $ / person,$ / family 

Contribution to educational 
attainment 

% increase 

Prevalence of poverty % of homeowners 
spending more than 
30% of income on 
major payments 

Contribution to unemployment rates % change  

Biomass production contributes 
to local and national prosperity  

Contribution to GDP $ / year / sector 
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3. Modelling framework 

A modelling framework provides the ability to use existing data sources to estimate the potential 

outcomes in key environmental and socio-economic indicators. The models presented measure 

the trends and annual or periodic (by decade) changes in key indicators ð in this case, forest use 

impacts from electricity generation using Ontario-sourced forest biomass. Figure 3 presents the 

modelling framework defined for the biomass sustainability analysis.  

 

Figure 3. Outline of the modelling framework used for the OPG Biomass Sustainability Analysis 

Using Figure 3 as a guide to the modelling framework, the sections below outline the following:  

 Future biomass sustainability scenarios  

 Potential sources of biomass volume for input into wood pellet production 

 Biomass sustainability modelling methodology ï describes the models and data inputs 

used to estimate the variables needed to estimate the Biomass Sustainability indicator 

framework (as detailed in Table 2 and Table 3)  

 Outlines model validation process used to test the confidence of the modelling results.  

3.1 Future biomass sustainability scenarios 

OPG defined the following scenarios to be evaluated through this sustainability analysis to 

provide an indication of the impact of biomass co-firing:  
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Scenario 1: No Harvest (NH) 

 Examines the long-term trends in forest and forest carbon dynamics over the 100 year 

planning horizon when there is no harvesting on the Crown land base. 

 Includes impact of forest fire disturbances using an average annual burn fraction (See 

Appendix D).  

Scenario 2: Business as Usual (BAU)  

 Examines the long-term trends in forest and forest carbon dynamics over the 100 years 

planning horizon with the existence of a traditional forest industry harvesting for the 

current wood products: (lumber, pulp and paper and oriented strand board (OSB).  

 Harvest level of 15 million cubic meters per year (Mm
3
/year) for the first 5 years 

starting in 2015, increasing to a harvest level of 20 Mm
3
/year for the remainder of the 

100-year planning horizon, as shown in Figure 4. This projected harvest level is based 

on expert opinion and feedback from the projectôs Technical Advisory Committee.  

 Includes the impact of forest fire disturbances using an average annual burn fraction.  

 Provides a harvest volume and forest carbon baseline to assess changes in the remaining 

scenarios. 

 

Figure 4. Timber harvest level assumptions for the BAU and BAU + 2 M ODT scenarios.
21

 

                                                 
21

 It should be noted that the biomass volume would need to be added to the timber harvest level to obtain a total 

periodic harvest level.  
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Scenario 3: BAU plus 2M ODT biomass (BAU + 2M) 

 Examines the long-term trends in forest and forest carbon dynamics over a 100 years 

planning horizon with the existence of a traditional forest industry at a provincial Crown 

land harvest level as described above.  

 Includes the additional harvest of 2M oven dried tonnes (ODT) of wood pellets from 

forest biomass from the least-cost biomass sources described in Section 3.2. The 

breakdown of the 2M ODT of biomass for each of OPGôs four generation stations is 

shown in Table 4. 

 Includes the impact of forest fire disturbances using an average annual burn fraction.  

Table 4. Breakdown of 2M ODT of biomass 

Plant Pellet volume requirement 
(ODT/year) 

Percent of total 
volume required 

Number of pellet 
plants required 

Atikokan  200,000 10% 2 

Thunder Bay  300,000 15% 3 

Nanticoke  1,125,000 56% 9 

Lambton  375,000 19% 3 

Total  2,000,000 100% 17 

Scenario 4: Maximum sustainable harvest (MSH) 

Examines the long-term trends in forest and forest carbon dynamics over time with the 

existence of a traditional forest industry that is at full capacity with a provincial Crown land 

harvest level of 16 Mm
3
/year for the first five years of the planning horizon and 20.1 

Mm
3
/year for the remaining 95 years of the planning horizon (as depicted in Figure 5). 

 Includes the harvest of a resulting volume of forest biomass for wood pellet production 

(million ODT) from the least-cost biomass sources as described in Section 3.2. 

 Includes impact of forest fire disturbances using an average annual burn fraction.  



Modelling framework 

The Pembina Institute 17 Biomass Sustainability Analysis  

  

Figure 5. Timber harvest rates for the MSH scenario. 

The choice of future biomass supply scenarios is meant to provide the book-ends for potential 

environmental and socio-economic impacts from employing forest-based biomass for electricity 

generation.  

3.2 Potential sources of biomass volume for wood pellet 
production  

Through the literature review and discussions with the project Technical Advisory Committee, a 

list of potential sources of biomass have been defined for the Boreal and GLSL forest regions. 

Table 5 provides a description of the potential sources of biomass for pellet production that were 

examined in this study. Section 3.3.1 provides details on how each of these sources of wood 

biomass contributes to the economics of the biomass supply chain and GHG emissions.  

Table 5. Potential sources of forest-based biomass for wood pellet production 

Forest 
Region  

Source of 
Biomass  

Description  

Boreal  Forest harvest 
residue 

Road-side slash from whole tree harvested stands and non-
merchantable biomass from whole tree harvested stands. This 
study assumes that clearcutting is the dominant harvest technique 
in Ontarioôs boreal region. 

Low-grade 
timber volume  

Low-grade timber volume in the Boreal forest region refers to white 
birch wood volumes.  

Post-fire 
salvage  

50% of the volume from burned stands is assumed to be available 
for wood pellet production.  

Sawmill waste  Saw-dust, chips and bark are a low-cost source of biomass for 
wood pellets.  
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The volume available for wood pellet production is assumed to be 
that volume which is above the level currently consumed by the 
pulp and paper industry

22
 for co-generation. Sawmill waste is used 

as a source of biofibre in Scenario 4 only. 

GLSL  Forest harvest 
residue 

50% of the bundled slash from tree-length harvest operations in the 
GLSL forest region is assumed to be available for wood pellet 
production. This study assumes that selection and shelterwood is 
the dominant harvest technique in Ontarioôs GLSL region. 

Low-grade 
timber volume  

Low-grade timber volume in the GLSL forest region refers to 70% 
pulp-grade wood volume of white birch, 50% of poplar and 75% of 
tolerant hardwood. 

Post-fire 
salvage  

50% of the volume from burned stands is assumed to be available 
for wood pellet production.  

Sawmill waste  Sawdust, chips and bark are a low-cost source of biomass for wood 
pellets.  

The volume available for wood pellet production is assumed to be 
that volume which is above the level currently consumed by the 
pulp and paper industry for co-generation. Sawmill waste is used 
as a source of biofibre in Scenario 4 only. 

 

Based on the cost and life cycle GHG assumptions incorporated into the modelling, the biomass 

resource will are prioritized in the following order:  

1. Sawmill waste  

2. Forest residues from the Boreal  

3. Forest residues from the GLSL 

4. Low-grade residues from the Boreal 

5. Low-grade timber volume from the GLSL  

6. Post-fire salvage volume from Boreal or GLSL. 

These assumptions align with similar studies on this topic.
23

 

3.3 Biomass sustainability modelling methodology 

Evaluating the sustainability of OPGôs proposed use of forest-based biomass involves defining 

and modelling a range of forest, carbon and operational parameters for the forest landbase being 

considered ï specifically the FMUs operating in the Boreal and GLSL forest regions. This 

requires the use of OMNRôs Provincial Impacts Assessment Model that incorporates forest 

carbon pools, life cycle GHG emissions coefficients and direct cost, revenue and employment 

multipliers to provide outputs for the indicators presented in Chapter 4. 

                                                 
22

 The level of volume currently consumed by the pulp and paper industry is defined by historical wood flow data 

provided by Ontario Ministry of Natural Resources.  
23

 Jon McKechnie et al. ñForest Bioenergy or Forest Carbon? Assessing the Trade-offs in Greenhouse Gas 

Mitigation with Wood-Based Fuelsò Environmental Science and Technology 
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This section provides an overview of the models used in this analysis to estimate the range of 

environmental and socio-economic indicators. 

3.3.1 Life cycle activity map ï Biomass combustion for electricity 

Figure 6 displays a life cycle activity map for the activities included in this analysis. The 

coloured activities (grey and orange) denote those activities that have been excluded from the 

analysis. The clear activities denote those activities that are specific to the biomass supply chain 

and represent the incremental activities associated with harvesting biomass for pellet production. 
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Biomass Pellet Production Activity Map

A. Commissioning

Includes cost in life cycle but not emissions

Emissions assumed to be negligible

A1. Produce Steel

A2. Produce Equipment

A5. Transport 
Materials and Fuels

A3. Produce Concrete

A6. Retro-Fit Facility

A4. Extract Fuel

A7. Build Forestry 
Roads

A8. Construct Pellet Plants

B. Operation

FOREST RENEWAL

BOREAL  (Whole Tree Harvest) GLSL (Tree Length Harvest)

Residue Pickup Non-Merchantable & Merchantable Merchantable Non-Merchantable & Residue Pickup

(Roadside) Low Grade Low Grade (Forest)

Sawn Lumber Products

Waste to Pulp Mill

B8. Scarification

B12. Pelletize Biomass at Pellet Plant

B13. Transport to Power Plant 
(Road, Rail, Ship)

B9. Pre Commercial 
Thinning (PCT)

B10. Herbiciding

B1. Harvest-Skid-Slash 

B17. Combust at 
Thunder Bay

B16. Combust at 
Nanticoke

B15. Combust at 
Lambton

B14. Combust at 
Atikokan

B2. Chip at Roadside

B19. Saw Lumber 
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Figure 6. Biomass pellet life cycle activity map 
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3.3.2 Provincial Impact Assessment Model 

To conduct an analysis of alternative biomass scenarios on Crown land in Ontario, we used a 

provincial forest management planning model developed by Ontario Ministry of Natural 

Resources (OMNR), referred to here as the Provincial Impact Assessment Model (PIAM). The 

PIAM was developed using the Remsoft Spatial Planning System to estimate the outcomes for 

the environmental and socio-economic indicators outlined in Table 2 and Table 3. The Remsoft 

Spatial Planning System is considered to be a forest industry standard tool used for spatial forest 

management planning.  

Previous research on the issue of biomass harvested for electricity production was conducted 

using another provincial forest management model called SFMM and the FORCARB-ON 

model
24

, which are similar to the provincial planning the models but differ in assumptions and 

some of the underlying data sources used, which makes directs comparison of the modelling 

results difficult.  

Within the PIAM, forest features are represented for each forest region by stand-type areas, stand 

yields and eco-site. The model also defines natural and human-induced stand transition patterns, 

and possible actions taken by FMU forest managers. The PIAM model uses this underlying 

forest and forest activity information to produce a harvest schedule much like forest industry 

companies do to meet compliance with the Crown Land Forest Sustainability Act.
25

  

The data sources used to compile the area files, forest stand timber yields, natural and human-

induced forest stand transition patterns, and forest management actions are sourced from primary 

data sets held by various Ontario government departments. Table 6 outlines these departments 

and the data they provided to support the model used for this analysis.  

Table 6. Summary of data sources for the Provincial Planning Model  

Organization  Primary data sources used 

Ontario Ministry of Natural Resources 
(OMNR) 

Forest growth and yield data  

Stand transition data  

Descriptions of forest activities  

Coefficients to estimate forest biomass volumes from 
merchantable volume based growth and yield data.  

Forest product pool definitions and decay rates 

Forest Management Unit plans  

Non-timber harvest constraints from policy 
documents that include:  

Landscape Guides for the Boreal and GLSL 
forest regions 

Canadian Forest Service (CFS) Carbon Budget Model-derived carbon curves for:  

above-ground forest carbon pools 
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 See: Jon McKechnie et al. ñForest Bioenergy or Forest Carbon? Assessing the Trade-offs in Greenhouse Gas 

Mitigation with Wood-Based Fuelsò Environmental Science and Technology (In Press) 
25

 Government of Ontario. Sustainable Forest Management Act. (1997) 
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dead organic matter pools 

snag and dead tree pools  

The area of forest in the model represents the area of Boreal and GLSL forest regions and the 

associated Forest Management Units (Figure 8) within these forest regions. The area of Boreal 

and GLSL forest regions included in the PIAM represents 32% of the province (28.2 million 

hectares). The total area of Crown land that was used to source biomass represents 17.5% (18.8 

million hectares) of the provincial area.
26

  

In using the PIAM every effort was made to emulate the strategic level planning objectives and 

constraints adopted by Crown land lease holders. In this regard, the scenario that involved timber 

harvested was developed using a primary objective function that was to meet the harvest level. 

For the BAU and BAU + 2 M ODT scenarios this reflects the harvest level shown in Figure 4. 

For the MSH scenario the objective function consisted of maximizing the sustainable harvest 

level. One notable exception in our analysis, which differed from current Crown land 

management planning related to constraints related to carbon. In our analysis we used carbon 

constraints to ensure that harvest levels were met while minimizing the decline in forest carbon 

over time.  

3.3.3 Life cycle analysis of biomass supply chain 

Life cycle analysis is a quantitative approach to help assess the environmental impacts of any 

commodity at each stage of the productôs life cycle. In this study, the commodity is biomass-

generated electricity and the life cycle includes harvest, transportation to pellet plant, 

pelletization, transportation to generating station and combustion at generating station. All the 

stages considered in the life cycle are shown in Figure 6. This life cycle approach has been used 

to ensure all impacts are considered. The approach followed in this report is discussed below. 

Assumptions made and data sources used are included in Appendix E. 

ISO life cycle guidance documents 14040 and 14044
27

 have been used to guide the life cycle 

assessment. These guidance documents divide the life cycle into five steps: goal definition, 

scoping, inventory assessment, impact assessment and report writing. These steps are discussed 

in more detail below with supporting information available in Appendix E. 

 Goal definition is the entry stage to planning and organizing a life cycle analysis. It is where 

the project team sets the goals and objectives of the project. Our project team started by 

researching and reviewing literature related to Ontario forestry, pellet production and pellet 

combustion for electricity generation. We then defined the primary objectives of the study 

which is to answer the following questions: 

- What are the life cycle GHG emissions of using wood pellets to produce electricity at 

OPGôs Atikokan, Lambton, Nanticoke and Thunder Bay generating stations? 

- Will using biomass pellets be a net GHG benefit? 

                                                 
26

 Government of Ontario. ñState of Ontarioôs Forests 2006ò available 

online:http://www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/STEL02_179267.html  
27

 ISO, "Environmental Management - Life Cycle Assessment - Principles and Framework," in ISO 14040:2006(E), 

ed. ISO (2006). 
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 Scoping is where the boundaries of the life cycle analysis are defined. When defining the 

boundary a number of factors were considered including the basis of comparison (or 

functional unit), the activities of pellet plant production that would be included or excluded 

and how environmental impacts would be determined and allocated. These points are 

discussed in more detail as follows: 

- Functional unit  ïA functional unit for a typical LCA would be set at a unit of production 

or consumption (e.g. 1 widget produced or 1L of diesel consumed). This study analyzes 

OPGôs total estimated pellet demand and the functional unit has therefore been set at two 

million ODT pellets in scenario 3. The functional unit for scenario 4 is the maximum 

harvest level allowable in Ontario. 

- System boundary ï Boundary selection is the process of determining which activities 

should be quantified as part of the life cycle. See Appendix E for further information. 

- Allocation procedures ï Allocation has not been performed in this study. 

- Indicators assessed ï GHG emissions
28

 are the focus of this study to determine the 

carbon balance of using Ontario forest-derived biomass for electricity generation. 

 Inventory assessment involves the collection of data sources and quantification into life 

cycle stages. We first reviewed existing studies performed for OPG by Zhang
29

 and 

Norbridge
30

 and then incorporated additional information sources with guidance from the 

Technical Advisory Committee. See Appendix E for a list of data sources. 

 Impact assessment evaluates whether the environmental impacts that occurred as a result 

from the project are significant in a broader context. In this study, impact assessment is only 

performed for GHGs and socio-economic indicators and this report, in its entirety, is the 

evaluation of impacts. 

 Report writing includes the communication of the above steps in a comprehensive and 

transparent report. This report follows ISO reporting requirements to the extent possible. 

3.3.4 Forest carbon accounting framework  

3.3.4.1 Measuring forest carbon stocks 

In surveying the literature for this report, we identified an abundance of research on the area of 

forest carbon sequestration. In fact, one study found that in 2007 there were over 100 papers 

related to forest or forest products carbon sequestration, 80% of which were published since 

2000.
31

 This report builds on this past research by including inventories of biomass resources for 

                                                 
28

 CO2equivalent, which includes CO2, CH4 and N2O,using a Global Warming Potential (GWP) of 1 for CO2, 21 for 

CH4 and 310 for N20 
29

 Zhang et al. 2010. Supporting Information for Life Cycle Emissions and Cost of Producing Electricity from Coal, 

Natural Gas and Wood Pellets in Ontario, Canada 
30

 Norbridge. 2010. Biomass Logistics Study Phase II Final Report. 
31

 Henniagr, Chris et al. A novel approach to optimize management strategies for carbon stored in both forests and 

wood products. Forest Ecology and Management. Vol. 256 (2008): 786-797.  



Modelling framework 

The Pembina Institute 24 Biomass Sustainability Analysis  

electricity generation and estimating the corresponding life cycle GHG emissions and costs 

associated with using the biomass from the forest to the generating station.
32

 

Accounting for forest carbon pools in the forest and in the biomass supply chain is crucial to 

testing the carbon neutrality assumption of biomass combustion for electricity generation.  

To assign forest carbon values to forest stands in the PIAM, forest carbon estimation parameters 

were used from the Canadian Forest Service (CFS) Carbon Budget Model (CBM-CFS3). The 

CBM-CFS3 is a forest ecosystems dynamics simulation model developed by the CFS for use by 

forest managers and analysts to estimate and track forest carbon as it shifts among the forest 

carbon pools.
33

  

The CBM-CFS3 was used to convert stand projections of hardwood and softwood species 

merchantable volume (m
3
/ha) into carbon (C) stored in living biomass (stem wood, foliage, 

stumps, branches, bark, coarse and fine roots) and dead organic matter pools (leaf litter, forest 

floor and soil detritus, standing snags and branches, coarse woody debris, and soil organic 

matter). See Table 7 for more detail on forest carbon pools used in this analysis. 

In CBM-CFS3, living biomass is estimated using merchantable volume to aboveground biomass 

expansion parameters calibrated for the Ontario forest regions from the national forest inventory 

dataset.  

Table 7. Forest carbon pools included in this analysis
34

 

Carbon Pool  Carbon sources 

Living Biomass 
35

 Tree stem, stumps and bark 

Foliage, branches, tops and roots 

Dead Organic Matter
36

 Snags and dead trees 

Soil organic matter 

Coarse woody debris 

Leaf litter 

Mineral soil  

Dead roots 

Fine roots 

Product Pool Carbon  Combustion of wood pellets 

                                                 
32

 It should be noted combustion emissions from the burning of wood pellets in the generating stations are not 

included in the life cycle accounting framework as the carbon emissions associated with releasing the carbon in the 

wood volume is discounted from the total forest carbon inventory, at the time of harvest.  
33

 Kurz et al., ñRisk of natural disturbances makes future contribution of Canadaôs forests to the global carbon cycle 

highly uncertain,ò Proceedings of the National Academy of Sciences 5 (2008): 1551-5 
34

 Kull et al. ñOperational-Scale Carbon Budget Model of the Canadian Forest Sector (CBM-CFS3) Version 1.0: 

Userôs Guideò Canadian Forest Service, Northern Forestry Centre, Edmonton, AB (2007). Pgs.347. 
35

 The living biomass or Above Ground Biomass Carbon pool represents 32% and 33% of the carbon in the Boreal 

and GLSL forest regions in the Provincial Impact Assessment Model, in the absence of harvesting.  
36

 The Dead Organic Matter Carbon pool presents 68% and 67% of the carbon in the Boreal and GLSL forest 

regions in the Provincial Impact Assessment Model, in the absence of harvesting. 
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Decaying carbon in:  

dimensional lumber for construction  

pulp and paper  

landfills  

other lumber 

The model inputs include industry standard growth and yield information to simulate forest 

carbon stocks under various disturbance and forest management scenarios for each growth and 

yield strata. 

Carbon wood product pools were estimated separately from the CBM-CFS3 through direct 

conversion of merchantable timber harvest to the volume of carbon delivered to mills.
37

 The 

volume of merchantable timber destined for mills was determined by using existing wood 

utilization statistics gathered by OMNR.  

To estimate the balance of carbon remaining in wood products product carbon decay curves were 

defined for three harvested products (softwood sawlogs, hardwood sawlogs, and pulpwood logs), 

which were then converted into three wood product pools, namely construction lumber, other 

lumber (flooring, particle board, panels, etc.), and paper
38

. The expected carbon lost from mill 

processing or released from product aging is transferred immediately to the atmosphere (assumed 

to be burned for fuel or waste), recycled, and/or deposited in landfills.
39

  

To conduct the comparison between the biomass pathway and the NGCC pathway an Inventory/ 

Periodic accounting framework is used
40

 to calculate and compare the change in carbon dioxide 

the atmosphere experiences. In this framework changes in the total forest carbon as well as GHG 

emissions from the combustion of fossil fuels are accounted for to make an accurate comparison. 

When a forest's total carbon increases it is removing carbon from the atmosphere and converting 

it into a solid form of biomass. When a forestôs total carbon decreases over a given time period 

the solid carbon is being added to the atmosphere in the form of gaseous carbon dioxide 

equivalents. Such a reduction in total carbon occurs in the first time period of the pellet scenario 

when an initial withdrawal is made from the biomass stock. This is often referred to as the 

"carbon debt". Carbon debt represents a decrease in total carbon stored between the BAU and the 

biomass scenario. Following the initial withdrawal each scenario experiences its own periodic 

change in total forest carbon.  

 
 

                                                 
37

 Hennigar et al. ñ A novel approach to optimize management strategies for carbon stored in both forests and wood 

productsò Forest Ecology and Management Vol. 256 (2008): 786-797.  
38

 Apps et al. ñCarbon budget of the Canadian forest product sector.ò Environ. Sci. Pol. Vol. 2 (1999): 25ï41. 

39
 50% of the carbon in landfills is expected to degrade at a rate of 1% in equal proportions of CO2 and CH4. For 

more information, see: NCASI, 2007. ñThe greenhouse gas and carbon profile of the Canadian forest products 

industry.ò National Council for Air and Stream Improvement, Inc. Research Triangle Park, NC Special Report No. 

07-09 

40
 Charlene Watson. ñForest Carbon Accounting: Overview & Principlesò Report prepared for the United Nations 

Development Program (UNDP) (2010), available online: http://www.undp.org/climatechange/carbon-

finance/Docs/Forest%20Carbon%20Accounting%20-%20Overview%20&%20Principles.pdf 
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3.3.5 Costs and revenue estimations 

To understand the size and distribution of the economic impacts using biomass is likely to have 

on the province and the communities adjacent to the forest resource, a project costing and 

revenue estimation was conducted based on the activities depicted in the activity map (Figure 6).  

Generally, studies that estimate the GHG emissions associated with particular forest harvesting, 

transportation, pellet production and combustion activities also estimate the economic costs for 

these activities.
41

 As such, a number of the same literature sources used to assign factors for 

GHG emission accounting were also used to assign estimates of cost for each of the activities 

expected to be undertaken in the biomass supply chain.  

The cost information was used in this analysis to estimate the total and per unit costs of 

supplying wood pellets to the generating stations, and to provide a basis to make projections 

around economic output, labour force demand and contributions to GDP.
42

 The labour force 

information, which is an output of the economic costing component of the project, is used as an 

input into the social well-being model. Further discussion of these linkages are found in the 

following section. 

The costing of the biomass supply chain was conducted by multiplying a set of activity-based per 

unit costs ($CAD/m
3
) to volumes of wood harvested as it moved proportionally along the 

biomass co-firing supply chain (stump to flue stack). The range of costs applied to the model 

were gathered from peer-reviewed academic studies and government commissioned consultant-

reports.
43

 One area of costing that requires mention is the estimation of transportation costs, 

which influenced the placement of the pellet manufacturing facilities referenced in Figure 2.  

The transportation costs used in this analysis were estimated using three key sources of data:  

 Information from the PIAM regarding which forest management units produce the 

highest volumes of forest biomass.  

 A pellet transportation logistics study commissioned by OPG that evaluated the range of 

routes available in the province to transport wood pellets from pellet plants to the 

generating stations.
44

 

The information from these sources was used to place the pellet plants in a least-cost manner. 

We then referenced the location of the wood pellet plants with existing mill facilities in the 

                                                 
41

 Zhang et al, Rajvic et al, McKechnie et al. 
42

 See Appendix F for more information 
43

 Deloitte and Touche. ñWood pellet plant cost study for the forests of North Eastern Ontario- cash flow modelsò 

August 26th, 2008; KPMG. ñWood pellet plant cost for Algoma and Martel Forests in the Western Portion of the 

Great Lakes St. Lawrence Forestò September 23rd, 2008. 
44

 Included in the transportation logistics study was an optimization-based analysis of costs for transporting wood 

pellets to generating stations using a similar geographically placed and production scaled pellet manufacturing 

facility. The modelling analysis included truck, rail and ship. 
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province and the result was alignment between the wood pellet plants existing mill facilities in 

the province.
45

  

3.3.6  Social well-being modelling  

One key piece of information that is critical for OPGôs decision-making related to using biomass 

in existing generation stations is the impact of the biomass supply-chain activities on 

communities that rely on the forest resource for their livelihood (i.e., forest-dependent 

communities). To assess the potential impacts that using forest-based biomass is likely to have 

on forest-dependent communities, we have developed a social well-being modelling framework 

to estimate a suite of socio-economic indicators that contribute to a communityôs well-being. It 

should be noted that there are a wide variety of quantitative and qualitative approaches to 

assessing well-being for communities. The approach adopted here was chosen for the following 

reasons: 

 It enables a direct link with the biophysical forest and carbon modelling as these 

variables change with changing assumptions about forest harvesting and biomass use, 

through labour force. 

 It enables the measurement of a broad suite of meaningful indicators that are of 

importance to socio-economic sustainability. 

 It involves a quantitative analysis that has been tested and validated in previous studies 

and therefore data sources are available.
46

 

The past research on forest dependence and socio-economic outcomes of community well-being 

states undesirable outcomes for communities that increasingly rely on forests for their 

livelihood.
47,48

 While generally negative outcomes are shown with increasing forest dependence, 

there appears to be variation, trending towards positives outcomes, for specific sectors of the 

forest economy. For example, pulp and paper and lumber manufacturing have been shown to 

produce positive outcomes in some regions of Canada for social outcomes like median family 

income and unemployment. This suggests that the structure and focus of forest sectors is likely to 

influence social outcomes.  

To examine the impact of the biomass sector on social outcomes we developed a series of non-

linear regression models using 2006 Statistics Canada Census Sub-Division (CSD) data for 

CSDs located in Ontario.
49

 The initial CSD data set was reduced by removing CSDs that were 

                                                 
45

 Feedback from the project Technical Advisory Committee indicated that this position was favourable for 

clustering focused forest industry strategy.  
46

 An analysis similar to the one employed in this study is conducted on a five-year basis by OMNR for Ontarioôs 

State of the Forest Report. Available at: http://www.mnr.gov.on.ca/en/Business/Forests/Publication/196959.html 
47

 The negative social outcomes associated with forest dependence has been shown to vary by indicator and by 

region. Most consistently, forest dependence has been shown to be negatively correlated with education attainment, 

family poverty and unemployment.  
48

 Stedman et al. ñForest dependence and community well-being in rural Canada: variation by forest sector and 

region.ò Canadian Journal of Forest Research Vol. 35 (2005): 215-220.  
49

 Statistics Canada. 2006 Census of Canada. Statistics Canada, Ottawa ON.  
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within metropolitan areas (e.g., Toronto, Hamilton, Ottawa) and those where the data was 

compressed due to the small sample size.  

Using the refined CSD data set we then needed to isolate those communities which are forest 

dependent. Defining forest dependence is a process fraught with competing definitions
50

 and 

approaches to determining whether a community is forest dependent.
51,52

 How we define forest 

dependence will have implications for how the model will capture the impacts of different 

biomass supply scenarios. 

On definitions, there are a number of competing ideas about how to measure the degree of forest 

dependence. For the purposes of remaining consistent with existing approaches we opted to use 

the proportional approach.
53

 In this approach, forest dependence is defined as proportion of total 

employment (or income) in the forest industry in a given CSD relative to the total employment 

(income) within the CSD. The area of uncertainty in different approaches lies in the proportion 

of employment in the forest sector used as a cut-off to define forest dependence. This measure of 

forest dependence is problematic for Aboriginal communities within the commercial forest zone 

because of their high levels of unemployment. Even though these communities are highly 

dependent on forests for food, culture and livelihoods, because of their historical low 

participation in formal employment in the forest sector, our chosen method of using proportional 

employment will not adequately capture Aboriginal communities' forest dependence. 

Three definitions were considered for estimating forest dependence. These are summarized in 

Table 8.  

Table 8. Sensitivity analysis on the definition of forest dependence  

Definition  Description Number of CSDs 

Total (non-metropolitan 
CSDs) 

This data set was constructed by removing 
all metropolitan CSDs and those where data 
is compressed due to the sample size.  

343 

Moderately forest-dependent  

This data set was constructed by defining 
forest dependence as those CSDs where 5% 
or more of employment is generated by the 
forest sector.  

80 

Highly forest-dependent 

This data set was constructed by defining 
forest dependence as those CSDs where 
10% or more of employment is generated by 
the forest sector.  

44 

                                                 
50

 By definition, forest dependence refers to how reliant communities are on the forest sector for employment and 

therefore social outcomes.  
51

 Stedman et al. ñMeasuring community forest-sector dependence: Does method matter?ò Society and Natural 

Resources Vol. 20 (2007): 629-646.  
52

 Ibid.  
53

 For a discussion on the pros and cons associated with each of the approaches to assessing forest dependence see: 

Stedman et al (2007). 
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Definitions are important and choosing the right approach will have implications for how the 

model results should be interpreted. For this reason it is worth taking a moment to evaluate each 

of three definitions of forest dependence.  

 Total (non-metropolitan CSDs): By including all non-metropolitan CSDs, the analysis 

would capture the full distribution of communities that may be impacted by a new 

biomass sector, therefore capturing changes in social outcomes as communities become 

more forest-dependent. However, the results would be interpreted at the provincial 

level, which will make it difficult to discern the changes in social outcomes that are 

likely to occur, as the total employment generated by biomass co-firing is small relative 

to the total labour force in the province.  

 Moderately forest-dependent: By using a 5% or greater labour force cut-off to define 

forest dependence, it is expected that many of the communities that are likely to be 

impacted will be captured in this analysis. As well, the total number of observations (80 

CSDs) is sufficiently small that the annual changes in social outcomes should be 

detected. However, it should be noted that a 5% cut-off of forest dependence is arbitrary 

and based on subjective judgment of the analysts. Indeed, given the smaller number of 

observations, there is a risk that some indicators may be found to not be statistically 

significant to labour force changes.  

 Highly forest-dependent: By using a 10% or greater labour force cut-off to define 

forest dependence, it is expected that a few of the communities that are likely to be 

impacted will not be captured in the this analysis. However, those communities that are 

most likely to be impacted will be captured. As well, the distribution of the 44 CSDôs is 

predominantly in the Boreal forest region giving a regional perspective to the socio-

economic impacts. However, given the smaller number of observations there is a risk 

that some indicators may be found to not be statistically significant to labour force 

changes. 

To explore the implications of forest dependency definitions we conducted a sensitivity analysis 

of how defining forest dependence impacts the socio-economic indicators. The results of the 

sensitivity analysis indicate no major variation in the social outcome variables as forest 

dependency increases for all scenarios. This result is expected as the total labour force 

contribution of the biomass scenarios were provincial in scope and therefore not concentrated in 

any one region of the province, creating a systematic increase or decrease in the labour force or 

resulting social outcomes measured.  

We selected the moderate forest-dependent definition for the purpose of providing results from 

the social well-being modelling. This definitions incorporates the 5% labour force cut-off. Table 

9 presents the descriptive statistics for the social well-being model used for this study. 

Table 9. Descriptive statistics of the social well-being model (using 5% labour force cut off) 

Socio-economic Indicators Min. Max. Median 

Population, 2006 - 100% data 228 8,509 1,867 

Dependent on Forest Sector % 9.2 79.3 32.7 

Type of MIZ area* 4 7 5.72 

Median individual income $ $11,568 $39,947 $23,961 
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Median family income $ $27,361 $105,127 $64,509 

Prevalence of low income families after tax 
in 2005 % 

0 17 4 

Unemployment rate (Total Pop 15 +) 0 30 11.88 

Proportion of total pop 24-65 with 
university certificate or degree 

0 0.21 0.0869 

Proportion of total pop 24-65 with 
apprenticeship, trade certificate or diploma 

0.08 0.38 0.1582 

Proportion of migrants within the past 5 
years 

0.03 0.40 0.1435 

 Average value of dwelling $ $42,326 $236,870 $121,336 

Proportion of total population with 
aboriginal identity 

0.00 1.00 0.2285 

* MIZ refers to Metropolitan Influence Zone and is scaled from 1 (metro) to 7 (remote). MIZ 1 to 3 were 
excluded from this dataset. 
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4. Sustainability analysis 
results: Environmental 
indicators 

The following two chapters present the results of the four scenarios examined for the 

sustainability analysis. In this chapter we have presented a summary of the salient trends for 

forest carbon stored, biomass inventories and harvest volumes, GHG emissions for the biomass 

pathway and a comparison between the biomass pathway and the natural gas combined cycle 

(NGCC) pathway. The focus of the analysis is the time period 2015 to 2115, which was of 

eminent importance to OPG. The models used in this analysis have data sets with differing base 

years: the PIAM has a base year of 2010, while the social well-being model has a base year of 

2006. The modelling results are presented reflect the time periods of the models; however the 

summary and discussion of results is focused on the 2015ï2115 time frame. 

An analysis of this scope generates an enormous amount of data, which can overwhelm the 

reader. This section seeks to highlight the trends in the data and not to provide an exhaustive 

summary of the data produced from the forest, GHG and economic modelling. Appendix G 

provides detailed results from the sustainability analysis for those wishing to explore the 

modelling results in more detail. Throughout the course of explaining the trends in the figures 

presented below, many of the figures in Appendix G will be referenced.  

4.1 Total carbon stored in Crown land forests  

The results of the sustainability analysis indicate positive trends in forest carbon stored for all 

four scenarios. In fact, none of the scenarios explored resulted in a systematic decline in forest 

carbon, as defined in the UNFCCC definition of renewable biomass (Section 1.2).  

Figure 7 presents the results for carbon stored for all four scenarios explored in this analysis.  

The No Harvest (NH) scenario resulted in the largest increase in carbon (C) over the planning 

horizon (Figure 7). The resulting difference between the No Harvest scenario and the other three 

scenarios can be accounted for by the removal of forest carbon, which accumulates over time in 

the forest in a cyclical pattern through forest growth and renewal. With the introduction of 

harvesting (BAU, BAU + 2M ODT and MSH), the removal of forest carbon in the above ground 

biomass carbon pools (includes live vegetation) results in a decline in carbon relative to the NH 

scenario.
54

 Figures 22 to 24 (Appendix G) demonstrate the change in the two main carbon pools 

for the Boreal and GLSL forest regions for the NH scenario.  

                                                 
54

 Figure 21 to Figure 23 in Appendix G demonstrate the change in the two main carbon pools 
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The trends in forest carbon stored for the BAU, BAU + 2M ODT and MSH scenarios reflect the 

scenariosô constraint to maintain forest carbon at a minimum of the level resulting from the BAU 

scenario.  

 

Figure 7. Total carbon stored in Ontarioôs Crown land forests for all four scenarios 

NOTE: Due to the scale, it is difficult to see in Figure 7, that the BAU + 2M ODT and MSH 

scenarios are in fact separate, that is they do not overlap with the BAU, but they do have very 

similar profiles to the BAU scenario. This is driven by the requirement that forest carbon cannot 

systematically decline relative to the BAU scenario. Table 10 below summarizes the actual 

differences between the scenarios.



 

The Pembina Institute 33 Biomass Sustainability Analysis 

Table 10. Drop in total carbon stored from BAU to BAU + 2M ODT scenario and from BAU to MSH scenario 

 2010 -

2020 

2020 - 

2030 

2030 - 

2040  

2040 ï 

2050 

2050 ï 

2060 

2060 ï 

2070 

2070 ï 

2080 

2080 ï 

2090 

2090 ï 

2100 

2100 - 

2110 

Difference in 

total forest 

carbon from 

BAU to BAU + 

2M ODT (tonnes 

of carbon) 

1,403,627 1,476,544 1,335,351 1,089,292 825,484 1,206,773 1,203,921 1,442,438 1,302,878 1,562,326 

Difference in 

total forest 

carbon from 

BAU to MSH 

(tonnes of 

carbon) 

1,403,709 1,476,885 1,335,432 1,089,164 825,727 1,206,806 1,204,496 1,442,977 1,302,953 1,562,489 
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It is possible to increase the MSH harvest rate such that overall carbon stored in the forest 

remains constant (i.e. a flat line in Figure 7), but this would be a significant reduction from the 

growth in total forest carbon that is experienced in the BAU scenario.  

As Figure 7 shows, the total forest carbon stored in the Ontario Crown land forests for the BAU 

and BAU + 2M ODT scenario increases over time from an initial level of 4,600 MT in 2010 to 

4,800 MT in 2110. Of the total forest carbon, 70% is stored in the Boreal forest region (Figure 

25).  

It is important to note in Figure 7 that while the volume of forest carbon under the NH scenario 

is greater, it does represent a more volatile (the forest shifting from sink to source and back 

again) trend in carbon stored. It should be emphasized that the NH scenario serves a comparison 

to the other scenarios to show the full spectrum of the forest carbon dynamics on Crown Land 

forests.  Figure 23 presents the periodic change in carbon under the NH scenario, which 

demonstrates the cyclical nature of forest succession. As the Crown land forest shifts to a more 

managed forest, the volatility in the forest carbon subsides. Figure 32 shows a comparison of the 

periodic change in forest carbon stored between the NH and BAU scenarios. The trend in 

periodic carbon change seen in the BAU scenario also holds for the BAU + 2 M ODT and MSH 

scenarios, as shown in Figure 41 and Figure 56. 

The results show that despite the removal of additional volumes of forest carbon in the case of 

BAU + 2M ODT and MSH, all scenarios perform similarly in terms of total forest carbon stored. 

This result leads to one of the key findings of this analysis, which is that biomass harvesting can 

be undertaken without negatively impacting forest carbon. Essentially, the biomass removed 

does not significantly impact the growth curves of the forest. 

A contributing factor to why this trend exists is the assumption built into this analysis that the 

current practice on Crown land forests in the Boreal, where the majority of the forest carbon is 

located, is to pile up and burn road-side slash (i.e., forest residues).
 55

 In the biomass harvesting 

scenarios, it is this forest residue that is collected, transported and pelletized to make wood 

pellets for the generating stations. Therefore, the net change in forest carbon stored is the same 

under the BAU scenario as the two biomass harvesting scenarios (BAU + 2 M ODT and MSH). 

This point will be elaborated on further in Section 4.4, which compares the biomass pathway to 

the baseline natural gas pathway.  

4.2 Total biomass tonnage available and harvested 

For the first biomass harvesting scenario (BAU + 2M ODT), the modelling results indicate that 

at existing harvest levels on the Crown land base (Figure 4), wood pellet supplies of 2.3 M 

ODT
56

 can be met with additional inventory available to increase the wood pellet supply to a 

long-run sustainable supply of 2.9 million ODT. Figure 8 depicts the total inventory of biomass 

tonnage available, measured in ODT, and the tonnage harvested for the BAU + 2 M ODT and 

MSH scenarios. 

                                                 
55

 Peter Henry, Ontario Ministry of Natural Resources, personal communications, January 6th, 2011. 
56

 2.3 million ODT is required to meet the BAU + 2 M ODT scenario objective of supplying 2 million ODTs of 

wood pellets to the generation stations.  
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Figure 8. Total tonnage (M ODT/year) of biomass available and harvested for the BAU +2M ODT 
and MSH scenarios 

The results show that the biomass required for the 2 M ODT of pellets is well below the total 

available biomass. 

Under the BAU + 2 M ODT scenario, on average 85% of the biomass tonnage is supplied 

through the gathering of harvest residues. Of this residue, 73% is from the Boreal forest region 

(Figure 42) and 12% is from the GLSL region.  The remaining 15% of the biomass is from low-

grade
57

 timber from the Boreal forest.
58

  

Under the MSH scenario, the trends in biomass tonnage inventory and tonnage harvested are 

similar after the 2020 time period. As shown in Figure 8, under the MSH scenario there is 

initially a lower volume of biomass tonnage available in the 2010 period, mainly because any 

additional harvesting in the forest regions would result in a decrease in forest carbon stored. This 

is supported by the inventory of biomass in the GLSL, shown in Figure 61. However, in 2020 

there is a large amount of biomass tonnage available from clearcut harvesting operations in the 

Boreal forest region. After this initial volume is liquidated the total tonnage of biomass available 

                                                 
57

 It should be noted that the low-grade timber from the Boreal is expected to be available at road-side and no low-

grade specific harvesting takes place.  
58

 It is important to note that given the interest in low-grade timber volumes from the GLSL forest region, as 

expressed by the project Technical Advisory Committee, a sensitivity analysis was conducted to test the merits of 

using this resource type as a source of wood pellets. The results of the sensitivity analysis indicated that harvesting 

low-grade timber from the GLSL is not only more costly, but it also reduced the total forest carbon stored. This 

result supported a recent finding by researchers at the University of Toronto (see McKechnie et al 2010) who 

performed a similar analysis for the GLSL forest region. However, it should be pointed out that harvesting the low-

grade timber from the GLSL may have non-carbon environmental benefits and benefits for private landowners ð 

issues that are out of the scope of this analysis.  



Sustainability analysis results: Environmental indicators 

The Pembina Institute 36 Biomass Sustainability Analysis  

from Crown forests slowly declines to a long-run sustainable supply level of 2.9 million ODT. 

The slow decline in biomass tonnage available and harvested is due mainly to selection and 

shelterwood harvesting trends in the GLSL forest region, which do not supply a large volume of 

road-side slash on a per hectare basis, relative to clearcut harvesting. 

For more details on the inventory of biomass tonnage available under the BAU + 2 M ODT 

scenario, refer to Figure 42 through Figure 44. For more details on the actual harvest of biomass 

tonnage see Figure 45 through Figure 47 in Appendix G.  

4.3 Life cycle GHG emissions for the biomass pathway 

The life cycle GHG emissions for the biomass pathway were estimated based on the activity map 

shown in Figure 6. The results presented below capture the estimates of GHG emissions for the 

biomass pathway under the BAU + 2 M ODT and MSH scenarios.  

4.3.1 GHG emissions for the BAU + 2M ODT scenario 

To contextualize the magnitude and allocation of GHG emissions across the biomass pathway it 

is important to divide out the emissions by activity type. Figure 9 presents the breakdown of 

GHG emissions for the biomass pathway in the BAU + 2M ODT scenario. As shown in Figure 9, 

the major sources of GHG emissions are pellet production and transporting pellets from the 

pellet production plants to the generating stations.  

 

Figure 9. Proportion of GHG emissions by activity type for the BAU + 2 M ODT scenario  

It is important to note that 7% of the GHG emissions produced in the biomass pathway are 

derived from the conversion and handling activities at the generating stations. This relatively 

small volume of GHG emissions attributed to the generating stations is owed to the nature of the 

GHG accounting in this analysis. Because this is an area of debate, it is important to establish 

that for this analysis the CO2-related GHG emissions associated with the burning of wood 
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pellets are subtracted from the total forest carbon stored (at the time of harvest), rather 

than attributed to the generating station at the time of pellet combustion.  

Under the BAU + 2 M ODT scenario the total periodic GHG emissions average approximately 2 

megatonnes (MT) of CO2e (Figure 10). In the first period (2010) the upstream and biomass 

transport emissions are slightly higher than the remaining emissions for the time horizon, owing 

to the fact that in the first period there is an additional amount of clearcut harvesting in the GLSL 

forest region. As such, the biomass tonnage sourced to pellet plants is required to come from 

further away than the biomass sourced for the remaining periods in the time horizon.  

 

Figure 10. Total greenhouse gas emissions (CO2e/10 year period) for the BAU + 2 M ODT scenario  

Table 11 presents the annual breakdown of GHG emissions by biomass pathway activity type. 

As mentioned above, the main source of GHG emissions from the biomass pathway, besides the 

combustion-related emissions, are the emissions associated with pellet production and 

transporting pellets to the generating stations.  

Table 11. GHG emissions (CO2e/year) by biomass activity type for the BAU + 2 M ODT scenario 

Biomass Pathway Activity GHG emissions (kg CO2e / ODT) 

2010 2050 2110 

Fuel production 23.6 14.9 14.8 

Biomass harvest  5.1 4.6 4.7 

Biomass transport to pellet plants 11.7 10.0 9.5 

Pellet production  34.5 34.6 34.6 

Pellet transportation to GS  31.3 31.4 31.4 
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Generating station conversion and handling  8.1 8.1 8.1 

Total Annual GHG emissions (kg CO2e / ODT) 114.5 103.5 103.1 

4.3.2 GHG Emissions for the MSH Scenario 

The proportion of GHG emissions by activity type for the MSH scenario (Figure 11) are 

different than the BAU + 2 M ODT scenario. The difference in the proportion of emissions by 

activity type is driven by an increase in total GHG emissions associated with transporting 

biomass to pellet plants, which is 15% higher than the BAU + 2 M ODT scenario. The increase 

in GHG emissions associated with transporting biomass to pellet plants is due to the additional 

tonnage of pellets required for this scenario, which must be sourced from further afield, thereby 

establishing longer haul distances from the forest source to pellet plants. Figure 11 presents the 

proportional breakdown of GHG emissions by biomass pathway activity type for the MSH 

scenario.  

 

Figure 11. Proportion of GHG emissions by biomass activity type for the MSH scenario 

The main difference between the MSH and BAU + 2 M ODT scenarios in terms of total GHG 

emissions is related to the total tonnage of biomass being harvested, processed and transported. 

As such, the profile of GHG emissions for the MSH scenario follows the same trend as the total 

tonnage of biomass harvested (Figure 62).  



Sustainability analysis results: Environmental indicators 

The Pembina Institute 39 Biomass Sustainability Analysis  

 

Figure 12. Total greenhouse gas emissions (CO2e/10 year period) for the MSH scenario 

Table 12 presents the annual GHG emissions by activity type in the biomass pathway.  

Table 12. Annual GHG emissions by biomass activity type for the MSH scenario for the Boreal and 
GLSL forest regions 

 Biomass Pathway Activity GHG Emissions (kg CO2e / ODT) 

2010 2050 2110 

Upstream fuel production 19.6 23.6 21.1 

Biomass harvest  4.6 5.9 5.5 

Biomass transport to pellet plants 27.0 35.0 28.5 

Pellet production  34.9 45.9 41.0 

Pellet transportation  31.9 39.5 36.0 

Generating station conversion and handling 8.1 10.7 9.6 

Total Annual GHG emissions (kg CO2e / ODT) 126.3 160.8 141.9 

4.4 Biomass pathway versus natural gas pathway 

In this section the GHG emissions from the biomass pathway are compared to the natural gas 

combined cycle (NGCC) pathway.
59

 In making this comparison the GHG emissions associated 

with the NGCC pathway are estimated based on expected fuel consumption. The GHG emissions 

attributed to the biomass pathway include the life-cycle emissions to harvest, produce and 

                                                 
59

 For further information on the GHG estimations for the NGCC see: Zhang et al. 2010. Supporting Information for 

Life Cycle Emissions and Cost of Producing Electricity from Coal, Natural Gas and Wood Pellets in Ontario, 

Canada  
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transport the pellets as well as the difference in periodic change in total forest carbon (converted 

to CO2e).   

It should be noted that the quantification of GHG emissions associated with each scenario is 

limited to the scope of the work undertaken.  These calculations are meant to provide a first-level 

estimation of the relative GHG emissions to guide decision-making and would not necessarily be 

appropriate for any legal use such as regulatory compliance or offset calculations.   

Table 13 below summarizes the parameters used to calculate and compare scenarios. 

Table 13. Description of carbon account framework used to compare biomass and natural gas 
scenarios 

 Scenario 2 (BAU) 

vs 

Scenario 3 (BAU + 2M ODT) 

Description Natural gas GHG emissions to 
produce electricity equivalent to 
2MT/year of pellets minus the 
change in total forest carbon for 
time period N 

Life-cycle GHG emissions to harvest, 
produce and transport 2MT/year of 
pellets minus the change in total forest 
carbon for time period N 

Formula NGN ï deltaFC2N LCN ï deltaFC3N 

Graphing NGN LCN ï deltaFC3N + deltaFC2N 

  LCN + (deltaFC2N ï deltaFC3N) 

Notes: 

N = Time period. In this analysis, each time period is 10 years. 

NGN = Natural gas emissions for period N. 

LCN = Life cycle emissions for pellet production and transportation for period N. 

deltaFC2N = The change in total forest carbon for Scenario 2 (BAU) in period N which is calculated as 

the difference in total carbon at the end of the period versus the total carbon at the beginning of the period 

and converted to CO2e. When the total forest carbon increases over time (i.e. growth in total forest 

biomass), that is, the delta is positive, carbon is being removed from the atmosphere and therefore is 

subtracted from the fossil fuel emissions related to the system. 

deltaFC3N = The change in total forest carbon for scenario 3 (BAU+2M) in period N.  

4.4.1 BAU + 2M ODT scenario 

To construct the comparison between the biomass and NGCC pathway two key assumptions 

were made:  

 3.4 million MWh of electricity was expected to be produced from the 2.0 M ODT of 

wood pellets.
60

  

 609 million m
3
 of natural gas is consumed per year to produce the 3.4 million MWh of 

electricity. 

As presented in Figure 13, the results show that the NGCC pathway produce 13.4 MT CO2e for 

each 10-year period. The biomass pathway in the first time period (2010-2020) has a relatively 

high emission rate due to the initial reduction in total forest carbon. Following this first period, 

                                                 
60

 The amount of electricity generation from 2.0 M ODT was calculated using energy content of wood pellets and 

combustion efficiency of each generation station. 
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the periodic GHG emissions level out. On average over the 100 years of analysis, the biomass 

pathway produces 2.6 MT CO2e for each 10-year period. The two key observations that can be 

drawn from this figure are: (i) for every time period the biomass pathway produces less GHG 

emission than the NGCC pathway; and (ii) the biomass pathway results in a source of GHG 

emissions due to fossil fuels consumed in the production and transportation of pellets and the 

change in total forest carbon.  

 

Figure 13. Comparison of GHG emissions produced for the biomass and NGCC pathways for the 
BAU + 2 M ODT scenario.  

Figure 14 presents the 100-year cumulative GHG emissions for the biomass and NGCC 

pathways. This figure demonstrates that the biomass pathway is expected to lead to a total of 

106.0 MT of GHG emission reductions, relative to the NGCC pathway over the 100 years 

modeled.  
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Figure 14. Cumulative GHG emissions for the biomass and NGCC pathways for the BAU + 2M ODT 
scenario  

4.4.2 MSH scenario 

The primary purpose of running the MSH scenario is to explore the upper limit of pellet 

production without systematically reducing the growth in total forest carbon compared to the 

BAU scenario. This ñpellet maximizationò scenario is unlikely from a business perspective due 

to the fluctuations in pellet production levels over the course of the 100 years. However, for 

illustrative purposes it is interesting to consider what the net GHG emission benefit could be if 

pellet production were maximized. 

Figure 15 presents the results for the comparison between the biomass and NGCC pathways. In 

this scenario the results follow a similar trend to those of the BAU + 2 M ODT scenario. The 

NGCC pathway emissions change over time due to a non-constant production level of pellets. 
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Figure 15. Comparison of GHG emissions produced for the biomass and NGCC pathways for the 
MSH scenario 

Figure 16 presents the 100-year cumulative GHG emissions for the biomass and NGCC 

pathways for the MSH scenario. This figure demonstrates that the biomass pathway is expected 

to lead to a total of 173.6 MT of GHG emission reductions, relative to the NGCC pathway over 

the 100 years modeled.  
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Figure 16. Cumulative GHG emissions of the biomass and NGCC pathways for the MSH scenario 
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5. Sustainability analysis 
results: Social well-
being indicators 

In this chapter we present the social well-being results for the biomass sustainability analysis. As 

described in Section 3.3.6, the social well-being analysis is conducted for 2015 to 2030. As well, 

the analysis is focused on the incremental changes to social well-being indicators as a result of 

introducing the biomass sector.
61

  

5.1 Social well-being impacts ð BAU + 2 M ODT Scenario 

5.1.1 Maintain or enhance socio-economic well-being 

One of the key indicators to maintain or enhance community social well-being, as discussed in a 

previous report for OPG,
62

 is the introduction of new labour demand, which translates into full-

time employment. Table 14 presents the additional full-time labour force required to facilitate the 

generation of electricity from the biomass resource for the BAU + 2M ODT scenario.  

Table 14. Labour force (LF) contribution for the BAU + 2M ODT scenario  

Sector  2015 2030 Annual  Average 
LF Contribution 

Logging  857 799 828 

Transportation 482 482 482 

Manufacturing 1,949 1,949 1,949 

Electricity Generation 309 309 309 

Total Annual LF Contribution  3,598 3,539 3,569 

The main contributions to labour force are generated in the pellet manufacturing sector, followed 

by the logging sector.  

                                                 
61

 As a point of clarity from herein the all-encompassing biomass supply-chain (logging, trucking, pellet production, 

shipping and handling of wood pellets) will be referred to as the biomass sector.  
62

 Ontario Power Generation, Literature Review ï Sustainability Analysis of Electricity Generation from Renewable 

Biomass, prepared by the Pembina Institute (2010). 
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In general the additional labour force generated from biomass sector is small relative to other 

sectors in the Ontario economy,
63

 but it is where these new jobs are created that is important. 

Many of the jobs created from a biomass sector will be in the pellet manufacturing area of the 

supply chain. As can be seen from Figure 2 many of the proposed pellet plant locations represent 

smaller communities. For example, the town of Hearst, which had a population of 5,620 people 

in 2006,
64

 would expect to see approximately 114 new jobs in the biomass sector from 

manufacturing alone. As demonstrated in Table 15, although the introduction of the biomass 

sector at the scale of 2M ODT will not increase overall well-being for all the residents in the 

impacted communities, it will have some localized economic impacts that will contribute to 

positive community economic development.  

As indicated above, the additional labour force demand created in the biomass sector would be 

distributed across the province as the wood pellets move through the biomass supply chain from 

stump to generating station. As such, the analysis examined the impacts of the biomass sector at 

the census sub-division (CSD) level (see Section 3.3.6 for more details) and so the approach 

taken here in analyzing broader social well-being indicators is focused on how, overall, a set of 

CSDs perform for a suite of statistically significant social outcomes. Table 15 presents the results 

of the analysis of social outcome variables for the BAU + 2 M ODT scenario using the set of 

CSDs in the province where the forest sector represents 5% or more of the total labour force.  

Table 15. Social well-being results for the BAU + 2 M ODT scenario  

Social Outcome Variable 2006 2015 2026 2030 

Median Income ($/year) $20,921 $23,062 $23,878 $23,878 

Median Family Income ($/year) $62,930 $66,576 $67,976 $67,976 

Unemployment (%) 5.3 5.7 5.8 5.8 

University Attainment (%) 17.0 16.8 16.8 16.8 

Diploma Attainment (%) 11.0 11.0 10.9 10.9 

Out-Migration (%) 16.1 15.3 15.0 15.0 

Average Dwelling value ($) $126,917 $124,915 $124,179 $124,179 

Note: in census subdivisions with a minimum of 5% labour force dependence on the forest sector (n= 80 
CSDs)

65
 

Table 15 can be interpreted in a few ways. First, one clear observation is that the scale of the 

biomass sector, as depicted in the BAU + 2 M ODT scenario, is not sufficient to increase median 

incomes, median family incomes, or the average value of a dwelling in the forest-dependent 

CSDs. The size of the sector depicted in this scenario is not expected to have major impacts on 
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 For example, in 2009 there were 21 thousand people employed the forestry and logging sector.  
64

 Statistics Canada. 2006 Community Profile. Available online: http://www12.statcan.gc.ca/census-

recensement/2006/dp-pd/prof/92-

591/details/page.cfm?Lang=E&Geo1=CSD&Code1=3556076&Geo2=PR&Code2=35&Data=Count&SearchText=h

earst&SearchType=Begins&SearchPR=01&B1=All&Custom=  
65

 Due to data compression issues the social well-being variable for low-income family was found to be 

insignificant.  
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university and diploma attainment. While modest, the results do indicate that out-migration is 

likely to decrease, as people build relationships and stay in the forest-dependent communities. In 

terms of unemployment we can see that the biomass sector is in fact resulting in an increase in 

unemployment. The rationale for this is not immediately obvious. However, one logical 

explanation lies with the underlying data set used for this analysis, the 2006 census data. The 

CSD data is populated from (what is now the former) long-form census survey. As such, the data 

captures trends in the time period that the survey is administered (2005 for a 2006 census year). 

At this time the forest sector was shedding jobs as the tail of the re-structuring of the global 

forest industry took hold across most of North America and particularly in Canada.
66

 As such, 

the estimates provided in this analysis for social outcome variables depict a forest sector and 

forest-dependent communities that were suffering from their reliance on the forest industry. As 

such, the results for social outcome variables depicted in Table 15 and Table 18 are expected to 

be conservative.  

A second observation that can be drawn from the results in Table 15 is this: there is little change 

in the social outcome variables from the base year 2006 to the introduction of the biomass sector 

(2015) or at the end of the timeframe of analysis (2030). Without further inquiry into the 

underlying structure of the specific CSDs captured in this analysis, one observation that can be 

drawn is that the biomass sector is serving to sustain the trends in social outcome variables in the 

moderately forest-dependent communities. This observation is further supported by the results 

for the MSH scenario, which introduces an even larger biomass sector (Table 18). This 

observation provides support for the role of the biomass sector as a foundation to re-build a new, 

diversified and clustered forest industry and also to support forest-dependent communities as 

they broaden their economic base over time.  

Of course the second observation cannot be drawn from the quantitative data alone. Departing 

from this data and into the realm of qualitative discussions with the project Technical Advisory 

Committee and other interested parties throughout this project, what became apparent is that 

many of the CSDs that are moderately forest dependent are in fact in decline. For example, 

Hearst, mentioned above, had a population of 5,620 in 2006, down 3.5% from the 2001 

population (5,825 people). In communities like Hearst, declines in the forest sector have lead to 

declines in the local economy, which would benefit from increases in jobs and local economic 

activity. As the biomass sector begins to emerge in the province, there are examples where 

communities, some of these forest-dependent communities, are realizing the potential of a new 

biomass sector.
67
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 Labour force in Ontarioôs forest sector has declined by 12% since 2006 (Source Statistics Canada. Labour Force 

Survey, CANSIM Table 282-0088).  
67

 White Sand First Nation is one example of these types of communities, see pg. 7: 

http://www.whitesandfirstnation.com/index_htm_files/Whitesand%20-

%20Sagatay%20Newsletter%204th%20quarter%20-%202009%20web.pdf 
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5.1.2 Biomass production contributes to local and national prosperity 

5.1.2.1 Biomass sector contribution to GDP 

The contribution to GDP of the biomass sector in the BAU + 2 M ODT scenario is presented in 

Table 16 below. Of course, it is important to put these figures into perspective.  

In 2007, the most recent year of available data, the Forestry and Logging sector generated $3.5 

billion dollars;
68

 the Truck Transportation sector, $1.9 billion; Wood Product Manufacturing, 

$86.7 billion; Electricity Power Generation, Transmission and Distribution, $10.0 billion. 

As such, the biomass sector is not expected to become an economic driver for the province of 

Ontario but, as mentioned above, it may be effective at driving more local level economic 

activity in forest-dependent communities, where most of the Logging, Transportation and 

Manufacturing economic impacts will be felt.  

Table 16. Estimated GDP contribution ($ millions/year, discounted at 4%) from the biomass sector 
to Ontarioôs GDP for the BAU + 2 M ODT scenario  

Sector $ (millions) / year 

2015 2030 Total 

Logging  $167.1 $84.2 $1,910.2 

Transportation  $101.8 $56.5 $1,234.3 

Manufacturing  $288.7 $160.3 $3,499.6 

Electricity Generation  $181.7 $100.9 $2,202.5 

Total GDP Contribution $739.3 $401.9 $8,846.6 

5.2 Social well-being impacts ð MSH Scenario 

5.2.1 Maintain or enhance socio-economic well-being 

The observations for the social well-being impacts for the MSH scenario are similar to those of 

the BAU + 2 M ODT scenario. Of course, the MSH scenario demonstrates a much larger 

contribution to the labour force. Table 17 presents the labour force contribution results of the 

MSH scenario. 

Table 17. Labour force (LF) contribution (full-time equivalents) from the MSH scenario.  

Sector  2015 2030 Average Annual 
LF Contribution 

Logging  995 1,638 1,316 

Transportation 545 993 769 
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 Statistics Canada. Gross domestic product (GDP) at basic prices, by North American Industrial Classification 

System (NAICS)and province, annual dollars. Table 379-0025.  
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Manufacturing 1,968 3,584 2,776 

Electricity Generation 650 1,185 918 

Total Annual LF 
Contribution 

4,158 7,399 5,779 

The results of the MSH scenario for the social outcome variables, presented in Table 18, are 

similar to those shown in Table 15 for the BAU + 2 M ODT scenario. However, in the case of 

the MSH scenario a larger biomass sector provides more positive outcomes for the forest-

dependent communities in terms of median incomes, median family incomes and out-migration. 

Where a larger biomass sector does not provide more positive outcomes is unemployment, 

university attainment and the average value of a dwelling.  

Table 18. Social well-being results for the MSH scenario  

Social Outcome Variable 2006 2015 2026 2030 

Median Income ($/year) $20,921 $26,542 $24,894 $24,894 

Median Family Income $62,930 $72,532 $69,714 $69,714 

Unemployment (%) 5.3 6.2 6.0 6.0 

University Attainment (%) 17.0 16.5 16.6 16.6 

Diploma Attainment (%) 11.0 10.9 10.9 10.9 

Out-Migration (%) 16.1 14.1 14.3 14.4 

Average Dwelling value ($) $126,917 $125,015 $125,701 $125,701 

Note: in census subdivisions with a minimum of 5% labour force dependence on the forest sector (n= 80 
CSDs).

69
 

It should be noted that the trends in median income and median family income follow the 

trajectory of the biomass volume harvested (Figure 61) and therefore we can conclude that these 

social outcome variables are much more sensitive to production levels in the biomass sector, as 

forecasted in the MSH scenario. 

5.2.2 Biomass production contributes to local and national prosperity 

Table 19 presents the expected GDP contribution, by sector, from the MSH scenario. Relative to 

the BAU + 2 M ODT scenario (Table 16), the contribution to GDP from the MSH scenario is 

much larger owing to the increased harvest of biomass for pellet production. Similar to the 

discussion in Section 5.1.2.1 the relative scale of the biomass sector in this scenario is quite 

small relative to the contribution to GDP from these sectors at the provincial scale.  

Table 19. Estimated GHG contribution ($ millions/year, discounted at 4%) from the MSH scenario  

Sector  $ (millions) / year 

                                                 
69

 Due to data compression issues the social well-being variable for low-income family was found to be 

insignificant.  
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2015 2030 Total 

Logging  $183.3 $167.6 $2,592.5 

Transportation  $115.4 $64.1 $1,218.0 

Manufacturing  $292.1 $162.2 $3,082.5 

Electricity Generation  $382.9 $212.6 $4,040.5 

Total $973.7 $606.5 $10,933.5 
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6. Discussions and 
Recommendations  

6.1 Summary of key findings 

The results of this analysis contribute to the on-going discussions related to biomass 

sustainability specific to OPGôs interests in utilizing biomass for electricity generation. As well, 

given the focus of this analysis and its relevance to the business decisions of OPG and 

policymaking in this area for the Government of Ontario, it is important to highlight the most 

salient findings from this work. It should be noted that the results of this analysis are sensitive to 

the underlying assumptions made throughout the analysis. Further research and analysis is 

needed to confirm and test the sensitivity of the assumptions made.  

The following key findings are supported by this analysis:  

 Harvesting of forest biomass for electricity production can be done in such a way as to not 

systematically decrease forest carbon stores over time (Figure 7).  

 This analysis validated that the availability of renewable biomass for pellet production is 

directly tied to harvesting activities on Crown land. Further, the future supply of renewable 

biomass for pellet production is constrained by a total forest industry sustainable harvest 

level shown in the MSH scenario.  

 In Ontario, there is a sustainable long-term flow of 2.9M ODT at existing harvest rates in the 

Boreal and GLSL forest regions (Figure 44). Further, an additional but declining tonnage of 

biomass is available in the short term (2015 to 2060), at harvest rates of 20.1 Mm
3
/year 

(Figure 59).  

 There are a variety of biomass resource types available for pellet production in the province 

and these resource types have unique impacts on forest carbon, GHG emissions and costs. 

Based on sensitivity analysis performed in this study, the following sources of biomass are 

prioritized for costs and GHG impacts:  

1. Sawmill waste from existing mill facilities, when available. For this analysis the 

volume of sawmill waste produced was only sufficient to meet existing demands 

from pulp and paper plants.  

2. Forest residues from clearcut operations, particularly since these are burned in 

slash piles as part of BAU forestry practice. In this regard, the Boreal forest 

provides the largest tonnage of available forest residues from existing clearcut 

operations with an average flow of 1.8M ODT annually. The GLSL region 

provides a declining tonnage of forest residues over time due to the focus in this 

region on shelterwood and selection harvesting regimes.  
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3. Low-grade wood volumes from standing timber volumes are a large source of 

biomass tonnage in the GLSL with an average annual flow of 312,000 ODT 

(Figure 43).  

4. Salvage wood volumes from fires and other natural disturbances are expected to 

be available over time; however in reality these volumes will be unpredictable and 

costly to obtain.  

 The use of biomass for electricity generation at a level of 2M ODT / year produces an 

average net contribution of 0.26 MT CO2e/year (Figure 13). Therefore, under the 

assumptions laid out in the BAU + 2M ODT scenario, biomass for electricity generation is 

renewable, but on a life-cycle basis is a source of GHG emissions for the entire planning 

horizon.  

 Relative to the NGCC pathway, using biomass for electricity generation at a level of 2M 

ODT/year (BAU + 2 M ODT scenario) reduces emissions by a total of 106.0 MT CO2e over 

the 100-year planning horizon. This represents an 80% reduction in total greenhouse gas 

emissions compared to NGCC. 

 The social well-being impacts associated with introducing a biomass sector to the province 

(as per the BAU + 2 M ODT and MSH scenarios) is not expected to make a substantial 

impact on the social outcome variables examined, which included median income, median 

family income, unemployment, university and diploma attainment, out-migration and the 

average value of a dwelling (Table 15 and Table 18), although the impacts on Aboriginal 

communities could be more significant given their higher levels of unemployment, lower 

incomes, lower education levels and poorer housing. 

 By introducing a biomass sector to the province (as per the BAU + 2 M ODT and MSH 

scenarios) 3,569 and 5,779 new full-time jobs would be created (Table 14 and Table 17).  

 As well, from the BAU + 2 M ODT and MSH scenarios we can expect an average annual 

contribution to GDP of $590 million (Table 16) and $793 million (Table 19), respectively.  

6.2 Discussion  

At the outset of this analysis, the question of whether biomass was sustainable was not obvious. 

Questions still remain around what level of biomass harvesting for energy yields the best 

outcome for long-term sustainability in Ontario. What was clear is that different forest conditions 

create different outcomes for the relative viability of using biomass for electricity generation as a 

tool for companies, utilities and governments to meet GHG emission reduction targets. As this 

was the focus of the inquiry for the sustainability analysis, much of this discussion is focused on 

this point.  

As mentioned in Section 6.1, the overall sustainability of using forest-based biomass for 

electricity production, from a carbon perspective, is supported in this analysis from Ontarioôs 

Crown-land-sourced biomass. There are a number of factors that contribute to the use of biomass 

as a legitimate GHG emission reduction option for Ontario. These include: 
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 The BAU approach to dealing with road-side forest residues is to openly burn them at the 

forest road-side. A change in this assumption will impact the GHG emission profile for 

the biomass pathways. 

 Natural gas, while a cleaner fuel than coal, is still a fossil fuel with GHG emissions much 

greater than that of leading renewable energy options, including the use of biomass.  

 The forest age class structure of Ontarioôs Boreal forests is even-aged, and over time the 

GLSL forest becomes more even-age in its distribution. The even distribution of age 

classes provides for a long-term sustainable flow of biomass for pellet production without 

the risk of biomass supply volatility that might drive significant price changes in the 

feedstock of biomass.  

 Similar to the point above, the relative GHG emission intensity of biomass combustion is 

critically tied to the periodic or annual change in forest carbon stocks. Should the age 

class structure of the forest be changed dramatically through natural or human-caused 

disturbances that might remove forest carbon, the benefit of biomass as a GHG emission 

reduction strategy will be reduced.  

 Transporting wood pellets is one of the leading sources of GHG emissions in the life-

cycle of biomass electricity. As such, the logistics to supply four generating stations 

around the province will be critical to reducing future GHG emissions from the biomass 

fuel cycle.  

In considering the biomass sector as a generator of jobs and economic output it is important to 

consider the following:  

 The size and scale of the biomass sector assumed in this analysis is tied to the size and 

scale of the traditional forest products industry. If a biomass sector develops in Ontario, 

opportunities to decouple this sector from the forest industry will be important for the 

long-term viability of this sector.  

 Due to data availability and time constraints this analysis was not able to explore the 

opportunity to source biomass from private and municipal woodlots. These sources of 

biomass present an opportunity to de-couple the biomass sector from the traditional forest 

industry. 

6.3 Recommendations for biomass sustainability  

A number of recommendations can be made from this analysis. Given that the project was 

commissioned by OPG, it is our obligation to provide recommendations related to business and 

sustainability strategy. As well, through this analysis we had the opportunity to work with 

provincial-level data and resources. As such we would be remiss to not take the opportunity to 

provide recommendations to the Province of Ontario as it considers the development of a 

biomass sector. Therefore the recommendations below are categorized to provide relevant advice 

and suggestions to the two parties that have a vested interest in the enterprise of biomass use for 

electricity generation. 



Discussions and Recommendations 

The Pembina Institute 54 Biomass Sustainability Analysis  

6.3.1 Recommendations for Ontario Power Generation  

 Using biomass for wood pellet production, as a substitute fuel source for coal and natural 

gas, is a good strategy to reduce GHG emissions in Ontario. As such, the focus of new 

generation station conversion should consider biomass as a priority feedstock.  

 The overall contribution of the biomass pathway to GHG emission reductions relates to the 

underlying forest management strategy espoused on the Crown land base. Therefore, it is in 

OPGôs best interest to support the highest standards of forest management from the supply 

source.  

 If OPG chooses to proceed further with converting additional coal power plants over to 

utilize renewable biomass,
70

 consideration should be given to sourcing some volumes of 

biomass from sustainably-managed private lands and agriculture resources to ensure the 

long-term viability of biomass supplies, in the event that the forest industry does not recover. 

 To enhance the local economic development potential of using renewable biomass for 

electricity production OPG should encourage pellet providers to locate their pellet plants in 

communities that would benefit the most from new employment opportunities. Many of these 

communities are forest dependent, and focusing long-term investments in the biomass 

industry in these communities will  likely provide the most benefit for each dollar invested in 

a biomass sector. 

 As the existing generating stations are considered for decommissioning, new biomass 

electricity generating technology should be considered. The approach to adopting new 

biomass combustion technology should consider the life cycle GHG emissions of sourcing 

the biomass (e.g. transportation emissions are critical) as well as the overall contribution to 

economic development that a new suite of electricity generation technology can provide to 

forest-dependent communities.  

While not examined in this analysis, it is to be expected that OPG and the Province of Ontario 

will experience economic gains from using an energy resource that can be sustainably sourced 

within Ontario, rather than importing fossil fuels. As such, there will be additional financial 

resources available that could be considered for investment in research and development to drive 

improvements in biomass processing, more efficient combustion technologies, and innovations 

along the biomass supply chain ð all of which will enhance the overall viability of biomass as a 

long-term source of energy for Ontario.  

6.3.2 Recommendations for the Ontario Government 

 Prior to allocating Crown land biomass resources for electricity generation in the 

province, although complicated, forest carbon management needs to be integrated into 

the value structure of Crown land management. The overall strategy of managing for 

forest carbon can be complimentary to renewable and low-carbon biomass feedstocks.  

                                                 
70

 OPG announced that it is proceeding with repowering the Atikokan generation station to utilize biomass: 

http://www.opg.com/power/thermal/biomass/atikokanrepower.asp 
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 Consideration should be given to exploring harvesting techniques and/or silviculture 

practices that might ensure that the use of biomass for electricity production does not lead 

to any additional GHG emissions in the atmosphere. Examining new approaches to forest 

management were out of the scope of this analysis, therefore, future analysis should 

consider this opportunity. 

 Given the persistent downturn in the forest industry it will be important for this sector to 

be encouraged to explore new opportunities to add value to the wood products supply 

chain. As such, efforts should be made to integrate pellet product with wood products 

manufacturing into forest industry clusters.  

 The province is currently undergoing a wood competitiveness process where new 

allocations of wood supply for wood pellet production is being considered. As such, this 

analysis shows that in the short term there are gains to forest carbon from harvesting 

forest stands in the GLSL that are mature to even out the age class distribution of this 

forest region. The focus of wood allocation to these stands is likely to provide co-benefits 

to total carbon stores, the economic viability of the forest sector and long-term forest 

productivity. 

 Similar to the point above, the wood competitiveness process is expected to allocate 

standing Crown land timber volumes for pellet production. This approach will yield 

different outcomes for forest carbon and GHG emissions for the biomass pathway. 

Consideration should be taken to ensure that the wood allocation process accounts for 

these changes in overall GHG emissions for the province. The UNFCCC definition of 

renewable biomass should be considered in the decision-making for what sources of 

biomass are considered for pellet production.   

6.4 Further research and analysis  

The purpose of this analysis was to address OPGôs questions regarding biomass sustainability 

that were not yet addressed in the literature. Through this work, additional research questions and 

gaps in existing data sources surfaced. In fact, as in many analyses of environmental and 

economic systems, as the analysis unfolded the complexity of forest carbon management became 

very apparent. As such, more work is needed to support the conclusions made in this report. 

Below is a list of areas where further research and analysis would benefit OPG and the 

Government of Ontario in their understanding of biomass sustainability:  

 Future analysis should consider a longer planning horizon than the one used in this 

analysis. It is recommended that the planning horizon be extended to align with that for 

forest management planning in Ontario (150 years).  

 Sensitivity analyses should be performed on some key modelling assumption and 

decisions made in this project, including predicated forest industry harvest rates, the 

assumption and percentage of roadside slash burning and forest residue compared to full 

tree harvesting. 
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 Future work should examine the potential to use a modified shelterwood or selection 

harvesting system to target stands in the GLSL region where harvesting low-grade may 

result in a boost to forest productivity. 

 This analysis did not explore the impact that the biomass sector at various scales is likely 

to have on medium and long-term electricity prices. Further, analysis is needed to 

examine how this type of electricity production stacks up to existing and future electricity 

sources and prices. 

 This analysis assumed a pellet plant size that would enable the production of 120,000 

ODT / year. Further analysis is needed to tailor the distribution of pellet plants to 

resource availability so that pellet plant locations are custom fitted to an appropriate size. 

 This analysis did not explore critical air contaminants (i.e. carbon monoxide, nitrogen 

oxides, sulphur dioxides and particulate matter) that would be created by introducing an 

entire biomass supply chain within Ontario and combusting wood pellets at generation 

stations. A detailed analysis of these critical air contaminants that affect local air quality 

should be conducted. 
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Appendix A. Technical Advisory 
Committee  

Purpose:  

To convene a small group of experts (~8 people) to support the direction, development and 

provide input on key issues related to sustainability analysis of electricity generation using 

renewable biomass for the four coal power plants in Ontario (Atikokan, Thunder Bay, Lambton 

and Nanticoke).  

Scope:  

The table below describes the key areas in which the research team will and will not be seeking 

advice and guidance from the TAC.  

In Scope  Out of Scope  

 Input and guidance on biomass 
sustainability indicators 

 Input and guidance on key contacts and 
resources 

 Input and feedback on modelling 
assumptions  

 Input and feedback on modelling results 

 Input, analysis and feedback on policy 
issues.  

 Advocacy and lobbying of the project team 
or other members of the TAC 

 Feedback and advice on technology 
options for biomass combustion  

 

Roles and Responsibilities:  

The roles and responsibilities of the TAC members will depend on the particular expertise of 

each member. The members were selected based on the specific expertise that they can bring to 

the group. Table 20 provides the list of TAC members and their respective expertise.  

Table 20. List of TAC members that participated in this project.  

Organization  Name  Exper tise  

Canadian Forest Service Werner Kurz / Eric Nielson Carbon Budget Model  

Queen's University  Warren Mabee Wood Chemistry and Energy  

Lakehead University  Peggy Smith  Community Participation and 
Aboriginal Issues  

Ontario Forest Industry 
Association 

Scott Jackson Forest Industry 

Former OMNR  Bill Kissick Wood competitiveness in 
Ontario 

Eastern Ontario Model 
Forest  

Mark Richardson  Private lands 
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Wolf Lake First Nation Rosanne Van Schie Aboriginal Issues & Economic 
Development 

Canadian Forest Service Bill White Socio-economic Analysis 

Ontario Ministry of 
Natural Resources 

Dan Rouillard Wood supply modelling 

 

Ground Rules for Involvement in TAC: 

 Chatham House Rules: The Chatham House Rules are meant to provide anonymity and to 

encourage openness and sharing of information. Opinion and information shared will not 

be attributed directly to any of the TAC members. 

 Confidentiality: TAC members must treat all project documents and information shared 

with them as confidential unless Pembina indicates otherwise.  

 Open-mind: Members are asked to have no pre-determined outcomes in mind. This 

exercise is exploratory and outcomes will be driven by the project based research and 

modelling.  

 Respect: TAC members must demonstrate mutual respect for all other committee 

members. Each member is entitled to his/her perspective and time to express their 

opinions and ideas. Challenges should be made to ideas, not people. It should be 

understood that everyoneôs time is important.  

 Collaboration: Personal agendaôs should be left behind and the focus should be on 

supporting the completion of rigorous research, modelling and data analysis. 

 Feedback not Consensus: TAC members will be asked to provide feedback, guidance and 

input on various components of the sustainability analysis. The research team will not be 

seeking to achieve consensus amongst TAC members.  
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Appendix B. Biomass 
sustainability indicator 
framework 

The literature review that preceded this report
71

 provides the context for defining biomass 

sustainability through objectives, criteria and indicators. In the literature review, a broad suite of 

economic, social and environmental sustainability were explored to identify key criteria and 

indicators that can be used to guide the sustainability analysis presented in this report.  

The guiding research question used to define the biomass sustainability framework was: 

What is the range of objectives, criteria and indicators required to ensure the environmental, 

social and economic aspects of using forest-based biomass for electricity generation are 

accounted for? 

The application of criteria and indicators to define sustainable biomass has precedents in Canada 

and around the world. According to the Canadian Council of Forest Ministers (CCFM), ñthe 

process of developing criteria and indicators (C&I) will help governments to evaluate the 

effectiveness of existing regulations, orient future policies, identify and prioritize information 

and research, guide sustainable forest management in Canada.ò
 72

  

Ontarioôs Policy Framework for Sustainable Forests
73

 provides a foundation for the sustainable 

management of Ontarioôs Crown forests ð recognizing social, economic and environmental 

needs of present and future generations.
74

  

ñOur goal is to ensure the long-term health of our forest ecosystems for the benefit of the 

local and global environments, while enabling present and future generations to meet their 

material and social needs.ò
75

 

These policies and regulations that govern Crown land management in Ontario cover a range of 

existing criteria and indicators that define biomass sustainability in the currently defined forest 

industry. However, this act was developed prior to the recent interest in using biomass for 

electricity generation.  

                                                 
71

 Ontario Power Generation, Literature Review ï Sustainability Analysis of Electricity Generation from Renewable 

Biomass, prepared by the Pembina Institute (2010). 
72

 Canadian Council of Forest Ministers, Criteria and Indicators of Sustainable Forest Management in Canada. 
73

 Government of Ontario. Policy Framework for Ontarioôs Forests (2004), 

http://www.mnr.gov.on.ca/stdprodconsume/groups/lr/@mnr/@forests/documents/document/199742.pdf  
74

 Ontario Ministry of Natural Resources. March 2010. Forest Management Guide for Great Lakes - St. Lawrence 

Forests. Toronto: Queenôs Printer for Ontario.  
75

 Government of Ontario. Policy Framework for Ontarioôs Forests.  

http://www.mnr.gov.on.ca/stdprodconsume/groups/lr/@mnr/@forests/documents/document/199742.pdf
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Indeed, overlap is likely to exist between the criteria and indicators developed for biomass 

energy sustainability and those associated with sustainable forest management. The criteria and 

indicators from the research conducted in the preceding literature review provides a framework 

that must be adapted and refined in order to put it into practical application. Here the framework 

is refined in order to apply it to the case study of biomass co-firing for electricity generation in 

Ontario, from biomass sources on Crown and private lands.  

To evaluate future biomass production scenarios specific to Ontario, we have developed a 

criteria and indicator framework that captures many of the pressing aspects of sustainability that 

arise from the use of forest-based biomass. The aspects of sustainability covered are supported 

by existing academic and technical reports and public consultation based process documents, 

such as the 2005 C&I document developed by CCFM.
 76

  

Management planning, monitoring and compliance 

Adherence to legal requirements, including legislation, regulations, licenses, planning manuals 

and forest management guidelines is a critical part of biomass sustainability. The criteria and 

indicators in Table 21 capture the need for integrating biomass co-firing as part of a 

comprehensive forest management plan.
77

 While this report is focused on the incremental change 

brought about by introducing biomass co-firing for electricity generation, all sources of biomass 

should comply with a minimum legal and/or policy standard.  

Table 21. C&I for management planning, monitoring and compliance 

Criteria Indicator Measurement 
Units 

Objective: All legislated requirements are complied with
78

 

Compliance with all environmental and labour 
legislation in force and the related international 
agreements that Canada has ratified.

 79
 

Compliance. 

 

Yes/No 

Objective: Management plan and follow-through 

A long-term forestry management plan 
encompassing sustainable practices shall be 
written, implemented, and kept up to date.

80,81,82
 

Management plans 
are in place. 

Yes/No 

                                                 
76

 Ibid. 
77

 Forest Stewardship Council, National Boreal Standard: Accredited by FSC. 
78

 J. van Dam, Update: Initiatives in the Field of Biomass and Bioenergy Certification, 2010, 

http://www.bioenergytrade.org/downloads/overviewcertificationsystemsfinalapril2010.pdf. 
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Sustainable practices of the management plan 
are incorporated into operations  

Verification that 
management plan 
is followed 

Yes/No 

Monitoring of forest health and impact of 
operations on the community 

Monitoring and 
measurement is 
conducted 

Yes/No 

Objective: Management plan is adaptive 

The results of monitoring shall be incorporated 
into the implementation and revision of the 
management plan.

83
 

Management plan 
updated to 
incorporate 
monitoring results.  

Yes/No 

Renewable resource use 

Renewable resource use concerns obtaining the most value from the natural resources harvested 

and ensuring that benefits from the forest can be permanently sustained.
 84

 The criteria and 

indicator capture in Table 22 are concerned with capturing the long-term trend in resource use 

versus resource replenishment as well as capture the value of use. In this case, the value of 

renewable resource use is capture as the KWh/m
3
 harvested. 

Table 22. C&I for renewable resource use 

Criteria Indicator Measurement 
Units 

Objective: Resource use must be regenerative and efficient 

Per unit benefits of resource use increases over 
time.  

Production 
efficiency  

KWh/m
3
 of wood 

volume harvested 

Electricity must be generated in a manner that 
ensures the rate of harvest does not exceed 
levels that can be sustained.

85,86
  

Sustained yield of 
harvest over time.  

M
3 
of wood volume 

harvested per year 

Greenhouse gas emissions and forest carbon cycle 

The criteria and indicators for GHG emissions and forest carbon cycle (Table 23) are concerns 

with estimating the impact of projects and processes taken to encourage net carbon uptake by the 

forest and reduce carbon emissions are addressed by these criteria and indicators. These 

                                                                                                                                                             

 

 

 
84

 Forest Stewardship Council, National Boreal Standard: Accredited by FSC. 
85

 EcoLogo Program, ñCertification Criteria Documentò  
86

 Forest Stewardship Council, FSC Principles and Criteria for Forest Stewardship (Bonn, Germany, 1996), Bonn, 

Germany. 
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indicators can be combined to estimate the carbon dividend/debt associated with biomass co-

firing for electricity generation.  

Table 23. C&I for greenhouse gas emissions and forest carbon cycle 

Criteria Indicator Units 

Objective: Forest-based biomass use for electricity is carbon neutral over the forest 
management planning horizon or 100 years. 

Life cycle GHG emissions from fossil fuels are 

minimized for the life of the project.
 87

 

Direct emissions 
from forest-based 
biomass supply-
chain 

Tonnes CO2e/yr 

Carbon balance of forest biomass operations is at 
a minimum carbon neutral, on a life cycle basis, 
over the life of the project.

 88
 

Net change in 
forest ecosystem 
carbon (above 
ground, dead 

organic matter).
 89

 

Tonnes carbon/ yr 

Carbon dividend is realized within GHG mitigation 
policy timeframe (i.e. carbon neutrality of biomass 
co-firing is realized before 2020 in Ontario) 

Carbon dividend 
over time  

GHG emissions 
balance (Tonnes 
CO2e/year)  

Air emissions 

Air emissions are produced throughout the biomass co-firing supply chain. In the criteria and 

indicator capture in Table 24 the main source of air emissions captured are those associated with 

combustion of fuel- biomass in this case.  

Table 24. C&I for air emissions 

Criteria Indicator Measurement 
Units 

Objective: Biomass production does not lead to increased levels of air pollution
90

  

The emission of air contaminants must be lower 

than baseline power production technology
91

  

 

Ontario Ambient Air 

Quality Criteria
92

 

are improved 

Ȳg/m³or ppm or 

ppb/year 

                                                 
87

 Organisation for Economic Cooperation and Development, Towards the Development of OECD Best Practices for 

Assessing the Sustainability of Bio-based Products. 
88

 Ibid. 
89

 Canadian Council of Forest Ministers, Criteria and Indicators of Sustainable Forest Management in Canada. 
90

 Organisation for Economic Cooperation and Development, Towards the Development of OECD Best Practices for 

Assessing the Sustainability of Bio-based Products. 
91

 Horst Fehrenbach et al., ñCriteria for a Sustainable Use of Bioenergy on a Global Scaleòò 
92

 Ontario Ministry of the Environment, 2008. Ontarioôs Ambient Air Quality Criteria, PIBS # 6570e. 

http://www.ene.gov.on.ca/publications/6570e-chem.pdf (accessed October 29, 2010). 

http://www.ene.gov.on.ca/publications/6570e-chem.pdf
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relative to coal-
power production 

Soil quality and site productivity 

These criteria and indicators in Table 25 are focused on the importance of undertaking operations 

in ways that protect the site and soil.
 93

 

Table 25. C&I for soil quality and site productivity 

Criteria Indicator Measurement 
Units  

Objective: Biomass production does not lead to soil degradation
94

  

Forest harvesting and silviculture activities are 
ensure that soil fertility is maintained.

95,96
 

Documentation of 
adequate soil 
management plan. 

Yes/No 

High levels of organic matter in the soil must be 
maintained

97,
 

Volume of dead 
organic matter 

m
3
/ha 

Soil erosion must be minimized
98,

 Annual 
measurements of 
soil loss

99
 

Tonnes soil/ha/y 

Preservation of soil health and productivity
100

  

 

Annual 
measurements of:  

nutrient balance, 
soil organic matter, 
pH in top soil

101
 

Nutrients: % or 
mg/kg 

Organic matter: % 

pH: pH scale 

                                                 
93

 Ibid. 
94

 Organization for Economic Cooperation and Development, Towards the Development of OECD Best Practices for 

Assessing the Sustainability of Bio-based Products, Agenda, 2010. 
95

 L. Reijnders, ñConditions for the sustainability of biomass based fuel use,ò Energy Policy 34, no. 7 (May 2006): 

863-876, doi:10.1016/j.enpol.2004.09.001. 
96

 EcoLogo Program, ñCertification Criteria Documentò, 2006, 

http://www.ecologo.org/common/assets/criterias/CCD-003.pdf. 
97

 Bart Dehue, Sebastian Meyer, and Carlo Hamelinck, Towards a Harmonised Sustainable Biomass Certification 

Scheme (Utrecht, Netherlands, 2007), Utrecht, Netherlands. 
98

 Horst Fehrenbach, Jurgen Glegrich, Guido Reinhardt, et al., ñCriteria for a Sustainable Use of Bioenergy on a 

Global Scaleò (2008). 
99

 Bart Dehue, Sebastian Meyer, and Carlo Hamelinck, Towards a Harmonised Sustainable Biomass Certification 

Scheme. 
100

 Ibid. 
101

 Ibid. 
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Hydrology and water quality  

Criteria and indicators for hydrology and water quality, as shown in Table 26, reflect those of 

existing forest management policies on Crown land. While many of these are redundant in the 

context of Crown land management, these are provided as a guide for expected criteria for 

private land sources of biomass for co-firing.  

Table 26. C&I for hydrology and water quality 

Criteria Indicator Measurement 
Units 

Objective: Biomass production does not lead to the contamination or depletion of water 

resources in quantity or quality
102,103 

Harvesting does not occur within riparian buffer 

zone and wetlands are maintained
104

 

Assessment shows 
riparian buffer 
zones are 
respected, and that 
drainage of 
wetlands does not 

occur.
 105,106

  

Yes/No 

Construction of roads and stream crossings do 
not adversely impact aquatic habitat. 

Compliance with 
construction, 
stream crossing, 
and riparian zone 
management 

standards
107

 

Yes/No 

The use of fertilizers is restricted to the minimum 

requirements
108

  

Only organic 

fertilizers
109

 and 

FSC approved 
fertilizers or 
biodegradable 
pesticides and 

herbicides.
110

 

Yes/No 

                                                 
102

 Organization for Economic Cooperation and Development, Towards the Development of OECD Best Practices 

for Assessing the Sustainability of Bio-based Products. 
103

 Bart Dehue, Sebastian Meyer, and Carlo Hamelinck, Towards a Harmonised Sustainable Biomass Certification 

Scheme. 
104

 Horst Fehrenbach, Jurgen Glegrich, Guido Reinhardt, et al., ñCriteria for a Sustainable Use of Bioenergy on a 

Global Scaleòò. 
105

 Ibid. 
106
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The use of pesticides must be restricted to the 
absolute minimum required, the necessity for 
such use and usage quantities must be 

documented
111

  

Weed and pest 
management 
complies with 
Integrated Pest 
Management (IPM) 
as a minimum 

requirement
 112

  

Yes/No 

Biodiversity and terrestrial habitat 

The criteria and indicators in Table 27 address the conservation of biodiversity.
113 

Maintenance 

of critical habitat areas, and the introduction of natural habitat features into silvicultural and 

harvesting treatments are necessary to achieve a desired condition of the forest stand that 

supports biodiversity.
114

 

Table 27. C&I for biodiversity and terrestrial habitat 

Criteria Indicator Measurement 
Units 

Objective: Maintain high natural value areas
115

 

Representative samples of existing features (e.g. 
old growth forest) within the landscape shall be 
protected in their natural state.  

Areal extent of 
representative land 
types are recorded 
on maps, 
appropriate to the 
scale and intensity 
of operations and 
the uniqueness of 
the affected 

resources.
 116

 

Ha/eco-region 

Rare, threatened or endangered ecosystems or 
species are recognized and protected within the 

operational area
117

 

Habitat and 
distribution of 
selected forest-
associated species 
and species at 

risk
118

 

Ha/ species/ eco-
region 
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 Canadian Council of Forest Ministers, Criteria and Indicators of Sustainable Forest Management in Canada. 
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Habitat is maintained for featured wildlife species 
(moose, white-tailed deer, marten, pileated 
woodpecker). 

Area of habitat 
available for 
featured species 
during each 
planning period 

Ha/ species/ 
ecoregion 

Electricity is generated in a manner such that 
adverse impacts are avoided for any species 

designated as endangered or threatened.
119

  

Sensitive areas are 
avoided 

 

Yes/No 

Objective: Natural disturbances are accounted for in biomass management and planning 

Maintenance of the ecological functions and 

integrity of the forest.
 120

  

Natural cycles that 
affect the 
productivity of the 
forest ecosystem 
are accounted for 
in harvest volume 
decision-making.

 121
 

Yes/No 

Socio-economic well-being  

The criteria and indicators presented in Table 28 are concerned with the corporate citizenship of 

biomass harvesting operations and fair treatment of forest workers with respect and dignity.
 122

 

These criteria also address the capacity of both the forest and the forest operation to provide a 

sustainable flow of economic and social benefits.
123

 

Table 28. C&I for social-economic well-being 

Criteria Indicator Measurement 
Units 

Objective: Biomass product and combustion operations shall maintain or enhance the long-
term social and economic well-being of forest workers and local communities.

 124
,
125

  

Economic benefit for workers and the community. New employment is 
created. 

% employed by 
sector; 

number of people 
employed / sector; 
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Contribution to 
unemployment rate 

% change in 
unemployment 

Median and family 
income 

$ / person and$ / 
family 

Contribution to 
education 
attainment 

% increase in high-
school and post-
secondary 
education 
attainment among 
population 

Prevalence of 
poverty 

% of homeowners 
spending more 
than 30% of 
income on major 
payments 

Objective: Employeesô competence to work is ensured
126

 

The professional competence of employees is 
ensured.

127
  

Work protocols are 
developed;  

Levels of training;  

Degree of 
supervision. 

Yes/No 

Hours/Yr 

Supervisor to 
worker ratio 

Contractors and employees shall be are provided 
with the means for safe and a high quality work.

128
 

Safety guidelines 
developed and 
communicated. 

Yes/No 

Objective: Biomass production contributes to local and national prosperity
129

  

Economic benefits.  Contribution of the 
biomass sector to 
the GDP 

$/year 

Economic well-being of the community is 
sustained.

130
 

Return on capital 
employed 

ratio of net 
revenues to net 
assets.  
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Distribution of benefits.
131

 Distribution of 
financial benefits 
from the biomass 
industry:

132
 

- to businesses, to 
private landowners, 
to government 

 
 
 

Revenues -$ / 
year 

taxes$
 collected/y
ear 

Objective: Biomass operations result in a wide range of environmental and social benefits.
 133

  

Multipurpose use of forests is promoted. Forest 
management 
allows for multiple 
uses.  

Yes/No 

Biomass harvesting operations shall recognize, 
maintain, and, where appropriate, enhance the 
value of forest services and resources such as 
watersheds and fisheries. 

Strategic 
management 
guidelines are 
clearly 
communicated and 
openly developed. 

Yes/No 

Economic benefit for workers and the community. New employment 
and higher valued 
employment is 
created. 

Income growth is 
maintained above 
inflation. 

% employed by 
sector;  

 

Annual income per 
capita 

The communities within, or adjacent to, the forest 
management area should be given opportunities 
for employment, training, and other services.

134
  

Economic growth 
and diversity of 
region. 

Levels of self-
employment

135
;  

Employment by 
region

136
  

Indigenous peoplesô rights 

The criteria and indicators presented in Table 29 recognize the need to obtain informed consent 

from affected indigenous communities, and to obtain a positive acceptance of the biomass 

aspects of forest management plans based on the Indigenous communities having a clear 

                                                 
131

 Ibid. 
132
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134
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understanding of the plan.
137

 They also address the impact of biomass operations on tenure and 

use rights.
138

 

Table 29. C&I for indigenous peopleôs rights 

Criteria Indicator Measurement 
Units 

Objective: The legal and customary rights of indigenous peoples to own, use and manage their 

lands, territories, and resources shall be recognized and respected.
139

  

Indigenous peoples biomass operations on their 
lands and territories unless they delegate control 
with free and informed consent to other agencies.

 

140
  

Authority of 
indigenous people 
to control biomass 
operations on their 
land. 

Independent 
assessment of 
community 
satisfaction 

Biomass operations shall not threaten or diminish, 
either directly or indirectly, the resources or tenure 

rights of indigenous peoples.
 141,142143,

  

Evidence that the 
peopleôs right to 
use lands not 
exclusively owned 
by them is 

respected.
 144

  

Independent 
assessment of 
community 
satisfaction 

Aboriginal and treaty rights consultation
145

 

 

 

 

Full and meaningful 
consultation with 
Aboriginals is 
conducted in the 
development of 
policies and 
legislation biomass 

operations
146

 

Independent 
assessment of 
community 
satisfaction 

Community engagement 

The criteria and indicators presented in Table 30 address the ownership of land and right to 

manage the forest and use the natural resources. They also address a community or customary 
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user groupôs right to participate in management decisions and the need to include meaningful 

public participation in biomass operations as their integrated into broader forest management.
147

 

Table 30. C&I for community engagement 

Criteria Indicator Measurement 
Units 

Objective: Local populations shall not suffer drawbacks but participate in opportunities.
 148

  

Stakeholders with socio-economic interests are 
integrated in all procedures.

 149
  

 

An assessment of 
social impacts is 
carried out and the 
results taken into 
account in 
management 
planning and 
operational 

procedures
150

  

Yes/No 

Objective: Long-term tenure and use rights to the land and forest resources shall be clearly 
defined, documented and legally established. 

Clear evidence of long-term forest use rights to 
the land (e.g. land title, customary rights, or lease 

agreements) shall be demonstrated
151,152

 and land 

rights of other users are respected.
153

 

The right to use the 
land can be 
demonstrated, 
does not diminish 
the legal or 
customary rights of 
other users, and 
respects important 
areas for local 
peoples

154
 

Yes/No 

Objective: Biomass production does not adversely affect existing land rights and community 

relations
155

 

Prior or conflicting land use, biodiversity losses 
and scenic, recreational and cultural values are 
addressed during project planning and 

development.
156

  

Documentation and 
resolution of 
community 
concerns. 

Yes/No 
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The project does not result in irreparable/ 
immitigable degradation or loss of the siteôs 
heritage, cultural, recreational and/or touristic 

values.
157

  

Management plan 
has provisions for 
avoiding sites with 
heritage, cultural, 
recreational and/or 
touristic values. 

Yes/No 

                                                 
157

 Ibid. 
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Appendix C. Modelling 
constraints and assumptions 

Table 31. Environmental modelling ï Main assumptions 

Assumption 

Harvesting 

In the BAU and BAU + 2 M ODT scenarios the forestry sectorôs annual harvest rate 
begins at 15 Mm

3
 for the first 5 years increasing to 20 Mm

3
 for the remainder of the 

modelling timeframe. 

Biomass resources 

Biomass harvesting is done so using the least-cost biomass sources as follows: 

1. Sawmill waste 

2. Forest residues from the Boreal and GLSL 

3. Low-grade residuals from the Boreal 

4. Low-grade timber biomass from the GLSL 

5. Post-fire salvage biomass from the Boreal and GLSL 

The half-life decay rates for each product pool are assumed to be the following: 

- Lumber ï 1% per year 

- Paper ï 50% per year 

- Other lumber ï 1% per year 

- Landfill ï 1% per year 

50% of the carbon in landfills is expected to degrade at a rate of 1% in equal proportions 
of CO2 and CH4 

The half-life decay rate for the biomass used in wood pellet production is assumed to be 
zero (the pellet is combusted the same year it is produced) 

Low-grade merchantable wood in the GLSL forest region is not commercially viable 
therefore harvesting and using this volume of timber for wood pellet production is not 
expected to impact any existing or future markets for conventional wood products. 

Non-merchantable and low-grade timber in the Boreal and GLSL forest regions are 
collected during clear cut harvesting and are an available biomass resource. 

All the available sawmill waste is currently utilized by the exiting pulp and paper CHP 
industry in Ontario. 

All the surplus sawmill waste beyond HHR is available to the bioenergy industry 

Residue collection is assumed not to impact soil carbon stocks 

Forest residue (logging slash) in the Boreal forest region is burned at roadside under 
BAU practice 

Forest residue (logging slash) in the GLSL forest region remains in the forest when 
selection or shelterwood harvesting occurs and decays at natural rate. Forest residue 
(logging slash) in the GLSL forest region is burned at roadside when clear cut harvesting 
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is used. 

50% of forest residue is left on-site in the forest to promote soil nutrient quality 

50% of post-fire salvage logging is left on-site in the forest to promote soil nutrient quality 

Pellet Plants 

Each pellet plant is able to produce 120,000 ODT / year of pellets 

A pellet plant delivers 100% of its pellets specifically to one and only one generating 
station 

Pellet plants were placed in the same location as existing mill sites  

 A pellet plant consumes 15% of the biomass inputs in the drying process.  

 

Table 32. Socio-economic Modelling Assumptions  

Assumption 

Labour force by sector is a strong determinant of aggregate social outcomes  
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Appendix D. Supporting 
information for Provincial 
Planning Model 

Average annual burn fraction  

To estimate the potential volume loss from forest fires in the province an average annual burn 

fraction was applied to each future biomass scenario.  

 

Figure 17. Average annual burn fraction applied to the modelling scenarios  

Source: OMNR 2010 
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Appendix E. GHG life cycle 
assessment supporting 
information 

Boundary selection 

Boundary selection is the process of determining which activities should be quantified as part of 

the life cycle. Each activity that uses energy will result in GHG and air emissions. Figure 6 

displays a simplified life cycle activity map of the activities included in this analysis. The 

coloured activities (grey and orange) denote those activities that have been excluded from the 

analysis. The life cycle activities are divided into three distinct phases in time: construction, 

operation and maintenance, and decommissioning. 

Generally, the Pembina Institute endeavoured to include all life cycle activities between the 

forest floor and combustion at the generating station. We excluded some activities due to limited 

data availability, limited contribution to life cycle results
158

 or through assumptions of biomass 

production and use. The excluded activities and justification are as follows. 

1. Some activities around the pellet plants and generating stations were excluded, namely: 

the production and transportation of all materials used to construct, commission, 

decommission and dispose of pellet plants and generating stations. 

2. The harvest, skid and slash of merchantable timber in boreal and GLSL regions is 

excluded since this biomass is primarily harvested for pulp or sawn lumber products. The 

slash that is collected for pellet production is considered a waste product here since the 

slashing of merchantable timber would have occurred regardless of pellet production 

activities. 

3. Sawmill waste residue is only sent to pellet plants if production exceeds demand from 

pulp mills. Sawmills only produce enough waste residue above existing demand in 

Scenario 4. As such, these activities are included in Scenario 3 as a source of biofibre to 

pellet plants. 

4. Broadcast application of fertilizer is not an approved practice in Ontarioôs Crown forest. 

The only fertilizer that permitted is that used in the production of seedlings in 

greenhouses and the residual amounts that are contained in the plugs during planting. 

a. While data on fertilizer production is readily available, data on fertilizer 

application to seedlings is not readily available. For this reason, fertilizer 

production emissions have been excluded from the analysis. 

                                                 
158

 We used our previous life cycle experience and advice from the TAC to judge whether activities would be 

material to the life cycle assessment or not.  
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b. The amount of residual fertilizer left in the plug when the seedling goes for 

planting is assumed to be a fraction of what was initially applied to the seedling. 

Since the amount of fertilizer application is unknown, the N2O emissions 

generated from denitrification are not included in this analysis. Denitrification in 

forest soils is an emerging research topic. The limited research performed thus far 

indicates that fertilization has limited effects on emissions of N2O in contrast with 

agricultural applications; however, more studies are required.
159

 

Data sources for life cycle assessment  

Table 33 contains a list of total material and energy inputs as well as transportation distances 

used
160

 in the assessment for each of the materials. 

Table 33: List of material, energy and distance inputs used in the LCA 

Activity Sources/Comment 

Harvest, skid and slash biofibre (clearcut, selection, 
shelterwood) 

Zhang
161

, Peterson
162

 and KPMG
163

 

Bundle slash and non-merchantable residue into 
composite residue logs (CRLs) 

Peterson, Ralevic
164

 and Meadows
165

 

Forward CRLs to roadside Peterson and SPINE
166

 

Chipping residue at roadside (boreal forest only) Zhang and KPMG 

Forestry renewal (planting, scarification, pre-
commercial thinning, herbiciding) 

Greene
167

, Berg
168

 and Markewitz
169

 

Transportation
170

 Norbridge
171

 and NREL LCI Database
172
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160
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161

 Zhang et al. 2010. Supporting Information for Life Cycle Emissions and Cost of Producing Electricity from Coal, 
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162

 Peterson, D. 2005. The real cost of extracting logging residue study. Renewable Resources Solutions Sept. 05. 

Taken from Current and Abbas. 2006. Economics of Biomass Harvest. 
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 KPMG. 2008. Wood pellet plant cost study for the Algoma and Martel Forests in the Western Portion of the 

Great Lakes/St. Lawrence Forest 
164

 Ralevic, P, M Ryans, and D Cormier. 2010. ñAssessing forest biomass for bioenergy: Operational challenges and 

cost considerations.ò The Forestry Chronicle 86(1): 43-51. 
165

 Meadows, Steve, Tom Gallagher, and Dana Mitchell. 2010. Project Summary: Application of a Trailer-Mounted 

Slash Bundler for Southern Logging. Available at: 

http://www.forestry.vt.edu/cofe/documents/2010/Meadows_Gallagher_Mitchell_COFE_2010.pdf. 
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 SPINE LCI Dataset. 1998. Forwarding of harvested wood. Accessed online at 

http://www.cpm.chalmers.se/CPMDatabase/Scripts/sheet.asp?ActId=STRCPM0071998-02-13849. 
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 Greene et al. 2002. Modelling silvicultural alternatives for conifer regeneration in boreal mixedwood stands 

(aspen/white spruce/balsam fir). 
168

 Berg. 2005. Energy use and environmental impacts of forest operations. 
169

 Markewitz. 2006. Fossil fuel carbon emissions from silviculture Impacts. 



Appendix E: GHG life cycle assessment supporting information 

The Pembina Institute 77 Biomass Sustainability Analysis  

Pelletize biofibre Zhang and KPMG 

Operate sawmill Asante
173

 and NREL
174

 

Biofibre pellet combustion at generating station Zhang, OPG
175

 and Environment 
Canada

176
 

Road construction and maintenance Asante and Zhang 

Upstream fuel extraction, processing and 
transportation 

GHGenius
177

, MOE
178

, OEB
179

 

Key assumptions and notable details 

The life cycle inventory is based on several important assumptions and notable facility details 

that influence the results of the analysis. The most significant of these are listed below.  

 Harvest: Harvest activities in the boreal and GLSL are estimated using Zhang fuel use 

and emission data. In the GLSL, this includes harvest of merchantable trees and low-

quality stands. In the Boreal, this includes harvest merchantable and non-merchantable 

trees. 

 Harvest: Residue collection is assumed not to impact soil carbon stocks. 

 Chipper: The roadside chipper in the boreal forest is modelled using the electricity 

requirements at the pellet plant. Electricity consumption is converted to diesel 

consumption using an internal combustion engine efficiency of 25%.  

 Silviculture : Silviculture activities (planting, scarification and pre-commercial thinning) 

use Swedish data. It is assumed that these activities are similar to Ontario silviculture fuel 

use. 

                                                                                                                                                             
170

 Transportation costs include handling costs at ports and hubs. Energy use and emissions does not include transfer 

of load at ports and hubs. 
171

 Norbridge. 2010. Biomass Logistics Study Phase II Final Report. 
172

 NREL. SS_Transport, combination truck, diesel powered.xls, SS_Transport, train, diesel powered.xls and 

SS_Transport, barge, diesel powered.xls. 
173

 Asante, Patrick. 2010. ñEconomics of Carbon Sequestration and the Optimal Harvest Decision.ò : 133. p28 
174

 NREL. SS_Sawn lumber, hardwood, rough, green, at sawmill, NE-NC.xls and SS_Sawn lumber, softwood, 

rough, green, at sawmill, NE-NC.xls. 
175

 Tammy Wong, Environment Officer, Ontario Power Generation, personal communication (e-mail), December 8, 

2010. 
176

 Environment Canada. 2010. National Inventory Report 1990-2008. Greenhouse Gas Sources and Sinks in 

Canada. 
177

 GHGenius v3.19. 
178

 Ministry of Energy. 2010. Fuel Price Data. Accessed online Nov 2010 at 

http://www.mei.gov.on.ca/en/energy/oilandgas/?page=fuel-price-data&fuel=dsl&year=2009 
179

 Ontario Energy Board. 2010. Natural Gas Prices at a Glance. Taking an average of Enbridge and Union Gas 

prices. Accessed online Nov 2010 at 

http://www.oeb.gov.on.ca/OEB/Consumers/Natural+Gas/Natural+Gas+Rates#prices. 
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 Silviculture: Silviculture costs and emissions are allocated to biofibre sent to pellet plant 

by volume of biofibre harvested compared to merchantable harvest. 

 Biofibre transportation : Biofibre transportation to pellet plants occurs using pulp trucks 

and chip trucks. Trucks hauling biofibre are assumed to be diesel single-unit trucks 

consuming 0.058 L / tonne-km. 

 Sawmill: Sawmill costs and emissions are allocated on a mass basis and consider all 

products leaving the sawmill site. This is only applicable in Scenario 4 when pellet plants 

accept waste from sawmills. 

 Pellet plant sites: Pellet plants are assumed to be located adjacent to sawmills. 

Therefore, transportation of sawmill wastes to pellet plants are negligible. This only 

impacts Scenario 4 where sawmill wastes are used by pellet plants. 17 pellet plants are 

sited at their locations using a combination of the existing Norbridge work and an 

assessment of the biomass resources analyzed in this study. 

 Pellet plant costs: A wide range of costs per ODT were found for producing wood 

pellets. The range for costs to operate a pellet plant, not including biofibre supply costs, 

ranged from CAD$36.44
180

 to CAD$176.62
181

 in 2010 currency. KPMG cost data was 

used (CAD$85.92);
182

  it is considered most local to northern Ontario situation as it 

examined specific sites at Chapleau and Wawa. 

 Pellet transportation:  

- Truck: Single unit diesel truck consumes 0.058 L / tonne-km.  

- Rail: Diesel fueled freight rail consumes 0.0065 L / tonne-km. 

- Vessel: Diesel fueled freight vessel consumes 0.0096 L / tonne-km. 

 Generating stations: Fixed costs to retrofit generating stations are CAD$ 806 / kW 

(exclusive of variable operating and maintenance costs). Capital costs for each generating 

station are derived based on expected pellet consumption at each generating station. 

 Activity costs: Activity costs are converted from source date to 2010 CAD currency 

using www.OANDA.com and Canadaôs industrial price index.
183

  

 Wood properties: 

- Green Biomass Density: 0.91 green tonnes / m
3
 

- Bundle Density: 0.32 tonnes / m
3
 

- Moisture Content: 47% 

                                                 
180

 Forintek. 2007. Community Sawmill Opportunities Study. 
181

 Inwald Obernberger and Gerold Thek. 2010. "The Pellet Handbook: The production and thermal utilisation of 
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182
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 Statistics Canada. 2010. Table 329-0056: IPI, by major commodity aggregations; Canada; Total, all commodities 

(index, 2002=100) 
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- Pellet biofibre ratio: 1.94 m
3
 green biomass / ODT pellet 
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Appendix F. GHG and economic 
cost coefficients 

Life cycle GHG coefficients 

Table 34 summarizes the GHG coefficients used to calculate the life cycle GHG emission 

associated with the biomass pathway. 

Table 34. Life cycle GHG coefficients 

Activity Functional Unit Data Source GHG  
(kg CO2e / 
functional 

unit) 

Roadside - Clearcut per m
3
 green biomass Zhang Peterson 16.710 

Roadside - Selection per m
3
 green biomass Zhang KPMG 14.587 

Roadside - Shelter Wood per m
3
 green biomass Zhang KPMG 19.733 

Bundle Cuttings into CRLs per ODT Peterson, Ralevic, 
Meadows 

1.219 

Forward CRLs to Roadside per ODT Peterson 6.185 

 per m
3
 green biomass KPMG Zhang 1.820 

Silviculture - Planting per ha Greene Berg 3.693 

Silviculture - Scarification per ha Greene Berg 40.803 

Silviculture - Pre 
Commercial Thinning 

per ha Greene Berg 3.902 

Silviculture - Fertilization       

Silviculture - Herbiciding per ha Greene Markewitz 22.136 

Transport Biomass 
(Logging Trucks) 

per m
3
-hr Rouillard, NREL 1.096 

Transport Pellets by Rail per tonne*km NREL 0.019 

Transport Pellets by Ship per tonne*km NREL 0.028 

Transport Pellets by Road per tonne*km NREL 0.171 

Pellet Plant per ODT pellets Zhang and KPMG 34.240 

Operate Sawmill per m
3
 input green wood Asante NREL 0.021 

Combust Pellets at 
Atikokan 

per ODT Environment Canada 8.019 

Combust Pellets at 
Nanticoke 

per ODT Environment Canada 7.789 

http://files.pembina.org/../../../../../../AppData/AppData/AppData/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/Activity%20Map/OPG%20Pellet%20Model%20-r48.xlsx#RANGE!A58
http://files.pembina.org/../../../../../../AppData/AppData/AppData/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/Activity%20Map/OPG%20Pellet%20Model%20-r48.xlsx#RANGE!A58
http://files.pembina.org/../../../../../../AppData/AppData/AppData/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/Activity%20Map/OPG%20Pellet%20Model%20-r48.xlsx#RANGE!A58
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Combust Pellets at 
Lambton 

per ODT Environment Canada 7.721 

Combust Pellets at 
Thunder Bay 

per ODT Environment Canada 9.361 

Road Construction and 
Maintenance 

per ODT Zhang et al 1.442 

Extract, Process, and 
Transport Diesel 

per L diesel GHGenius MOE 0.749 

Extract, Process, and 
Transport Electricity 

per kWh electricity (ON) GHGenius Navigant 0.016 

Extract, Process, and 
Transport NG 

per m
3
 NG GHGenius OEB 0.243 

Extract, Process, and 
Transport Gasoline 

per L gasoline GHGenius MOE 0.771 

 

Table 34 summarizes the cost coefficients used to calculate the socio-economic costs associated 

with the biomass industry. 

Table 35. Cost coefficients 

Activity Functional Unit Data Source Cost  
($CDN / 

functional 
unit 

Roadside - Clearcut per m
3
 green biomass Zhang Peterson $ 23.74  

Roadside - Selection per m
3
 green biomass Zhang KPMG $ 33.18  

Roadside - Shelter Wood per m
3
 green biomass Zhang KPMG $ 33.18  

Bundle Cuttings into CRLs per ODT Peterson, Ralevic, 
Meadows 

$ 7.09  

Forward CRLs to Roadside per ODT Peterson $ 2.32  

Chip Biomass at Roadside per m
3
 green biomass KPMG Zhang $ 13.56  

Silviculture - Planting per ha Greene Berg $ 801.93  

Silviculture - Scarification per ha Greene Berg $ 229.12  

Silviculture - Pre 
Commercial Thinning 

per ha Greene Berg $ 859.21  

Silviculture - Fertilization       

Silviculture - Herbiciding per ha Greene Markewitz $ 229.12  

Transport Biomass (Logging 
Trucks) 

per m
3
-hr Rouillard, NREL $ 4.11  

Transport Pellets by Rail per tonne*km NREL  Norbridge  

Transport Pellets by Ship per tonne*km NREL  Norbridge  

Transport Pellets by Road per tonne*km NREL  Norbridge  
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Pellet Plant per ODT pellets Zhang and KPMG $ 85.92  

Operate Sawmill per m
3
 input green 

wood 
Asante NREL $ 34.65  

Combust Pellets at Atikokan per ODT Environment Canada $ 65.05  

Combust Pellets at 
Nanticoke 

per ODT Environment Canada $ 65.05  

Combust Pellets at Lambton per ODT Environment Canada $ 65.05  

Combust Pellets at Thunder 
Bay 

per ODT Environment Canada $ 65.05  

Road Construction and 
Maintenance 

per ODT Zhang et al $ 16.67  

Extract, Process, and 
Transport Diesel 

per L diesel GHGenius MOE $ 0.91  

Extract, Process, and 
Transport Electricity 

per kWh electricity (ON) GHGenius Navigant $ 0.04  

Extract, Process, and 
Transport NG 

per m
3
 NG GHGenius OEB $ 0.13  

Extract, Process, and 
Transport Gasoline 

per L gasoline GHGenius MOE $ 1.04  
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Appendix G. Sustainability 
analysis ï detailed results 

Results for No Harvest scenario  

G.1.1. Total carbon stored for the No Harvest scenario 

 

Figure 18. Total carbon stored in the Boreal forest for the No Harvest scenario 
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Figure 19. Total carbon stored in the GLSL forest region for the No Harvest scenario 

 

Figure 20. Total carbon stored in the Boreal and GLSL forest region for the No Harvest scenario 
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G.1.2. Periodic changes in carbon stock for the No Harvest scenario 

 

Figure 21. Periodic change in Boreal forest carbon for the No Harvest scenario 

 

Figure 22. Periodic change in GLSL forest carbon for the No Harvest scenario 
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Figure 23. Periodic change in Boreal and GLSL forest carbon for the No Harvest scenario 

Results for Business As Usual (BAU) scenario 

G.1.3. Total Forest Carbon Stored for the BAU scenario 

 

Figure 24. Total carbon stored in the Boreal Forest region by product pool for the BAU Scenario 
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Figure 25. Total carbon stored in the GLSL forest region by product pool for the BAU scenario 

 

Figure 26. Total carbon stored in the Boreal and GLSL forest regions for the BAU scenario 
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G.1.4. Periodic changes in carbon stock for the BAU scenario  

 

Figure 27. Periodic change in Boreal forest carbon stored for the BAU scenario 

 

Figure 28. Periodic change in GLSL forest carbon stored for the BAU scenario 



Appendix G: Sustainability analysis ï detailed results 

The Pembina Institute 89 Biomass Sustainability Analysis  

 

Figure 29. Periodic change in carbon stored for the Boreal and GLSL forest regions 

G.1.5. Comparison between the carbon stored for the No Harvest 
and BAU scenarios 

 

Figure 30. Change in Boreal forest carbon stored between the ñno harvestò and the BAU 
scenarios  
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Figure 31. Change in GLSL forest carbon stored between the No Harvest and the BAU scenarios 

 

Figure 32. Change in Boreal and GLSL forest carbon between the No Harvest and the BAU 
scenarios 
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Results for BAU + 2M ODT scenario 

G.1.6. Total carbon stored for the BAU + 2M ODT scenario 

 

Figure 33. Total carbon stored in the Boreal forest region by product pool for the BAU + 2 M ODT 
scenario 

 

Figure 34. Total carbon stored in the GLSL forest region by product pool for the BAU + 2 M ODT 
scenario 
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Figure 35. Carbon stored in the Boreal and GLSL for the BAU + 2 M ODT scenario 

G.1.7. Periodic changes in forest carbon stocks for the BAU + 2M 
ODT scenario 

 

Figure 36. Periodic changes in Boreal forest carbon stored for the BAU + 2 M ODT scenario 
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Figure 37. Periodic changes in GLSL forest carbon stored for the BAU + 2 M ODT scenario 

 

Figure 38. Periodic changes in Boreal and GLSL forest carbon stored in the BAU + 2M ODT 
scenario 
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G.1.8. Comparison of the carbon stored for BAU and the BAU + 2 M 
ODT scenarios 

 

Figure 39. Periodic change in Boreal forest carbon stored between the BAU and BAU + 2 M ODT 
scenarios 

 

Figure 40. Periodic change in GLSL forest carbon stored between the BAU and BAU + 2M ODT 
scenarios 
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Figure 41. Periodic change in Boreal and GLSL forest carbon stored between the BAU and BAU + 
2 M ODT scenarios 

G.1.9. Total available biomass by resource type 

 

Figure 42. Total tonnage (ODT) of available biomass for pellet production in the Boreal forest 
region for the BAU + 2M ODT scenario 
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Figure 43. Total tonnage (ODT) of available biomass for pellet production in the GLSL forest 
region for the BAU + 2M ODT scenario 

 

Figure 44. Total tonnage (ODT) of available biomass for pellet production in the Boreal and the 
GLSL forest regions for the BAU + 2M ODT scenario.  
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G.1.10. Total biomass harvested by resource type 

 

Figure 45. Total tonnage (ODT) of biomass harvested for pellet production in the Boreal forest 
region for the BAU + 2M ODT scenario 

 

Figure 46. Total tonnage (ODT) of biomass harvested for pellet production in the GLSL forest 
region for the BAU + 2M ODT scenario 
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Figure 47. Total tonnage (ODT) of biomass harvested for pellet production in the Boreal and GLSL 
forest regions for the BAU + 2M ODT scenario 

Results for the Maximum Sustainable Harvest (MSH 
scenario) 

G.1.11. Total carbon stored 

 

Figure 48. Total carbon stored in the Boreal forest region by product pool for the MSH scenario 
















