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

-PEMBINA

~inNstitute

Sustainable Energy Solutions



Kennedy, Mike
Biomass Sustairmlity Analysisi rC
April 2011

Editor: Roberta Franchuk
©2011 The Pembina Institute

The Pembina Institute
Box 7558

Drayton Valley, Alberta
Canadalr7A 1S7

Phone: 786542-6272
Email: info@pembina.org

About the Pembina Institute

The Pembina Institute is a national ranofit think tank that advances sustainable energy
solutions through research, education, consulting and advocacy. It promotes environmental,
social and economic sustainability in the public intergst b

developing practical solutions for communities, individuals, q

governments and businesses. The Pembina Institute providePEMBINA: o N
policy research leadership and education on climate change,i 0 s t i t u = d
energy issues, green economics, energy efficiency and Sustainable Energy Solutions
conservation, renevsée energy, and environmental

governance. For more information about the Pembina Instituteywisit pembina.orgr
contactinfo@pembina.orgOur engaging monthly newsletteifers insights into the Pembina

Il nstituteds projects and activities, and
Pembina eNewsttp://www.pembina.org/enews/subscribe

o

The Pembina Institute ii Biomass Sustainability Analysis

high


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

About the Authors

Mike Kennedy

Mike served as a senior researcher with the Pembina Institute on this projesgtetiadiation

isin the economic dimensions of environmental and natural resource management, including
marketbased instruments, renewable energy policgsgstem 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,dsisard miningrelated

environmental liabilities, and soeeconomic impacts of resource developments on local and
regional communities. Mike holds a&:. and an M.Sdrom the University of New Brunswick

and has worked on natural resource managememsigsiCanada, 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. Heas developed key GHG tools such as the Ekaskd 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 compled extensive technical research into the areas of biomass cogeneration systems,
ethanol production, waste-energy processes, tire recycling, Canadian nuclear power, coal
gasification (IGCC), carbon capture and storage in Canada, and the costs oheatbality 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 steahanufacturing 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 Groullifing 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 prajes, 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 projectlevel accountingthragh t he Gr eenhouse Mawakye ment | n
with stakeholders in businesses, industry and NGOs in renewable energy technologies, including
solar, wind, geothermal, smatale hydro, bioenergy (biomass, biogas and biofuels), alternative

The Pembina Institute iii Biomass Sustainability Analysis



technologes 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 s p@imatefChange seovicd3 dif€ dysle 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. Bave has
masterd6s degree in systems design engineering

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 Instgiurtee 1995 in the development and
practical application of tripkbottomline decisioamaking tools, strategies for sustainability, and
policy research and advocacy. Marlo has worked with a wide range of clients including many of
the large Canadian energgmpanies. 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 act adju
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 reportwasdeveloped as part of a consulting contractherOntario 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.

e Brad Dollevoet

e Glen Foley

e Werner Kurtz

e Eric Nielson

e John Parkins

e Mike Patriquin

e DanRouillard

e Silvia Stroble

e Bill White
This report benefited from the participation
funding, input and guidance from Ontario Power Generation, and the expert advice of the people

mentioned above. This reposthetter because of this wide variety of input; however, the authors
acknowledge their responsibility for any errors or omissions.

The Pembina Institute iv Biomass Sustainability Analysis



Biomass Sustainability
Analysis

An assessment of Ontario-sourced forest-based

biomass

Contents
EXECULIVE SUIMMIAIY .iiiiiiiiiiiiiiiiiiiiieee ettt ettt ettt ettt ettt ettt et e et e et et e et e e et e eeeaeeeetaeeeaeeeeeeeeees 1
1. 1N o T LW o] £ o ¥ o PSR 4
1.1 PUIPOSE QNG SCOPE ....eeeeettiuetntnnntnntnteeeessseessessssssssssssssssssssssssss s s s sessbssbnssnnnes 4
1.2 Defining biomass sustainability ...........cccoooiiiiiiiiii e 8
1.3 Assumptions and MItAtioONS..........ccuuuiiiiii i e e e e aa e 9
1.4 OULING OF FEPONT ...ttt 10
2. Background: Measuring biomass sustainability ............ccccccoimiiiiiiiiiiiiiiie 11
2.1 Defining biomass sustainability criteria and an indicator framework ............................ 11
3. MOdelliNG FraMEWOTK ..o e e e e e e e e e e bt e e e e e eaeeennes 14
3.1 Future biomass sustainability SCENAIIOS ..........ccovieiiiiieeee e 14
3.2 Potential sources of biomass volume for wood pellet production..............ccccceeeenn.. 17
3.3 Biomass sustainability modelling methodology...........ccccoeeiiiiiiiiiiiiiii e, 18
3.3.1 Life cycle activity map i Biomass combustion for electricity.............ccccccceeeerennn. 19
3.3.2  Provincial Impact Assessment MOdel............cccccovviiiiiiiiii 21
3.3.3  Life cycle analysis of biomass supply chain ..., 22
3.3.4  Forest carbon accounting framework ............cccccoviiiiiiiiiii 23
3.3.5  Costs and revenue eStimatioNS ...........uuiiiiieiiiieiiiies e ee e e e e e e e 26
3.3.6  Social well-being modelling.........ccooeeieiiiii e 27
4. Sustainability analysis results: Environmental indicators .........cccccceevvieeiiiiiiiiiciineee. 31
4.1 Total carbon stored in Crown [and fOrestS .........oooiiiiiiiii e 31
4.2 Total biomass tonnage available and harvested.............ccccccovviiiiiiiiiiiie 34
4.3 Life cycle GHG emissions for the biomass pathway ............ccccccvviiiiiiiiiiiiii, 36
431 GHG emissions for the BAU + 2M ODT SCENANO.......ccceveeriiiniaieeaaeeeeiiiiiaaeeeeenn 36

The Pembina Institute v Biomass Sustainability Analysis



4.3.2  GHG Emissions for the MSH SCEeNAriO..........cccuvviiiiiiiiiiiiiiiiiiiiiiiiieieeeeeieeeeeeee 38

4.4 Biomass pathway versus natural gas pathway ............cccccovvvviiiiiiiiee 39
4.4.1 BAU + 2M ODT SCENANIO ...uuiieeeeieeeiiiiiae e e e e e e e eeeetiaa s e e e e e e e eeeaeea s s e e eaaeeeaansnaaaaeaeeas 40

N 151 o IR =] o = 1 o T PP PPPPPPPPPP 42

5. Sustainability analysis results: Social well-being indicators .........cccooooeviviiiiiceenne, 45
5.1 Social well-being impacts 8 BAU + 2 M ODT SCENANIO.......ccccevvvviiiiiiieeeeieeiiiiieee e, 45
5.1.1 Maintain or enhance socio-economic Well-being ...........cccccvvvvviiiiiiiiiiiiiiiiiiiie, 45

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

5.2 Social well-being impacts 8 MSH SCENANO........cccovvviiiiiiie e 48
5.2.1  Maintain or enhance socio-economic Well-being ..........ccccvvviiiieiiieeiiiiiieee e, 48

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

6. Discussions and ReCOMMENAAtiONS.........uuuuuuuuuiriiiiiiiiiiiiiiiiiiiireeeeenneeeeee e 51
6.1 Summary of KeY fINAINGS ....cooee e 51
8.2 DISCUSSION.....cie i 52
6.3 Recommendations for biomass sustainability............ccccceeeiiiiiiiiiiii 53
6.3.1 Recommendations for Ontario Power Generation.............ccccvvvveviiiiiieiieiieeennnnne. 54

6.3.2 Recommendations for the Ontario GOVernment...........ccccvvvvvvviiiiiiiiiiiiiiiiiieeeee 54

6.4 Further research and analySiS ......cccooeeiiiiiiiiiiiiii e e 55
Appendix A. Technical AdViSOry COMMITIEE ......ovvvviiiiiiiiiiiiiii e 57
Appendix B. Biomass sustainability indicator framework..........cccceeeeeeiiiiiiiiiiinn e, 59
Appendix C. Modelling constraints and assSUMPLiONS .......ccooiviiiiiiiin e, 72
Appendix D. Supporting information for Provincial Planning Model............................. 74
Appendix E. GHG life cycle assessment supporting information.................ooeeeeeeeeen. 75
Appendix F. GHG and economic cost COEffiCIENTS .......coooviiiiiiiiiiiii 80
Appendix G.  Sustainability analysis T detailed results........cccccoeeiiiiiiiiiiii . 83
Appendix H. Age class structure of the Boreal and GLSL forests.........ccccovvvvveeeneennn. 106

Appendix I.
Ontario

Addendum i Analysis of pellet production for the northwest region of

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

The Pembina Institute Vi Biomass Sustainability Analysis



List of Figures

Figure 1. Geographic scope of the Biomass Sustainability AnalysiS...........ccccccvviiiiiiiieerciviiiinnnnn. 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 SCENANIO. .........ccevvviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee 17
Figure 6. Biomass pellet life cycle activity Map.........ccevvviviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee 20
Figure 7. Total carbon stored in Ont ar.i.n0.b.832

Figure 8. Total tonnage (M ODT/year) of biomass available and harvested for the BAU +2M
(O] =T g o I RS o Yo =T o F= [ 1 35

Figure 9. Proportion of GHG emissions by activity type for the BAU + 2 M ODT scenario......... 36
Figure 10. Total greenhouse gas emissions (CO,e/10 year period) for the BAU + 2 M ODT

RS o= o = g o 37
Figure 11. Proportion of GHG emissions by biomass activity type for the MSH scenario .......... 38
Figure 12. Total greenhouse gas emissions (CO,e/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 SCENAKIO. «.eveeveviiiieieeeeeeeeeeitieas e e e e eeeeeatteaas s e e e e e e eeaaeenaaaaeeaeaeeasssnnaaaaeaes 41
Figure 14. Cumulative GHG emissions for the biomass and NGCC pathways for the BAU + 2M

(OB 1ot =] o - o LT R 42
Figure 15. Comparison of GHG emissions produced for the biomass and NGCC pathways for

the MSH SCENANIO.....cciiiiiiiiee e 43
Figure 16. Cumulative GHG emissions of the biomass and NGCC pathways for the MSH

RS0 =] o = g o 44
Figure 17. Average annual burn fraction applied to the modelling scenarios..........cccccccccvvveeenn. 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 .............c.......... 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

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 vii Biomass Sustainability Analysis

Cr own



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.............ccc........ 88
Figure 29. Periodic change in carbon stored for the Boreal and GLSL forest regions................ 89
Figure 30. Change in Boreal forest carbon stored

SCERNAIIOS ..t e ettt oot 89
Figure 31. Change in GLSL forest carbon stored between the No Harvest and the BAU

SCERNAIIOS ..ot oottt ettt 90
Figure 32. Change in Boreal and GLSL forest carbon between the No Harvest and the BAU

RS0 =] 0 =g 0 1 90
Figure 33. Total carbon stored in the Boreal forest region by product pool for the BAU + 2 M

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

(O ] I o =1 - 1o L 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

LS To1 =] o F= U [ R PP PPPPPPPPP 93
Figure 39. Periodic change in Boreal forest carbon stored between the BAU and BAU + 2 M
(O ] I To =] T T 1 94
Figure 40. Periodic change in GLSL forest carbon stored between the BAU and BAU + 2M ODT
LS To1 =] o F= T [0 1 PP PPPPPPPPP 94
Figure 41. Periodic change in Boreal and GLSL forest carbon stored between the BAU and BAU
AV O T Dl Yo =T o P-4 o TR 95
Figure 42. Total tonnage (ODT) of available biomass for pellet production in the Boreal forest
region for the BAU + 2M ODT SCENATO .......uuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiibiiieeeesesesieeaeeeeenee 95
Figure 43. Total tonnage (ODT) of available biomass for pellet production in the GLSL forest
region for the BAU + 2M ODT SCENAIIO ...uuuuiiieeeiiieeiiiiiie e eee et e e e e e et e e e e e e e e eenaanaas 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 SCENANO........cceeeeeeeieieeeeeeeeeeeeeeeeeeeeeeeeeeee e 96
Figure 45. Total tonnage (ODT) of biomass harvested for pellet production in the Boreal forest
region for the BAU + 2M ODT SCENAIIO ...uuuuiieeeiiieiiiiiiie e ee e eetee s e e e ettt e e e e e e e eeanaaaes 97
Figure 46. Total tonnage (ODT) of biomass harvested for pellet production in the GLSL forest
region for the BAU + 2M ODT SCENAIIO .....uuiieeeeiiiiiiiiiae e e et e e e e e eeeaetae e e e e e e eeneennnns 97
Figure 47. Total tonnage (ODT) of biomass harvested for pellet production in the Boreal and
GLSL forest regions for the BAU + 2M ODT SCENANO........cceeeeeeiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 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 viii Biomass Sustainability Analysis



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

ST o =0 =] o F= 1 o USRS 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
YIS BT o =T 0 F= 1 o 102
Figure 57. Total tonnage (M ODT) of available biomass for pellet production in the Boreal forest
region for the MSH SCENANIO. ........uuiiiiiiiiiii bbb eeeeneennnee 103
Figure 58. Total tonnage (M ODT) of available biomass for pellet production in the GLSL forest
region for the MSH SCENAIIO. .......ccciiiiiiiie e e e e e 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..............coovviiiiiiiiiiiiiiiiie 104
Figure 60. Total tonnage (M ODT) of biomass harvested or pellet production in the Boreal forest
region for the MSH SCENANIO. ........uuiiiiiiiiiiii b neennnee 104
Figure 61. Total tonnage (M ODT) of biomass harvested for pellet production in the GLSL forest
region for the MSH SCENAIIO. .......ccceiiiiiiice e e e e e r s 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..............coovviiiiiiiiiiiiiiiie 105
Figure 63. Age class of the Boreal FOrest in 2010...........cooiiiieiiiiiiiiiiie e 106
Figure 64. Age class of the Boreal FOrest in 2050...........ccoiiiieiiiiiiiiiiiie e 106
Figure 65. Age class of the Boreal FOrest in 2110.........couvviiiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeee e 107
Figure 66. Age class of the GLSL FOrest in 2010 .........ccuvvviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 107
Figure 67. Age class of the GLSL Forest in 2050 ............coiiiiiiiiiiiiiiiii e 108
Figure 68. Age class of the GLSL FOrest in 2100 ..........cccuvviiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeee e 108
Figure 69. Forest Management Units for the Atikokan 100K scenario...........ccccccevveeeeiiniinnnnee. 110
Figure 70. Forest Management Units for the Atikokan 200K scenario..........ccccceeeeeeeeiiiiiiinnnnnn. 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
LT 010 Q=T ot = o =T o TSR 112
Figure 73. Total biomass inventory and harvested for Atikokan 100K, Atikokan 200K and
Atikokan-Thunder Bay 500K SCENANOS. ..........cuuiiiiiiiiiiiiiiiiiiieieeeeeeeeee e 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 .........ccccoeevvvviineereinnnennnns 114

The Pembina Institute iX 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 ...........cccceeeveeeeiveeenennnnnn. 116
Figure 78. Proportion of GHG emissions by activity type for the Atikokan-Thunder Bay 500K
£ 1= 0 = £ o PP 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 LO0K SCENANIO. ........cuuuiiiiiiieee e eeeee e e e e et e e e e e et e e e e e e e aae e aeaes 119
Figure 81. Cumulative GHG emissions of the biomass and NGCC pathways for the Atikokan
00T Q=T o7 =T o = T ¢ o 1 120
Figure 82. Comparison of GHG emissions produced for the biomass and NGCC pathways for
the Atikokan 200K SCENANIO. ........cuuuiiiiii e e e e e e e e e e e e e ere e aeaas 121
Figure 83. Cumulative GHG emissions of the biomass and NGCC pathways for the Atikokan
P40 10 ] =TT =1 1 T= 1 [ TR 121
Figure 84. Comparison of GHG emissions produced for the biomass and NGCC pathways for
the Atikokan-Thunder Bay 500,000 SCENANO. ......cceeeeeiiiiiiiiiiieeeeeeeeeetiiee e e e e 122
Figure 85. Cumulative GHG emissions of the biomass and NGCC pathways for the Atikokan-
Thunder Bay 500K SCENANIO .......ccciiiiiiiiiiiiiiiieeee e 123

The Pembina Institute X Biomass Sustainability Analysis



List of Tables

Table 1. Scenarios included in the sustainability analysis ............ccccvviiiiiiii e, 4
Table 2. Criteria and indicators to estimate environmental sustainability .................cc.o.oooeei. 12
Table 3. Criteria and indicators to estimate socio-economic well-being............cccceeeeeeeeeeee. 12
Table 4. Breakdown of 2M ODT 0Of DIOMASS ......cuuuuiiiii e e e 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 ................ccooooeie. 21
Table 7. Forest carbon pools included in this analysis............cooeii 24
Table 8. Sensitivity analysis on the definition of forest dependence ..............cccccvieieniiiinninn, 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

YIS BT =T = 1 o 33
Table 11. GHG emissions (CO.elyear) by biomass activity type for the BAU + 2 M ODT

RS o= o = g o 37
Table 12. Annual GHG emissions by biomass activity type for the MSH scenatrio for the Boreal

2T lo ] IS I (0] =) A = To 10 £ 1< TS 39
Table 13. Description of carbon account framework used to compare biomass and natural gas

RS o= 0 =g 0 1 40
Table 14. Labour force (LF) contribution for the BAU + 2M ODT scenario ..........ccccceeeeeeeeeeenenns 45
Table 15. Social well-being results for the BAU + 2 M ODT SCENAIIO .....uuueeeeeeiiiiiiiiiiieiieeeeeeeean, 46
Table 16. Estimated GDP contribution ($ millions/year, discounted at 4%) from the biomass

sector to Ontariobs GDP f aur..t.he..BAU. . £..2.48M ODT s
Table 17. Labour force (LF) contribution (full-time equivalents) from the MSH scenario. ........... 48
Table 18. Social well-being results for the MSH SCENANIO........cccoveeviiiiiiiiiiiie e 49
Table 19. Estimated GHG contribution ($ millions/year, discounted at 4%) from the MSH

LSt =1 = 1o RPN 49
Table 20. List of TAC members that participated in this project...........ccccceeeieiiiiiiiiiii e, 57
Table 21. C&I for management planning, monitoring and compliance................cccoeeeeeeeeeeeeeeenn. 60
Table 22. C&I for renewable reSOUICE USE ........ccooeeiiiiiii e 61
Table 23. C&I for greenhouse gas emissions and forest carbon cycle ...........cccccciiiiii i, 62
Table 24. C&I fOr @ir @MISSIONS .....eeviiiiiei e e e e e e e e et s e e e e e e e eaaataaasaeeaeeeennnes 62
Table 25. C&I for soil quality and site produCtiVity ...........cooooeeeiiiii e, 63
Table 26. C&I for hydrology and water QUAIITY ............oooiiiiiiiiii e 64
Table 27. C&I for biodiversity and terrestrial habitat..............ccooee e, 65
Table 28. C&I for social-economic Well-DeiNg..........coovviiiiiiiii e, 66

The Pembina Institute Xi Biomass Sustainability Analysis



Table 29. C&lI for i nd.i.g.e.no.u.s..p.e.o.pl.e.d.s..r.i.g.lb69 s

Table 30. C&I for community ENQAgEMENT .........ooiiiiiii i 70
Table 31. Environmental modelling i Main assumptionS ..o 72
Table 32. Socio-economic Modelling ASSUMPLIONS .........ooviiiiiiiiieee e e 73
Table 33: List of material, energy and distance inputs used inthe LCA............cccccviiiieniieeeeeeenne 76
Table 34. Life cycle GHG COEICIENTS .......coooiiiiieeeiee e 80
Table 35. COSt COETfICIENIS .....cceeeeeee e 81
Table 36. FMU numbers for each SCeNArio ..........coooevviiiiiiii 111
Table 37. Change in total carbon stored for the Atikokan 100K, Atikokan 200K and Atikokan-
Thunder Bay 500K SCENANOS .......cccviiiiiiiiiiiiiiiie ettt 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
LYot = 0 = o RSP 118

Table 41. Estimated contribution ($ millions/year, discounted at 4%) from the biomass sector to
Ontariobds GDP for the..At.i.kokan..100K..s.cel2bari o

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

Table 43. Estimated contribution ($ millions/year, discounted at 4%) from the biomass sector to
Ontariobds GDP for the..At.i.kokan..200K..s.cel2bari o

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

Table 45. Estimated contribution ($ millions/year, discounted at 4%) from the biomass sector to
Ont ari ods GDP -Thunder Bay BOOKAscendtia..K..a.n.......ccceeeeeeeeiiiininnnnnnn. 125

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

The Pembina Institute Xii Biomass Sustainability Analysis



Executive summary

The Government of Ontario has committed to of renewable biomass (herein referred to as
eliminating coatfired power by end of 2014  the MSH scenario)Jnder both of thee

as a step towar ds me edemanog timbar haevesting was assumed to
commitment to fighting climate change. take placainderan environmentapolicy
Becawse of this mandat&®ntario Power wherdoy the total forest carbon stock cannot
Generatio{OPG)is evaluating the feasibility decline over the planning horizoAlso, it is

of converting coafired electricity generating assumed throughout this analysis that the

units to fire(or to cefire with natural gas wood pellets would be used to supfbur
Ontariosourced renewable biomass. electricity generation stations in the province
Atikokan, Thunder Bay, Nanticoke and

In response to RequestFor Proposaldid,
the Pembina Institute was selected to analyze
existing data sources and information and  Two baseline scenarios provide estimates of

Lambton.

report on the economic, social and forest carbon without an incremental wood
environmentakustainability oklectricity pellet industry. The first baseline scenario
generation from renewable fordstased examines the trends farest carbon in the
biomass.This sustainability analysis is absence of any harvesting (i.e. no forest
conductedn the context of four scenarios, industry) (herein referred to as the No Harvest
chosen by OPG, for the timeframe 2015to  scenario) and the second scenario examines
2115. the trends in forest carbon under the current

businessasusual harvest rates in the province

To guide the sustainability modelling and (hereinrefarred to as the BAU scenario).

analysis it is critical to define what is meant
by fAbi omas soThadsfiniton of a lEiviail tuya.t i ng t he sustainabi

renewablebiomasghat was adopted fdhis proposed use of forebased biomass involves
report is defined by the United Nations defining and modelling a range of forest,
FrameworkConventionon ClimateChange. carbon and operational parameters for the

forest landbase being considefed
specifically theforest management units
(FMUs) operating in the Boreal and Great

Thesustainability analysistudiesfour
scenarios in totatwo baseline scenarios and

two future scenarios where forgsised Lakes St. Lawrence (GLSL) forest regions of
biomass would be harvested to supply Ontaria This requird the use ofhe Ontario
biomassfeedstock for pellet productiofhe Ministry of NOMNR) al Resou

first future scenarids to supply twanillion Provincial Impacts AssessmteéViodel that
oven dried tonnes (ODT) of wood pellets as a;nornorates forest daon poals, life cycle

coproduct to a (BBUWSsI ng§FemBsionstefficehtLand direct cost,
forest industry (herein referred to as the BAU o\ anue and employment multipliers to
+ 2 M ODT scenario). The othérture provide outputs for theustainability criteria

biomass scenario is to examine the maximumgindicators The results for these indicators
volume of wood pellets that can be co _ %r%prsesented in Chapter 4

produced from forest operations@m t a r i
Crown land while still meeting theefinition

The Pembina Institute 1 Biomass Sustainability Analysis



To assess the potentialpactsof using forest e There are a variety of biomass resource

based biomass on fored¢pendent types available for pelletrpduction in the
communities, we have developed a social province and these resource types have
well-being modelling framework to estimate a  unique impacts on forest carbdife cycle
suite of socieeconomic indicators that GHG emissions and cosfkhis analysis
contribute t o -beingcThenmu ninhdicated that theepridrity biomass sources
results for these indicatorsegpresented in include: sawmill waste, forest residues
Chapter 5. from logging, lowgrade wood volmes,

: . . and salvage wood volumes pdise.
The results of this analysis contribute to the g pés

on-going discussion related to biomass e High-grade timber volumes are not
sustainability specifigpeciically@be&a® beiahebotrtedos t s i n
utilizing biomass for electricity generation. As  energy production in this study. All

well, given the focus of this analysis and its biomass resources are composed of waste

relevance to the business strategy of OPG and  (forest residues and sawmill waste), fow
policymaking in this area for the Government grade timber volunmgand non

of Ontario, it is important to highlight the merchantable timber volume in clearcut
most salient findings from this work. stands.

The following key findings are supported by ¢ The use of biomass for electricity

this analysis: generation at a level of 2M ODT/year
produces an average net contribution of
0.26 MT CO.elyear Figurel13) taking into
account both lifecycle 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,

e Harvesting of forestibmass for electricity
production can be done in such a way as to
not systematically decrease forest carbon
stores over timéFigure7). This outcome
is consistent with the UNFCCC definition
of renewable biomass.

e This analysis viidated that the availability ~ Diomass for electricity generation is
of renewable biomass for pellet production ~ fénewable but on a lifeycle basis is aet
is directly tied to current harvesting source of GHG emissions.

activities on Crown land. Further, the
future supply of renewable biomass for
pellet production is constrained to a
sustainable harvest level b Mm’/year
for the first five years of the analysis
(2015 to 2020) and 20.1 Miyear for the
remaining time periods in the planning

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 by106.0 MTCO,e over the
100-year planning horizon or on avema
1.0MT COse reduction annually. This

nonzon. represents an 80% reduction from the

¢ In Ontario, there is a sustainable letegm natural gas pathway.
flow of 2.9M ODT at existing harvest _ o _
ratesin the Boreal and GLSL fest e The social welbeing impacts associated
regions Figure44). Further, additional with introducing a biomass sector to the
biomass at an average of 3.1 M ODT, is province (as per the BAU + 2 M ODT and
harvestdat arate of .1 Mm?year MSH scgna_nos) is not expect_ed tokaa
(Figure59). substantial impact on the social outcome

variables examined. However, a biomass
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sector in the province (as per the BAU + 2 Ontarp will experience economic gains from

M ODT and MSH scenarios) would create using an energy resource that can be

more than 3,569 and 5,779 new ftithe sustainably sourced within Ontamnather than

jobs (Tablel4 andTablel7), respectively importing fossil fuels. As such, there will be

over 15 years (2013030). additional financial resourseavailable that

could be considered for investment ine&sch

e Aswell, from the BAU+2MODT and  and development to drive improvements in

MSH scenarios we could expect an biomass processingore efficient

average annual contribution to GDP of  ¢ompystion technologie and innovations
$590 million (Table16) and $729 million along the biomass supply chdnall of

(Table19), respectively. which will enhance the overall viability of
biomass as a longrm source of energy for
Ontaro.

There are a number of business and
sustainability recommendans that can be
made from this analysis:

e Using biomass for wood pellet production
as a substitute fuel source for coal and
natural gas will lead to namingful
reduction in GHG emissions. As such, the
focus of new generation station conversion
should consider biomass as a priority
feedstock.

e |If OPG chooses to proceed further with
converting additional coal power plants to
utilize renewable biomass, cadsration
should be given to sourcing some volumes
of biomass from sustainabipanaged
private landsnd agriculture resourcés
ensure the longerm viability of biomass
supplies, in the event that the forest
industry does not recover.

¢ To enhance the lat economic
development potential of using renewable
biomass for electricity production, OPG
should encourage pellet providers to locate
their pellet plants in communities,
including Aboriginal communitiesviany
of these communities are forest dependent,
and focusing longerm investments in the
biomass industry in these communities is
likely to provide the most benefit for each
dollar investedn a biomass sector

While not examined in this analysis, it is to be
expected that OPG and the Province of
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1. Introduction

1.1 Purpose and scope

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

a step towards meeting Ontar i d8ecausemfithisi t ment
mandateQOntario Power Generatid®PG) is evaluating the feasibility of converting cdakd
electricity generating units to fi@r to cefire with natural gaswith Ontariosourced renewable
biomass.

In response to Requestor Proposaldid, The Pembina Institute was selected to mrebeand
analyze existing data sources and information and report on the economic, social and
environmentasustainability oklectricity generation from renewable forésised lmass.This
sustainability analysis, is conducted in the context of four simsn@hosen by OPG, for the
timeframe 2015 to 2115. The four scenarios are preseniablal.

Table 1. Scenarios included in the sustainability analysis2

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

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

'For mor e i nf orsmaatphasenoutcammiOnert, pleaseovisit
http://news.ontario.ca/mei/en/2009/09/ontamtostphaseout-plan.html

2 A more detailed account of these scenarios is provid&edation3.1

% At a rate that sustains a nrdecliring forest carbon balance over timgative toBAU.. It is alsoimportant 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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Introduction

Maximum sustainable MSH To understand the long-term (100-year) trends in
harvest* 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 okftanascin
total: two future scenarios where forestsed biomass would be harvested to supply feedstock
for pellet production and two scenarios that serve as baseline estimations of forest adon
wood pellets would be used to supply four electriggperation 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 pedi@tiction 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).

“ At a rate that sustainsmn-declining forest carbon balance over tiretative toBAU. The Maximum sustainable
harvest scenario defined here should not be confused

® Forest carbon is defined dsetamount of carbon storéuliving and dead foredtiomass This includes carbon
stored in abowground biomass, beloground biomasand conventional wood product pools (lumber, paet
fibreboard

The Pembina Institute 5 Biomass Sustainability Analysis
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ONTARIO

E:) Ontario
Forest Management Units in Ontario - April 2010

Plan Renewal Year

[__]2010°%
_J=01°
[ 2012
» k.
B 2014
B Parks

* Forest Management Plan Phase 1
** Forest Management Plan Phase 1 or Phase 2

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.

The Pembina Institute 6 Biomass Sustainability Analysis



Introduction

\ -PEMBINA

fitete
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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 greenhousem@smnsas | ndi cated i n OPC
Sustainable Development polfcyAs such, a number of key questions related to the GHG

balance of this initiative are addressed in this analysis. These questiana k en fr om OPGO
Request For Proposahclude:

e Do On ¢ faresis setve as a carbon sink unddualre biomass harvesting
scenarios?

e Are there circumstances where forest harvest to supply biomass for electricity
production causes the level of carbon stocks to systematically decrease over time?

e Are there aicumstances 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 carborindicators in a way that adequately addresses the above questions.

Further, the sustainability analysis is expecteeMauate a number gbcial, economic and
environmental aspects of sustainability.

® http://www.opg.com/safety/sustainable/index.asp
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The scope of the sustainability analysis includasa@o-sourced forest based biomass from
existing forest operations. The sources of biomdissussed in more detail Table5, that are
assessed within this study include:

o forest residues (logging slash): tops, limbs, brantioas the Boreahnd GLSLforest
regiors

e nonmerchantable wood from the Boreal forest region and GLSL forest regions
¢ low-grade merchantable wood volume from @leSL and Borealorest region

e surplus sawmill residues in all forest management units (i.@erdly unutilized
residues)

e salvage logging from burned forest stahidshe Boreal and GLSL forest regions

In order to keep the scope of this analysis manageable the follapntigs

e The focus of thanalysis is othe production of wood pellets withindustrial managed
forests. As such, singlepecies and mixespecies plantations (e.g. willow, hybrid
poplar and genetically modified forest plantatiotafforestatiort,andagroforestry
activities® areconsidered out of scope.

e The expected combush technology being considered by OPG is fixed in the short
term; therefore an extensive review of best available technologies for usingrased
pellets is out of scope.

e Only woodbased pellets from Onia are withinthes cope of QRGOS proj e
imports of wood pelletsutside of Ontari@are not considerediherefore whemssessing
sustainability aspects of biomass harvesting and transportation activities-&mugco
only data and information pertaining to Ontario operations is included

e High gade 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), lowgrade timber volumes and nomerchantable timber volumes

(i.e. pulpvood).

1.2 Defining biomass sustainability

To guide the sustainability modelling and analysis it is critical to define what is meant by
frenewable biomassd0 T h e d eefiewable bidmadhat wak adopted for this report is
defined by the United Natioriramework Convention on Clima@hange which reads?

"The types of natural distoances in our modelling were restricted to burned forest stands as this was a modelling
component available from OMNR.

® Natural Resources Canadi€anadés Forests (Glossa)2010, http://canadafests.nrcan.gc.ca/glossary/p.

? Intergovernmental Panel On Climate Charfgpssary of Terms used in the IPCC Fourth Assessment Rejport,
Contribution of Working Group Il to the Fourth AssesstriRaport 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/glossarwg84pdf.

19 Agriculture and Agrifood CanadafiAgroforestryp, 2010, http://www4.agr.gc.ca/AARBAC/display-
afficher.do?id=1177431400694&lang=eng.

M"UNFCC. fAAnnex 18: Definition oftMeahaniem EBIA3Rep&tipy.masso Cl e
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Biomasdrom forestland$ s fAr enewabl e 0 itWwocanditiens appliess he f ol |
1. The biomass is originating from land areas that are forests where:
(a) The land area remains a forest; and

(b) Sustainald management practices are undertaken on these land areas to
ensurejn particular, that the level of carbon stocks on these land areas does
not systematically decreasger time (carbon stocks may temporarily
decrease due to harvesting); and

(c) Any nationalor 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 definitionis used to guide the development of the potential sources of biomass for wood
pellet production.

1.3 Assumptions and limitations

When examining the four scenaridgs important to consider that a number of assumptions are
required to enable a maesgale 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:

e [Forest management policy in the province of Ontario captures the essence of
sustainability*> Therefore, criguing existing forest management policy and practices in
the province is out of scope of this work.

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

0\

revi ew. These scenarios &2masiontodndedttao nrad

using foresthased biomass €iring electricity production.

e Thebiomass thera combustion technologidsr electricity generation, for the purpose
of this analysisis fixed. This report does not examine other wood péléeted
technologies, nor other forms of renewable energy. This report assumes that the two
fuel types availabléor the four generation stations outlined above are natural gas and
wood pellets.

“Government of Ontario. fACrown For eipt//mBwest ai nabi |l ity
laws.gov.on.ca/html/statutes/english/elaws_statutes 94c25 e.htm
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1.4

This report assumes thisie current forest industry in the province has been in decline
for at least the past five yeailis decline has driven down the actual Crowrlan
harvest level and nearly eliminated the pulp and paper inditkivyever, government
intervention via the wood competitivengsecesss expected to lead to full production
being reached in the forest sector by Z03Bstimations for available biomas®dased
on future harvest levels and these assumptions are captured in Sektion

Low-gradé” timber volumes in GLSL region are currently not commercially viable for
traditional wood product markets, therefore harvestingusimt 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 ap@per industr¥?. 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.

Outline of report

This report is structured into five sections:

Chapter Zorovides a summary of the sustainability analysis framework used to evaluate
the environmental and social wking aspects of biomass sustainability.

Chapter Jrovides details on the environmental andiaovell-being modelling
frameworks used for the sustainability analysis.

Chapter 4discusses and summarizes the environmental indicator results from the
analysis.

Chapter 5 discusses and summarizes the sociabelty indicator results from the
analyss.

Finally, Chapte6 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
forestbased biomass for electricity production.

13 This assumption is not based on any market analysis inf@mbut by the expectations of future forest sector
growth, as indicated by the project Technical Advisory Committee and Ontario Ministry of Natural Resources.

1 ow-grade is equivalent to pulgrade wood products.
15 Currently the pulp and paper industgnsumes 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@@ewed sources.
Appendix Bpresents the full criteria and indicateamework 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 sustainabylianalysis, and to create a manageable and representative
sustainability indicator framework, the following set of guiding principles was devef8ped:

- Meaningful:t he criteria and indicator provides ¢

decisionmaking relatd to using biomass efiring 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 chisnge
the forest biomass suppthain. 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 peeviewed sources and expert opinion

andthe 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 sustaireibdity b
considered. For example, so@oonomic impacts are centred on forgspendent
communities in regions where the majority of the biomass harvesting is likely to take
place.

Using the above principles, modelling criteria and indicator frameworksdeeedopedo
evaluate thenvironmental sustainability and so@oonomic weHbeingof using foresbased
biomassTable2 andTable3 provide a summary of the criteria and indicator used in this
analyss.

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

®reedback on each of the indicator frameworks was

The Pembina Institute 11 Biomass Sustainability Analysis
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Background: Measuring biomass sustainability

e Criteria T conditions that have to be fulfilled for an operation to be considered
sustainable or to be eligible for certificatibiCriteriaare linked to objectives arthve
to be operational and measurable

¢ Indicators i metrics that are used for the measurement of criteria to verify whether
criteria are met and principles are obsertfed.

As in all modelling exercises, it is important to consider the units of all indicatdssisTthue for

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

COq€elyear), those indicators are directly estimated in the model. Where the units are expressed

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

Table 2. Criteria and indicators to estimate environmental sustainability

Criteria Indicator Units
Forest-based biomass use for Direct GHG emissions from Tonnes CO.e / year
electricity generation is at a forest-based biomass supply-
minimum, carbon neutral over the chain
life of the project .
prol Change in carbon stored Tonnes CO.e / year
Carbon balance of forest-based Tonnes CO.e / year
biomass
Biomass production does not lead Dead organic matter Yes / No
to soil degradation (non-declining volume
constraint)
Maintenance of high natural value Serial stage distributions™® Yes / No
areas (area target based on
existing policies)
Habitat distributions® Yes /No

(area target based on
existing policies)

Natural disturbance processes are Timing and intensity of natural Yes / No
accounted for disturbances are accounted for (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

" A minimum of Forest Stewardship Council certification is assumed to be anleaiselustry standard.

18 3 vandam, M Junginger, et aiQverview of recent developments in sustainable biomass certificaBamass
and Bioenergy82, no. 8 (August 2008): 74880, doi:10.1016/iombioe.2008.01.018,
http://linkinghub.elsevier.com/retrieve/pii/S0961953408000147.

YSerial stage distributions are outlined in OMNR®Ss
http://www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/258507.html

2 Habitat distributionsare ut | i ned in the OMNR&s Landscape Guides:

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

The Pembina Institute 12 Biomass Sustainability Analysis

Lanc



Background: Measuring biomass sustainability

economic well-being employed by sector
Median and family income $ / person,$ / family
Coqtribution to educational % increase
attainment
Prevalence of poverty % of homeowners

spending more than
30% of income on
major payments

Contribution to unemployment rates | % change

Biomass production contributes Contribution to GDP $ / year / sector
to local and national prosperity
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3. Modelling framework

A modelling frameworkprovides the ability to use existing data sources to estimate the potential
outcomes in key environment@hdsocb-economic indicators. The models presented measure
the trends and annual or periodic (by decade) changes in key inditatorthis case,drest use
impacts from electricity generation using Ontasaurced forest biomadsigure3 presents the
modelling framework defined for the biomass sustainability analysis.

Define Modelling
Scenarios |
¥
Define Source of
Biomass |

|

Defining the Biomass
Co-firing Activity Map |

— |

Lifecycle GHG ‘ Project Costs & ‘ Forest Carbon

Emissions Accounting Revenue Estimation Accounting

l

Social Well-being Model

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

UsingFigure3 as a guide to the modelling framework, the sections below outline the following:
e Future biomass sustainability scenarios
e Potential sources of bicass volume for input into wood pellet production

e Biomass sustainability modelling methodoldgglescribes the models and data inputs
used to estimate the variables needed to estimate the Biomass Sustainability indicator
framework (as detailed ihable2 andTable3)

e Outlines model validatioprocess used to test the confidence of the modelling results

3.1 Future biomass sustainability scenarios

OPG defined the following scenarios to be evaluated througlstistainability analysis to
provide an indication of the impact of biomassficmg:
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Modelling framework

Scenario 1: No Harvest (NH)

e Examines the longerm trends in forest and forest carbon dynamics over the 100 year
planning horizorwhen there is no harvesting on the @ndand base.

¢ Includes impact of forest fire disturbances using an average annual burn fraction (See
Appendix D.

Scenario 2: Business as Usual (BAU)

e Examines the longerm trends in forest and forest carbon dynamics thest00 years
planning horizorwith the existence of a traditional forest industeyvesting for the
current wood products: (lumber, pulp and paper and oriented strand board (OSB).

e Harvest level of & million cubic meters per year (Mttyear) for the first 5ears
starting in 2015increasing to &arvest level of 20 Mityear for the remainder of the
100-year planning horizgras shown irrigure4. Thisprojectedharvest level is based
on expert opinion and feedback® m t he project 6s Technical

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

e Provides a harvest volume and forest carbon baseline to assess changesmaittieg
scenarios

25

20— -

15 —

ST T T

Volume of Timber Harvested (Mm3/10 yr period)

0 T T T T T T T T T T 1
2015 2025 2035 2045 2055 2065 2075 2085 2095 2105 2115

———Boreal Timber Harvest =—=GLSL Timber Harvest Total Timber Harvest

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

211t 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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Modelling framework

Scenario 3: BAU plus 2M ODT biomass (BAU + 2M)

Examines the longerm trends in forest and forest carbon dynamics avd)0 years
planning horizorwith the existene of a traditional forest industry at a provincial Crown
land harvest leveads described above.

Includes theadditionalharvest of #1 oven dried tonnes (ODT) of wood pellets from
forest biomass from the leasbstbiomasssources described in Sectidr2 The
breakdown of the 2M ODT of biomass for
shown inTable4.

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 Percent of total Number of pellet
(ODTlyear) volume required 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 longerm trends in forest and forest carbon dynamics over time with the
existence of a traditional forest industry that is at full capacity with a prai@cown land
harvest level o6 Mm®/yearfor the first five years of the planning horizon and 20.1
Mm?3yearfor the remaining 95 years of the planning horizon (as depicteijime5).

Includes the harvest of a resulting voluaidorest biomass for wood pellet production
(million ODT) from theleastcost biomass sources @ascribed in SectioB.2

Includesimpact of forest fire disturbances using an average annual burn fraction.
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Modelling framework

25
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15

/\/—N
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Volume of Timber Harvested (Mm3/10 yr period)

2015 2025 2035 2045 2055 2065 2075 2085 2095 2105 2115

——Boreal Timber Harvest GLSL Timber Harvest Total Timber Harvest

Figure 5. Timber harvest rates for the MSH scenario.

The choice of future biomass supply scenarios is meant to provide thehd®kor potential
environmentahndsocb-economic impacts from employing fordsised biomass for electricity
gener#éon.

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 foms.reqi
Table5 provides a description of the potential sources of biomass for pellet production that were

examined in this studypection3.3.1provides details on how each of these sesiaf 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

timber volume

Forest Source of Description
Region Biomass
Boreal Forest harvest Road-side slash from whole tree harvested stands and non-
residue merchantable biomass from whole tree harvested stands. This
study assumes that clearcutting is the dominant harvest technique
in Ontariobds boreal region.
Low-grade 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.

The Pembina Institute
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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®® for co-generation. Sawmill waste is used
as a source of biofibre in Scenario 4 only.

GLSL Forest harvest 50% of the bundled slash from tree-length harvest operations in the

residue GLSL forest region is assumed to be available for wood pellet
production. This study assumes that selection and shelterwood is
thedomi nant harvest technique in

Low-grade Low-grade timber volume in the GLSL forest region refers to 70%

timber volume pulp-grade wood volume of white birch, 50% of poplar and 75% of
tolerant hardwood.

Post-fire 50% of the volume from burned stands is assumed to be available

salvage 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

Forest residues from the Boreal
Forest residues from the GLSL
Low-grade residues from the Boreal

a bk~ w0 DN

Low-grade timber volume from the GLSL
6. Postfire salvage volume from Boreal or GLSL.
Theseassumptions align with similar studies on this tpic.

3.3 Biomass sustainability modelling methodology

Evaluating the sustai nabi-basetlyiomaskinOlr&Sdesning r op o s
and modelling a range of forest, carbon and operational pteesrfor the forest landbase being
considered specifically the FMUs operating in the Boreal and GLSL forest regibims

requires the use of A&shbshnRAVodelRataneorporates fotest| mpact s
carbon pools, life cycle GHG emissions dm#énts and direct cost, revenue and employment
multipliers to provide outputs for thedicators presented in Chapter 4

% 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.

BZJon McKechni e eeetgy ax Forest Bafbon? Assdssing iheTeftkin Greenhose Gas
Mitigation with WoodB a s e d Bhwrenmental 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 socieconomic indiators.

3.3.1 Life cycle activity map i Biomass combustion for electricity

Figure6 displays a life cycle activity mdjpr the activities included in this analysis. The

coloured activities (grey and orange) denote those activitiesdlatdeen excluded from the
analysisThe clear activities denote those activities that are specific to the biomass supply chain
and represent the incremental activigasociated witharvesting biomass for pellet production.
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Biomass Pellet Production Activity Map

A. Commissioning

Al. Produce Steel

Includes cost in life cycle but not emissions
Emissions assumed to be negligible

AB6. Retro-Fit Facility

A2. Produce Equipment

A5. Transport
Materials and Fuels
A3. Produce Concrete

A8. Construct Pellet Plants
A4. Extract Fuel

\

A7. Build Forestry
Roads

B. Operation

FOREST RENEWAL

BS5. Greenhouse n . A B9. Pre Commercial [ P
[ Operations J [Be. Produce Femllzer] { B7. Planting J t B8. Scarification J [ Thinning (PCT) t B10. Herbiciding J

BOREAL (Whole Tree Harvest) GLSL (Tree Length Harvest)
Residue Pickup Non-Merchantable & Merchantable Merchantable Non-Merchantable & Residue Pickup
(Roadside) Low Grade Low Grade (Forest)

into CRLs

[ B2. Chip at Roadside ] [ B2. Chip at Roadside ] [51. Harvest-skid-slashJ | B1. Harvest-Skid-Slash I B2. Chip at Roadside I | B4. gkiddC%Ls to
oadside

B18. Road Transport
to Sawmill
Logging Trucks

B19. Saw Lumber
Products

Sawn Lumber Products Pellet Plant
Waste to Pulp Mill

v

[31. Harvest-skid-slashJ [ B3. Bundle Residue ]

B11. Road Transport to B11. Road Transport to

Pellet Plant

B12. Pelletize Biomass at Pellet Plant
B20. Fuel Extraction,
Processing and
Transportation \]/

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

)

[ B14. Combust at ] [ B15. Combust at ] [ B16. Combust at ] [ B17. Combust at ]

Atikokan Lambton Nanticoke Thunder Bay

C. Decommissioning

{ Cl. D:t:zrirl:tr;lssmn ch_ Transport maleriaIsJ—)[ C3. Recycle Materials J—)l C4. Landfill Materials J

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 biomsssnario®n Crown land in Ontarjove used a

provincial forest management planning model developed by Ontario MinistrytafdNa
Resource$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 soegzonomic indicators outlined ifable2 andTable3. 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 forogeproduction was conducted
using another provincial forest management model called SFMM and the FORORNRB
modef*, which are similar to the provincial planning the models but differ in assumptions and
some of the underlying data sources used, whigkesidirects comparison of the modelling
results difficult.

Within the PIAM, forest features are represented for each forest region bytgsndreas, stand
yields and ec@ite. The model also defines natural and huindoced stand transition patterns,
and possible actions taken ByIU forest managers. THAM 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 Sustainabilfty

The data sources used to compile the area files, forest stand timber yields, natural ard human
induced forest stand transition patterns, and forest management actions are sourced from primary
data sets held by vario@ntariogovernment departmenfBable6 outlines these departments

and the datéheyprovided to support the model used for gumlysis

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

Organization Primary data sources used
Ontario Ministry of Natural Resources Forest growth and yield data
(OMNR) 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

#See: Jon Mc Ke c h renesy ce Forest Carbor?® Rssassng the THsiflsin Greenhouse Gas
Mitigation with WoodB a s e d Hawrenmental Science and TechnolglyyPres9

% 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 (FiguneiBjin theseforest regionsThe 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 provinciarea?®

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 objectivetiimthat was to meet the harvest level.

For the BAU and BAU + 2 M ODT scenarios this reflects the harvest level shdvigure4.

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 dedtnesinhcarbon

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

pelletization, transportation to generating station and combustion at generating Athtien.

stages considered in the life cycle are showkigire 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 includggbendix E

ISO life cycle guidance document4040 and 14044have 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 déail below with supporting information available Appendix E

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 projegir@ect team started by
researching and reviewing literature related to Ontario forestry, pellet production and pellet
combustion foelectricity generationWe 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
OPGO6s Ati kokan, Lambt on, Nanticoke and Thu

- Will using biomass pellets be a net GHG benefit?

®Government of Ontario. fAState of Ontariods Forests 20«
onlinehttp://www.mnr.gov.on.ca/en/Business/Forests/2ColumnSubPage/STEL02_179267.html

271S0, "EnvironmentaManagement Life Cycle AssessmentPrinciples and Framework," iSO 14040:2006(E)
ed. ISO (2006).
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e Scopingis where the boundaries of the life cyalealysis 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 woulddeermined and allocated. These points are
discussed in more detail as follows:

- Functional unit T A functional unitfor 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
OPGG6s tot al estimated pell et demandwoand t h
million ODT pelletsin scenario 3. The functional unit for scenario 4 is the maximum
harvest level allowable in Ontario.

- System boundaryi Boundary selection is th&ocess of determining which activities
should be quantified as part of the life cycle. 8ppendix Efor further information

- Allocation proceduresi Allocation has not been performed in this study.

- Indicators assesseil GHG emission&® arethefocus of this study to determine the
carbon balance of using Ontario forestrived biomass for electricity generation

¢ Inventory assessmeninvolves the collection of data sources and quantification into life
cycle stagesWe first revewed existing studies performed for OPG by Z#aagd
Norbridge® and then incorporated additional information sources with guidance from the
Technical Advisory Committee. Ség@pendix Efor a list of data sources.

¢ Impact assessient evaluates whether the environmental impacts that occurred as a result
from the project are significant in a broader contkxthis study, impact assessment is only
performed for GHGs and soeexonomic indicators and this report, in its entiretyhes
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 thditeraturefor this report we identifiedan abundance of research on the area of
forest carbon sequestration. In fact, one study found that in 2007 therewset€0 papers

related to forest diorest productgarbonsequstration, 80%of which were published since

200Q>! This report builds on this past research by including inventories of biomass resources for

2 COequivalent, which includes GOCH, and NO,using a Global Warming Potential (GWP) of 1 for 21 for
CH, and 310 for MO

% 7Zhang et al. 2010. Supping Information for Life Cycle Emissions and Cost of Producing Electricity from Coal,
Natural Gas and Wood Pellets in Ontario, Canada

%9 Norbridge. 2010. Biomass Logistics Study Phase Il Final Report.

¥ Henniagr, Chris et al. A novel approach to optimiznagement strategies for carbon stored in both forests and
wood productsForest Ecology and ManagemeNbl. 256 (2008): 78&797.
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electricity generation and estimating the corresponding life cycle GHG emissions and costs
associated witlising hebiomass from the forest to the generating statfon.

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 forst carbon values to forest stands in the PIAM, forest carbon estimation parameters
were used from the Canadian Forest Ser{@f€S)Carbon Budget Model (CBMCFS3). The
CBM-CFS3 is a forest ecosystems dynamics simulation model developed by the CFS Yor use b
forest managers and analysts to estimate and track forest carbon as it shifts among the forest
carbon pools?

The CBM-CFS3was used to convert stand projectionafdwoodandsoftwoodspecies
merchantableolume (%ha) into carbon (C)stored in livirg biomass (stem wood, foliage,
stumps, branches, bark, coarse fane roots) andlead organic mattgrools (eaflitter, forest
floor and soil detritusstanding snags and branches, coarse woody debris, andgswiic
matter). Sedable7 for more detail on forest carbon pools used in this analysis.

In CBM-CFS3, livingbiomass is estimated usingerchantable volume to aboveground biomass
expansion parametecalibrated for théntario forest regionsom thenational forest invetory
dataset

Table 7. Forest carbon pools included in this analysis®

Carbon Pool Carbon sources

Living Biomass * Tree stem, stumps and bark
Foliage, branches, tops and roots

Dead Organic Matter*® Snhags and dead trees
Soil organic matter
Coarse woody debris
Leaf litter

Mineral soil

Dead roots

Fine roots

Product Pool Carbon Combustion of wood pellets

321t should be noted combustion emissions from the burning of wood pellets in the generating stations are not
included inthe 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.

%3 Kurz et al. fiRisk of natural disturbances makes futuretdbation of Canadé forests to the global carbon cycle

highly uncertaim Proceedings of the National Academy of ScieBog908): 15515

#¥Kul | et a l-ScalgiCanban Buadget Modebof the Canadian Forest Sector {CB&B) Version 1.0:
Userwisde® Canadian Forest Service, Northern Forestry Ce
% The living biomass or Above Ground Biomass Carbon pool represents 32% and 33% of the carbon in the Boreal

and GLSL forest regions in thed®incial Impact Assessmentddel, in the absence of harvesting.

% The Dead Organic Matter Carbon pool presents 68% and 67% of the carbon in the Boreal and GLSL forest
regions in the Rwincial 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 inding 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 fro@BMeCFS3 through direct

conwersion of merchantabtémberharvesto the volume of carbon delivered to millsThe

volume of merchantable timber destined for mills was determined by using existing wood
utilization statistics gathered by OMNR.

To estimate the balance of carbon renmgnn wood productsneductcarbon decagurveswere
defined forthree harvestd products(softwoodsawlogs hardwood sawlogs, and pulpwood logs),
which were then converted intloree wood product pools, namely construction lumber, other
lumber (flooring,particle board, panels, etc.), and pdpdthe expected carbdastfrom mill
processing or released from product agingassferred immediately to the atmosphere (assumed
to be burnedor fuel or waste), recycled, and/or deposited in landfills.

To canduct the comparison between the biomass pathway and the NGCC pathway an Inventory/
Periodic accounting framework is ué®tb calculate and compare the change in carbon dioxide

the atmosphere experiences. In this framework changes in the total forestaswiell 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 f orsrotabcarbob decreases aer aivengime pariod or e s
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 ithdrawal 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 peoodic

change in total forest carbon.

Henni gar et alhtoofitimize nmoageenént sirgiegiesdoacarbon stored in both forests and wood
pr o d FargastEcology and Managemevl. 256 (2008): 78&797.

38 Appset al.fiCarbon budget of th€anadian forest product sector. Envi ron. Sci 2540l . Vol . 2

395006 of the carbon in landfills is expected to degrade at a rate of 1% in equal proportiahsaofCH,. For
more informationsee:NCASI, 2007 .fiThe greenhouse gas and carbon profile of the Canadian forest products
i n d u Natiomal .Council for Airand Stream Improvement, Inc. ReseaFdangle Park, NC Special Report No.
07-09

““Charl ene Watson. AfForest Carbon Accounting: Overview
Development Program (UNDP) (2010), available onlhtg://www.undg.org/climatechange/carbeon
finance/Docs/Forest%20Carbon%20Accounting%®2200verview%20&%20Principlgsdf
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3.3.5 Costs and revenue estimations

To understand the size and distribution of the economic impartgbiomass is likely to have
on the province and the communities adjacent to the forest resource, a projectarmbting
revenue estimation was conducted based on the activities depicted in the activifrguegsy.

Generally, studies that estimate the GHG emissions associated with particular forest harvesting,
transportation, pellet produch and combustion activities also estimate the economic foosts

these activitied" 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 economioutput, labour force demand and contributions to GDFhe labour force
information, which is an output of the economic costing component of the project, is used as an
input into the social welbeing model. Further discussion of these linkages are fiouthe

following section.

The costing of the biomass supply chain was conducted by multiplying a set of dwsety per
unit costs ($CAD/r) to volumes of wood harvested as it moved proportionally along the
biomass cdiring supply chain (stump to flugtack). The range of costs applied to the model
were gathered from peeeviewed academic studies and government commissioned consultant
reports’ One area of costing that requires mention is the estimation of transportation costs,
which influenced the pteement 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?1AM regarding which forest management units produce the
highest volimes of forest biomass.

e A pellet transportatin 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 statior{¥.

The information from these sourceaswsed to place the pellet plants in a feast manner.
We then referenced the location of the wood pellet plants with existing mill facilities in the

1 Zhang et al, Rajvic et al, McKechnie et al.
“2 SeeAppendix Ffor more information
“Del oitte and To antdog studyifWwthefdrests ef Norte Easteggzi Ontariae s h f | ow model s

August 26th, 2008; KPMG. AWood pellet plant cost for Al
Great Lakes St. Lawrence Foresto September 23rd, 2008.

“**Included in theransportation logistics study was an optimizafi@msed analysis of costs for transporting wood
pellets to generating stations using a similar geographically placed and production scaled pellet manufacturing
facility. The modelling analys included truk, rail and ship.
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province and the result was alignment between the wood pellet plants existing mill facilities in
the povince®

3.3.6 Social well-being modelling

One key piece of 1 nfor mat i-rakingtremted to usiag bomassst i ¢ a |
in existing generation stations is the impact oftileenass suppkghainactivities on

communities that rely on therest resource for their livelihood (i.e., foregpendent

communities). To assess the potential imp#wsusing forestbased biomass is likely to have

on forestdependent communities, we have developed a sociabely modelling framework

to estimée asuiteofsocle conomi ¢ i ndi cators t hat-beiogolht ri but
should be noted that there are a wide variety of quantitative and qualitative approaches to
assessing welbeing for communities. The approach adopted here was charste ffollowing

reasons:

e |t 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.

¢ |t enables the measurement of a broatksefi meaningful indicatorthat areof
importance to socieconomic sustainability.

e |tinvolves a quantitative analysis that has been tested and validated in previous studies
and therefore data sources are availdble.

The past research on forest dependearad socigeconomic outcomes abmmunitywell-being

states undesirable outconfes communities that increasingly rely on forests for their

livelihood #"® While generally negative outcomes are shown with increasing forest dependence,
there appears to bariation, 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 2006tistics Canada Census SDlvision (CSD) data for
CSDs located in Ontari). The initial CSD data set wasduced byemovng CSDs that were

> Feedback from the project Technical Advisory Committee indicated that this position was favourable for
clustering focused forest industry strategy.

“® An analysis similar to the one employed in this study is conducted ongefivdbas s by OMNR for Ont at
State of the Forest Repo#vailable at:http://www.mnr.gov.on.ca/en/Business/Forests/Publication/196959.html

" The negative social outcomes associated with forest dependence has been shown to vary by indicator and by
region. Mostconsistetly, forest dependence has been shown to be negatively correlated with education attainment,
family poverty and unemployment.

St edman et al . AFor est -kkiagirerural @nada vadatiod bydooestsestorandy  we | |
r e g i Gamadial Journal of Forest Researdbl. 35 (2005): 21520.

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 siredmple 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 deffrations
approaches to determining whether a community is fosmtrtlent™>? 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
dependenceFor the purposes of remaining consistent with existing approaches we opted to use
the proportional approachin this approach, forest dependence is defined as proporttotabf
employment (or income) in the forastlustry in a giverCSDrelative to hetotal employment
(income) within the CSDThe area of uncertainty in different approaches lies in the proportion

of employment in the forest sector used as atfub define forest dependencdéhis measure of
forest dependence is problematic for Algaral 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 emploment in the forest sector, our chosen method of using proportional
employment will not adequately capture Aboriginal communities' forest dependence.

Threedefinitionswere considered for estimating forest dependence. These are summarized in
Table8.

Table 8. Sensitivity analysis on the definition of forest dependence

Definition Description Number of CSDs

This data set was constructed by removing
all metropolitan CSDs and those where data 343
is compressed due to the sample size.

Total (non-metropolitan
CSDs)

This data set was constructed by defining
forest dependence as those CSDs where 5%

Moderately forest-dependent or more of employment is generated by the 80
forest sector.
This data set was constructed by defining

Highly forest-dependent forest dependence as those CSDs where 24

10% or more of employment is generated by
the forest sector.

%0 By definition, forest dependence refers to how reliant communities are on the forest sector for employment and
therefae social outcomes.

St edman et al . i Me assewcrtiorr g deegpremudreintcye SodetpeesdNatumlt hod mat t
Resource¥ol. 20 (2007): 62%546.
*2bid.

%3 For a discussion on the pros and cons associated with each of the approaclessitmdssest 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 sbuld be interpreted. For this reason it is worth taking a moment to evaluate each

of three definitions of forest dependence.

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

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

biomass sector, therefore capturing changes in social outcomes as communities become
more forestdependent. However, the results would be interpreted at the provincial

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

likely to occur, as the total employment generated by biomaBeropis small relative

to the total labour force in the province.

¢ Moderately forestdependert: By using a 5% or greater labour force-offtto 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
dekected. However, it should be noted that a 5%oduof 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 aligtistic
significant to labour force changes.

e Highly forest-dependent:By using a 10% or greater labour force-offtto 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 lys&s. However, those communities that are

most | ikely to

be

i mpact

ed wi l

be

capture

predominantly in the Boreal forest region giving a regional perspective to the socio
economic impacts. However, given thealer 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 feest dependence impacts the semtonomic indicatorsThe 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 moderdtrestdependentiefinition for the purpose of providing results from
the social welbeing modelling. Thislefinitionsincorporateshe 5% labour force ctdff. Table

9 presents the descriptive statistics for the social-big 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 0 17 4

in 2005 %

Unemployment rate (Total Pop 15 +) 30 11.88
Proportion of total pop 24-65 with 0 0.21 0.0869
university certificate or degree

Proportion of total pop 24-65 with 0.08 0.38 0.1582
apprenticeship, trade certificate or diploma

Proportion of migrants within the past 5 0.03 0.40 0.1435
years

Average value of dwelling $ $42,326 $236,870 $121,336
Proportion of total population with 0.00 1.00 0.2285
aboriginal identity

* 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 carba 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: thé?IAM has a base year of 2010, while goeialwell-being model has a base year of

2006. The modelling results are presented reflect the time pefitios models; however the
summary and discussion of results is focused on thei 2015 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 datzoaiwl provide an exhaustive
summary of the data produced from the forest, GHG and economic modéfipendix G
provides detailed results from the sustainability analysis for those wishing to explore the
modelling results iimore detail. Throughout the course of explaining the trends in the figures
presented below, many of the figureAppendix Gwill be referenced.

4.1 Total carbon stored in Crown land forests

The results of the sustainabilityalysis 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 UNFC@Efinition of renewable biomass (Sectitr®).

Figure7 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?). 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 ramewal. 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’” Figures 22 to 24Appendix Q demonstrate the change in the two main carbon pools
for the Boreal and GLSL forest regions for the NH scenario.

*¥ Figure21 to Figure23in Appendix Gdemonstrate 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
S Cc e nar iransté mamntin ferest carbon at a minimum of the level resulting from the BAU

scenario.
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Figure7. Tot al <carbon stored in Ontariobds Crown |l and fore:

NOTE: Due to the scale, it is difficult to seefigure?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 carboh canno
systematically decline relative to the BAU scenafiable10 below summarizes the actual

differences between the scenarios.
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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

204071
2050

205071
2060

206071
2070

207071
2080

208071
2090

209071
2100

2100-
2110

Differencein
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

Differencein
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 iorease the MSH harvest rate such that overall carbon stored in the forest
remains constant (i.e. a flat linekigure7), but this would be a significant reduction from the
growth in total forest carbon that ispetienced in the BAU scenario.

As Figure7 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 in2110. Of the total forest carbon, 70% is stored in the Boreal forest réggume

25).

It is important to note ifrigure? that while the volume of forest carbon under the NH scenario

is greater, it des 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 dynan@csven Land

forests. Figure23 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 the forest carbon subsidésgure32 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 B¥®U scenario also holds for the BAU + 20DT and MSH
scenarios, as shown figure41 andFigure56.

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 sianly in terms of total forest carbon stored.
This result leads to one of the key findings of this analygig;h is that biomass harvesting can

be undertaken without negatively impacting forest carssentially, the biomass removed

does not significatty 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 jte up and burn roadide slash (i.e., forest residues)n 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 fatest 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 Secté#, which compares the biomass pathway to
the baseline naturgls 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 b&sgufe4), wood pellet gpplies of 2.3V

ODT®® can be met with additional inventory available to increase the wood pellet supply to a
long-run sustainable supply of 2.9 million ODHigure8 depicts the total inventory of biomass
tonnage available, measdarin ODT, and the tonnage harvested for the BAU + 2 M ODT and
MSH scenarios.

% peter Henry, Ontario Ministrgf Natural Resources, personal communications, January 6th, 2011.

%62 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 requice the 2 MODT 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 dfarvestresidues. Of thisesidue 73%is fromthe Boreal forest region
(Figure4?2) and 12%is from the GLSL region. The remaining 15#fathebiomass is fronfow-
gradé’ timber from the Boreal forest.

Under the MSH scenario, the trends in biomass tonnage inventory and tonnage harvested are
similar afte the 2020 time period. As shownhigure8, 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 regiamsuld result in a decrease in forest carbon stored. This
is supported by the inventory of biomass in the GLSL, shovagare61. However, in 2020

there is a large amount of biomass tonnage available from diéamesting operations in the
Boreal forest region. After this initial volume is liquidated the total tonnage of biomass available

It should be noted that the legrade tmber from the Boreal is expected todmilableat roadside and no low
grade specific harvesting takes place.

%8t is important to note that given the interest inigrade timber volumes from the GLSL forest region, as

expressed by the project Techiigalvisory 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 costtiyf 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 poittébloarvesting the low

grade timber from the GLSL may have reerbon environmental benefits and benefits for private landowiners

issues that are out of the scope of this analysis.
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from Crown forests slowly declines to a lengh sustainable supply level of 2.9 million ODT.

The slow decline in biomassroage 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
roadside slash on a per hectare basis, relative to clearcut harvesting.

For more details on the iemtory of biomass tonnage available under the BAU + 2 M ODT
scenario, refer teigure42 throughFigure44. For more details on the actual harvest of biomass
tonnage sefigure45throughFigure47in 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 inFigure6. 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 GlH@ssions across the biomass pathway it
is important to divideut the emissions by activity typeigure9 presents the breakdown of
GHG emissions for theiomass pathway in the BAU + 2M ODBEenario. As shown iRigure9,
the major sources of GHG emissions are pellet production and transporting pellets from the
pellet production plants to the generating stations.

W Upstream Fuel Production

M Biomass Harvest

H Biomass Transport to Pellet

Plants

M Pellet Production

M Pellet Transportation

H Generating Station
Conversion and Handling

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 tleegrating 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 th€O,-related GHG emissions associated with the burning of wood
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pellets are subtractedfrom the total forest carbon stored (at the time of harves}), rather
than attributed to the generating station at the time of pellet combustion

Under the BAU + 2 M ODT scenario the total periodic Get@Gissionsaaverageapproximately2
megatonnes (MT) a€0.e (Figurel0). 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 additionalwarof 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.

2.5
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2.0
m Harvest

5
B Biomass Transport to

Pellet Plant

1.0 ® Pellet Plant

0.5 H Pellet Transport to GS

GHG Emissions ( tonnes CO2e/ 10-year period)

B Generating Station
Conversion and
Handling

0.0
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110

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

Tablel1 presents the annual breakdown of GHG emissions by biomass pathway activity type.
As mentioned aboyéhe man source of GHG emissions from the biomass pathway, besides the
combustiorrelated emissions, are the emissions associated with pellet production and
transporting pellets to the generating stations.

Table 11. GHG emissions (CO,elyear) by biomass activity type for the BAU + 2 M ODT scenario

Biomass Pathway Activity GHG emissions (kg CO.e / 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 313 31.4 314
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Generating station conversion and handling 8.1 8.1 8.1

Total Annual GHG emissions (kg CO,e / ODT) 114.5 1035 103.1

4.3.2 GHG Emissions for the MSH Scenario

The proportion of GHG emissiony bctivity type for the MSH scenari&igurell) 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 ttargspo

biomass to pellet plants, which i§% 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 musbbeced from further afield, thereby
establishing longer haul distances from the forest source to pellet plaoie 11 presents the
proportional breakdown of GHG emissions by biomass pathway activity type for the MSH
scenario.

W Upstream Fuel
Production

M Biomass Harvest
M Biomass Transport to
Pellet Plants

M Pellet Production

M Pellet Transportation

H Generating Station
Conversion and
Handling

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 biomasg lirvested, processed and transported.

As such, the profile of GHG emissions for the MSH scenario follows the same trend as the total
tonnage of biomass harvesté&tgure62).
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Figure 12. Total greenhouse gas emissions (CO,e/10 year period) for the MSH scenario

Table12 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 CO,e / ODT)
2010 2050 2110
Upstream fuel production 19.6 23.6 21.1
Biomass harvest 4.6 5.9 55
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 CO,e / 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) pathwayIn making this comparison the GHG emissions associated
with the NGCC pathway are estimated based on expectecbfumimption TheGHG emissions
attributed to the biomass pathway include thedifele emissions tbarvestproduce and

% For further information on the GHG estimations for the NGCC seexgbfal. 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 COe).

It should be noted thahe quantification of GHG emissions associated with each scenario is
limited to the scope of the work undertaken. These calculations are meant to providieefirst
estimation of the relative GHG emissions to guide decisiaking and would not necearily be
appropriate for any legal use such as regulatory compliance or offset calculations.

Table13 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) Scenario 3 (BAU + 2M ODT)
Description Natural gas GHG emissions to Life-cycle GHG emissions to harvest,

produce electricity equivalent to produce and transport 2MT/year of

2MT /year of pellets minus the pellets minus the change in total forest

change in total forest carbon for VS carbon for time period N
time period N
Formula NGy T deltaFC2y LCy T deltaFC3y

Graphing NGy LCy T deltaFC3y + deltaFC2y
LCy + (deltaFC2y1 deltaFC3y)

Notes:

N = Time period. In this analysis, each time period is 10 years.

NGy = Natural gas emissions for period N.

LCy = Life cycle emissions for pellet production and transportation for period N.

deltaFCZ2 = The change in total forestrb@mn forScenario 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 t€0,e. When the total forest carbon increases over time (i.e. giiovitital 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.

deltaFCQ = The change in total forest carbon for scenario 3 (BAU-+2Mjeriod 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 fron2thé&1 ODT of
wood pellet$?

e 609 millionm® of natural @s is consumed per year to produce the 3.4 million MWh of
electricity.

As presented ifrigurel13, the results show that the NGCC pathway producé M3 COse for
each 1@year period. The biomass pathway in the first time period@2020) has a relatively
high emission rate due to the initial reduction in total forest carbon. Following this first period,

0 The amount of electricity generation from 2.0 M ODT was calculated using energy content qielletsland
combustion efficiency of each generation station.
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the periodicdGHG emissions level out. On average over the 100 years of analysis, the biomass
pathway produce®.6 MT CO.e for eah 10year period. The two key observations that can be
drawn from this figureare:(i) for every time period the biomass pathway produces less GHG
emission than the NGCC pathwaynd (ii) the biomass pathway results in a source of GHG
emissions due to fag fuels consumed in the production and transportation of pellets and the
change in total forest carbon.
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Figure 13. Comparison of GHG emissions produced for the biomass and NGCC pathways for the
BAU + 2 M ODT scenario.

Figurel4 presents th@00year cumulativésHG emissiongor the biomass and NGCC
pathway. This figure demonstrates that the biomass pathway is expected to éetdaioof
106.0MT of GHG emission reductions, relative to the NGCChpaty 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 lipatief

production without systematically reducing the growth in total forest carbon compared to the

BAU scenario. This fApell et maximizationo scen
to the fluctuations in pellet production levels over the aofghe 100 years. However, for

illustrative purposes it is interesting to consider what th&ihs emissiorbenefit could be if

pellet production were maximized.

Figurel5 presents the results for the comparibetween 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 aapstant 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

Figurel6 presents th@00-year cumulativésHG emissiongor the biomass and NGCC

pathways for the MSH scenarid his figure demnstrates that the biomass pathway is expected
to lead toa total 0of173.6MT of GHG emission reductions, relative to the NGCC pathousy

the 100 years modeled
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5. Sustainability analysis
results: Social well-
being indicators

In this chapter we present the social weding results for the biomass sustainability analysis. As
described in Sectio®.3.6 the socialell-being analysis is conducted for 2015 to 2030. As well,
the analysis is focused on the incremental changes to socidleisdj indicators as a result of
introducing the biomass secfdr.

5.1 Social well-being impacts 8 BAU + 2 M ODT Scenario

5.1.1 Maintain or enhance socio-economic well-being

One of the key indicators toaintainor enhance community social wéléing, as discussed in a

previous report for OP&,is the introduction of new labour demand, which translates into full
time employmentTable14 presents the additional fiime 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 contribubns to labour force are generated in the pellet manufacturing sector, followed
by the logging sector.

®1 As a point of clarity from herein the a#hcompassing biomass supgplyain (logging, trucking, pellet production,
shipping and handling of wood pellets) will be referred to as the biomass.sec

%2 Ontario Power Generatiohijterature Revievi 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 econorfiybutit is where theseaw jobs are created that is important.

Many of the jobs created from a biomasssewill be in the pellet manufacturing area of the
supply chain. As can be seen fréiigure 2 many of the proposegkllet plantiocations represent
smaller communities. For example, the town of Hearst, which had a population of 5,620 people
in 2006%* would expect to see approximately 114 new jobs in the biomass sector from
manufacturing alone. As demonstrated able15, althoughthe introduction of the biomass

sector at the scale oM2ODT will not increase overall welbeing for all the residents in the
impacted communities, it will have some localized economic impacts that will contribute to
positivecommunity economic deslopment.

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 ieeahthe impacts of the biomass sector at

the census subivision (CSD) level (see Secti@3.6for more details) and so the approach

taken here in analyzing broader social viing indicators is focused on how, overalleaaf

CSDs perform for a suite of statistically significant social outcofasle 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 tharest 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: ilgscensus subdivisions with a minimum of 5% labour force dependence on the forest sector (n= 80
CSDs)

Tablel5can be interpreted in a few ways. First, one clear observation is thaatb@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 thedepmsident

CSDs. The size of the sector depicted in this scenaniotiexpected to have major impacts on

83 For example, in 2009 there were 21 thousand people employed the forestry anddegting

% Statistics Canada. 2006 Community Profile. Available onliigx://www12.statcan.gc.ca/census
recensement/2006/¢pd/prof/92
591/details/page.cfm?Lang=E&Ge01=CSD&Codel1=3556076&Ge02=PR&Code2=35&Data=Count&SearchText=h
earst&SearchType=Begins&SeaPR=01&B1=All&Custons

% Due to data compression issues the sociakbeihg variable for lowincome family was found to be
insignificant.
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university and diploma attainment. While modest, the results do indicate thatgyation is

likely to decrease, as people build relationships and stay in the-fi@gshdent communities. In
terms of unemploymentavcan 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) {forgh 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 tdieakstructuring of the global

forest industry took hold across most of North America and particularly in C8hadauch,

the estimates provided in this analysis for social outcome variables depict a forest sector and
forestdependent communities thaere suffering from their reliance on the forest industry. As
such, the results for social outcome variables depictédhbiel5andTable18 are expected to

be conservative.

A second observation thaam be drawn from the resultsTiable15is 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 (203@nhMt 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 forestlependencommunities. This observation is further supported by the results

for the MSH scenario, which introduces an even larger biomass skabde 18). This

observation provides support for the role of the biomass sector as a foaridaebuild a new,
diversified and clustered forest industry and also to support foependent 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 thtline. 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 benfefitn 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 forelstpendent communities, are realizing the potential of a new
biomass sectdY.

®Labour force in Ontariobs forest sector has declined
Survey, CANSIM Table 28D088).
7 White Sand First Nation is one example of these types of communities, see pg. 7:

http://www.whitesandfirstnation.com/index_htm_files/Whitesand%620
%20Sagatay%20Newsletter%204th%20quarter94i202009%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
Table16 below. Of course, it is important to piliese figures into perspective.

In 2007, the most recent year of available data, the Forestry and Logging sector generated $3.5
billion dollars®® the Truck Transportation sector, $1.9 billion; Wood Product Manufacturing,
$86.7 billion; Electricity Power €neration, 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 forestdependent 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 Ont ar ifaxthe BABB R 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 8 MSH Scenario

5.2.1 Maintain or enhance socio-economic well-being

The observations for the social wbking impacts for the MSH scenario are similar to those of
theBAU + 2 M ODT scenario. Of course, the MSkEenario demonstrates a much larger
contribution to the labour forc&ablel17 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

% Statistics @nada. Gross domestic product (GDP) at basic prices, by North American Industrial Classification
System (NAICS)and province, annual dollars. Table-GU25.
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Manufacturing 1,968 3,584 2,776
Electricity Generation 650 1,185 918

Total Annual LF 4,158 7,399 5,779
Contribution

The results of the MSH scenario for the social outcome variables, presemeduied8, are
similar to those shown ihable15 for the BAU + 2 M ODT scenario. However, in the case of
the MSH scenario a Iger biomass sector provides more positive outcomes for the-forest
dependent communities in terms of median incomes, median family incomes -amigj@iiton.
Where a larger biomass sector does not provide more positive outcomes is unemployment,
university atainment 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: inegcensus subdivisions with a minimum of 5% labour force dependence on the forest sector (n= 80
CSDs).

It should be noted that the trends in median income and median family income follow the
trajectory of the biomass volume harvestedjre61) 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

Table19 presents the expected GDP contribution, by sector, from the MSH scenario. Relative to
the BAU + 2 M ODT scenaridl@ble16), the contribution to GDP from the MSH scenario is

much larger owing tthe increased harvest of biomass for pellet production. Similar to the
discussion in Sectioh.1.2.1the relative scale of the biomass sector in this scenario is quite

small relative to the contribution to GDP from these ssaibthe provincial scale.

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

Sector $ (millions) / year

% Due to data compression issues the socialbehg variable for lowincome family was found tbe
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 thegoing discussioneelated to biomass
sustainability specific to OPG6s interests 1in
given the focus of this analysis and its relevance to the business decisions of OPG and

policymaking in this area for the GovernmentQuitario, 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 confm and test the sensitivity of the assumptions made.

The following key findings are supported by this analysis:

e Harvesting of forest biomass for electricity production can be done in such a way as to not
systematically decrease forest carbon stores ower(Figure?).

e 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 productn is constrained by a total forest industry sustainable harvest
level shown in the MSH scenatrio.

e In Ontario, there is a sustainable letegm flowof 2.9M ODT at existing harvest ratesthe
Boreal and GLSL forest regiofiBigure44). Further, an additional but declining tonnage of
biomasss available in the short term (2015 to 2068Hharvest rates of®1 Mm?®/year
(Figureb9).

e There are a variety of biomass resource types available for pelleicfiordin the province
and these resource types have unique impacts on forest carbon, GHG emissions and costs.
Based on sensitivity analysis performed in this sttiiy following sources of biomass are
prioritized for costs and GHG impacts:

1. Sawmill wastérom 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 lburned i
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 tthage 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 fl&%2)000 ODT
(Figure43).

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.

e The use of mmass for electricity generation at a level of 2M Oy€ar produces an
average net contribution 6f26 MT CO,e/year Figure13). Thereforeunder the
assumptias laid out in the BAU + 2M ODT scenario, biomasg feectricity generation is
renewablebut on a lifecycle basis is a source of GHG emissions for the entire planning
horizon.

¢ Relative to the NGCC pathway, using biomass for electricity generatioeatlaf2M
ODTl/year (BAU + 2 MODT scen&o) reducs emissions bg total of106.0 MT CO.e over
the 100year planning horizorThis represents an 80% reduction in total greenhouse gas
emissions compared to NGCC.

e The social welbeing impacts associated with introducing a biomass sector to the province
(asper 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, unemplment, university and diploma attainment,-ouigration and the
averge value of a dwellingliable15andTable18), although the impacts on Aboriginal
communities could be more significant given their higher levels of unemployment, lower
incomes, lower education levelsdapoorer housing.

e By introducing a biomass sector to the province (as per the BAU + 2 M ODT and MSH
scenarios) 3,569 and 5,779 new-lthe jobs would be created@gble14 andTablel7).

e As well, from he BAU + 2 M ODT and MSH scenarios we can expect an average annual
contribution to GDP of $90million (Table16) and $793 million Table19), respectively.

6.2 Discussion

At the outsetof this analysisthe question of whether biomass was sustainable was not obvious.
Questions still remain around what level of biomass harvegtimgnergyyields the best

outcome for longerm sustainability in OntaridVhat was clear is that different forest conditions
create different outcomes for the relative viabilityusingbiomass foelectricitygeneration as a
tool for companiesutilities and governments to meet GHG emission reduction targets. As this
was the focus of the inquiry for the sustainability anajysisch of this discussion is focused on
this point.

As mentionedn Section6.1, the overall sustainability of using fordstsed biomass for

electricity productionfrom a carbon perspectivis,supported in thianalysiSsromOnt ar i 00 s
Crownland-sourced biomass. There are a number of factors that contributeusetifedbiomass

as a legitimate GHG emission reduction option for Ontario. These include:
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e TheBAU approach to dealing wittoadsideforest residues i openly burrthem atthe
forestroadside. A change in this assumption will impact @idG emission profile for
the biomass pathways.

¢ Natural gas, while a cleaner fuel than coal, is still a fossil fuel with GHG emsssiach
greater than that of leading renewable ggaptionsincluding the use of biomass.

e The forest age class structuredh t a Bareal®dogests is eveaged, and over time the
GLSL forest becomes more evage in its distribution. The even distribution of age
classes provides for a lostgrm sustmable flow of biomass for pellet production without
the risk ofbiomasssupply volatility that might drive significant price changes in the
feedstock of biomass.

e 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-bausaa
disturbanceshat might remove forest carbon, the benefit of biomass as a GHGamissi
reductionstrategywill be reduced.

e 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 necing 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:

e The size and scale of the biomass sector assumed in this analysis isheesdize and
scale of the traditional forest products industrya Hiomass 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 availabilityral 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 teariple the biomass sector from the traditional forest
industry.

6.3 Recommendations for biomass sustainability

A number of recommendatie can be made from this analysis. Given thaptbgctwas

commissioned by OP& is our obligation to provide recommendations related to business and
sustainability strategy. As well, througiis analysis we had the opportunity to work with
provinciatlevel data and resources. As such we would be remiss to not take the opportunity to
provide recommendations to the Province of Ontarib @snsides the development of a

biomass sector. Themt 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.
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6.3.1 Recommendations for Ontario Power Generation

Using biomass$or 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 overallcontribution 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
OPGOs best interest to support the hy ghest
source.

If OPG chooses to proceed further with converting additional coal power plants over to
utilize renewable biomas$ consideration should be given to sourcing some volumes of
biomass from sustainabiyanaged private landsd agriculture resoursé 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 proviteigcate their pellet plants in
communities that would benefit the most from new employment opportuhitaes; of these
communities are forest dependent, and focusing-teng investments in the biomass
industry in these communitiesll likely providethe most benefit for each dollar investad
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 tesblogy 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
forestdependent communities.

While not examined in this analysis, it is to be expected that OPG and the Province of Ontario
will experience economic gains fromsing an energy resource that can be sustainably sourced
within Ontario, rather than importing fokfiels. As such, there will be additional financial

resource available that could be considered for investment in research and development to drive
improvements in biomass processinre efficient combustion technologjeand innovations

along the biorass supply chaié all of which will enhance the overall viability of biomass as a
long-term source of energy for Ontari

6.3.2 Recommendations for the Ontario Government

e Prior to allocating Crown lanbdiomasgesourcegor electricity generatiom the
province,although complicatedprest carbon management needs to be integrated into
the value structure of Crown land manageméhe overall strategy of managing for
forest carbon cabhe complimentary to renewable and la&rbon biomass feedstocks

Y 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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e Considerabn should be given to exploring harvestiechniques and/or silviculture
practices that might ensure that the use of biomass for electricityquooddoes not lead
to any additional GHG emisgie in the atmosphere. Examining new approaches to forest
management were out of the scope of this analysis, therefore, future analysis should
consider this opportunity.

e Given the persistent @mturn inthe forest industry it will be important for this sector to
be encouraged to explore new opportunities to adeevial the wood products supply
chain. As such, efforts should be made to integrate pellet product with woodtgroduc
manufacturing into forest industry clusters.

e Theprovince is currently undergoing a wood competitiveness process where new
allocations ofwood supply for wood pellet production is being considered. As such, this
analysis shows that ihhe 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
forestregion.The focus of wood allocation to these stands is likely to provideeoefits
to total carbon stores, the economic viability of the forest sector anddamgorest
productivity.

e Similar to the point above, the wood competitiveness procespestexi 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 procegsta for
these changes in overall GHG emissions for the province. The UNFCCC definition of
renewable biomass should be considered in the degisaiing for what sources of
biomass are considered for pellet production.

6.4 Further research and analysis

The purpose of this analysis was to address OF
that were not yet addressed in the literature. Through this work, additional research questions and
gaps in existing data sources surfadedact, as in many anges of environmental and

economic systemsas the analysis unfolded the complexity of forest carbon management became

very apparent. As such, more work is needed to suppacbti@usions mad this report.

Below is a list of areas where further resbaaind analysis would benefit OPG and the

Government of Ontario in their understanding of biomass sustainability:

e Future analysis should consider a longer planning horizon than the one used in this
analysis. It is recommended that the planning horizoexbended to align with that for
forest management planning in Ontario (150 years).

e Sensitivity analyses should be performed on some key modelling assumption and
decisions made in this project, including predicdtedst industryharvest rates, the
assumgpon and percentage of roadside slash burning and forest residue compared to full
tree harvesting.

The Pembina Institute 55 Biomass Sustainability Analysis



Discussions and Recommendations

e Future work should examine the potential to use a modified shelterwsetkotion
harvesting system to target stands in the GLSL region where harvestiggdde may
result in a boost to forest productivity.

e This analysis did not explore the impact that the biomass sector at various scales is likely
to have on medium and losigrm electricity prices. Further, analysis is needed to
examine how this type ofetricity production stacks up to existing and future electricity
sources and prices.

e 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 ptants
resource availability so that pellet plant locations are custom fitted to an appropriate size.

e This analysis did not explore critical air contaminants (i.e. carbon monoxide, nitrogen
oxides, sulphur dioxides and particulate matter) that would be cigaiatroducing 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 Ontatik¢kan, 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 e Input, analysis and feedback on policy
sustainability indicators issues.

¢ Input and guidance on key contacts and e Advocacy and lobbying of the project team
resources or other members of the TAC

e |nput and feedback on modelling e Feedback and advice on technology
assumptions options for biomass combustion

¢ Input and feedback on modelling results

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 speeiftisexpat they can bring to
the groupTable20 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 Scott Jackson Forest Industry

Association

Former OMNR Bill Kissick Wood competitiveness in
Ontario

Eastern Ontario Model Mark Richardson Private lands

Forest
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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:

e Chatham House Rule$he Chatham House Rules are meant to provide anonymity and to
encourage openneand sharing of information. Opinion and information shared will