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Abstract 

This thesis explores the impacts of disruptive change drivers on the Canadian forest industry and 

evaluates the extent to which socio-economic policies can advance or constrain transition to new future 

directions. 

Canada’s forest sector has experienced a substantive disruption. Since 2009, average harvest rates are 

44 million m3/year lower than was observed in 2000-2004.  The drop in forest harvest is related to major 

market changes driven by widespread uptake of the Internet, which reduced the need for printed 

newspapers dramatically impacting revenues from classified ads; and declines in single-family home 

construction and corresponding increases in multi-family, multi-storey buildings which has reduced 

demand for wood building products. 

In response, policy initiatives have been launched by Canada’s Federal and Provincial governments.  

Policies launched between 2000-2015 were examined through four analytical frameworks drawn from 

social life-cycle assessment (S-LCA) principles: industry sector; industrial process stage; policy 

mechanism; and, broad policy domain. The examination identified a shift from industry sector focus 

towards broader policy goals related to climate change with subsequent reversion to a focus on multi-

sector biorefining opportunities.   

A specialized tool to model biorefinery implementation - the I-BIOREF application developed by CANMET 

Energy - is used.  Identified measures are evaluated against three important criteria: required data be 

available, collection be automated, and the measure be acceptable to key stakeholders.  Three 

measures, including employment, employment income, and tax filings, meet these criteria.  

Impacts of deploying different biorefinery technologies are examined in three case communities - Prince 

George BC, Thunder Bay ON, and Corner Brook NL - with significant dependence on the forest sector.  

Using the I-BIOREF tool, a different biorefinery technology configuration is applied at each site and 

assessed at different sizes and levels of government support to identify financially feasible 

configurations.  The resulting analysis illustrates the benefits or pitfalls associated with biorefinery 

deployment, providing insights both into regional benefits and comparative performance across 

different configurations.  The analysis suggests that the three socio-economic indicators examined 

would provide a valuable addition to the I-BIOREF software and be useful for determining the potential 

impact of possible public policy and program initiatives to support forest biorefining development. 
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Chapter 1 Introduction 

In 2000 Canada’s forest products sector generated $24.4 billion in output, representing 1.8% of 

Canada’s total Gross Domestic Product (GDP). By 2020, total sector output had declined by 24.9%, or  

$6.1 billion, and only represented 0.97% of Canadian GDP1 (Statistics Canada 2021a).  The impacts of 

this decline have been experienced in resource-dependent communities across all of Canada. 

The drop in value associated with the forest products sector is clearly related to market performance, as 

conventional forest products (including pulp and paper products as well as structural products like 

lumber and panels) have been affected by a number of market trends in recent years.  One response to 

the decline in the forest sector is a shift to biorefining - transforming biomass into a mix of material, 

chemical, and energy products - which would allow forest biomass to be used in new markets.  There 

are some successful examples of biorefinery development around the world, particularly in Scandinavia 

(Arbuthnott et al. 2011; Arbuthnott et al. 2010; Rødsrud et al. 2012).  To date, however, such transitions 

have been slow to occur in Canada. 

1.1 Research question and objectives 

This dissertation explores the question of whether or not biorefinery initiatives are an appropriate 

response to the long-term decline in Canada’s forest sector.  In exploring this question, this thesis has 

four primary objectives:   

(1) To quantify the degree to which changes in pulp and paper markets and wood building products 

markets contribute, respectively, to the decline in forest harvests observed in Canada between 

2004 and the present day, and to explore the degree to which these declines are 

interconnected;  

(2) To assess the ways in which government policy to support the forest sector changed as the 

sector progressed through pre-, during, and post-decline periods;  

(3) To propose socio-economic measures which could help guide biorefinery deployment in 

resource-dependent forest communities in Canada, and inform biorefinery-related policy 

assessment; and  

(4) To test the application of socio-economic measures by modeling the impact of potential 

biorefinery deployments in three forest sector communities in Canada, and quantifying the 

 
1  Values converted to 2012 Canadian dollars 
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potential impacts that biorefinery development might have on local economic and social 

measures.   

Ultimately, the primary contribution that this dissertation will make is an updated tool, informed by a 

deep policy scan and tested using case studies, which can inform  new policy initiatives designed to 

address the sector decline quantified in the work.  This will help Canada’s forest sector recover from it’s 

decline through the adoption of new biorefining technologies, and help ensure that the deployment of 

these technologies deliver optimal social and economic benefits to remote and resource-dependent 

communities in Canada.   

1.2 Understanding sector decline 

Canada’s forest sector has seen a large and sustained drop in the harvest of wood for the manufacture 

of value-added products, including paper and lumber. As forest harvests have declined, Canada has 

experienced more than 120 pulp and paper mill closures and more than 1,000 wood products mill 

closures between 2000-2020 (Statistics Canada 2021b; Statistics Canada 2016).  Chapter 2 of this thesis 

explores that decline with the objective of identifying the key market shifts that have led to this 

disruption.  Data on disruptive change drivers, including new and mostly free online advertising 

technologies as well as new residential construction needs, are explored.  The importance of US 

marketplaces to Canada’s forest sector is assessed, as is the impact of changes within that marketplace 

on the Canadian sector. The interaction and relationships between different segments of the forest 

products sector, particularly issues related to mutual fibre purchase and supply dependencies, are also 

described.   

1.3 The policy context 

As Canada’s forest sector has declined, Canadian governments - both Federal and Provincial - have 

responded with a variety of programs.  Chapter 3 evaluates the ways in which policy responses have 

evolved and how new approaches to supporting Canada’s forest sector have emerged as the downturn 

within the sector extends.  In this chapter, policy initiatives launched in the 2000-2015 period are 

identified and assessed.  Three ‘periods’ of policy analysis are included - pre-decline (2001-2005), 

decline (2006-2010), and post-decline (2011-present).  Ways in which these changing initiatives might 

support transition within the forest products sector are explored.  This review also describes ways in 

which policy success can be measured and identifies gaps in the data available to monitor the 

implementation of policy initiatives.  Anticipated changes in policy, including shifts to include additional 
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industrial sectors and changing emphasis on industrial process stage(s) are described, as are changes in 

the types of policy mechanisms brought to bear.  Finally, the impact of broad shifts in policy objectives, 

particularly in response to external factors such as climate change, are explored. 

1.4 Measures to assess impacts and new directions 

The central objective of Chapter 4 is to define and develop measures of socio-economic impacts of 

forest biorefinery developments that can be practicably used and applied within biorefinery case study 

deployments. A corollary objective is that the measures developed be equally applicable to tracking 

socio-economic impacts of changes resulting from forest sector declines at the community level. 

The assessment of potential socio-economic measures undertaken in the chapter builds from the 

sociological origins of such measures and incorporates principles and methods from Social Life Cycle 

Analysis (S-LCA). The analysis identifies characteristics and criteria on which the measures should be 

based if their ability to track sector changes and incorporation into the I-BIOREF application is to be 

effective. The potential applicability of the measures as a foundation for defining public policy initiatives 

to encourage successful development of forest biorefinery projects is also explored. 

1.5 Measuring disruption and potential biorefinery scenarios in specific communities 

The case studies are assessed using I-BIOREF, a decision-support software application being developed 

within CANMET Energy, part of Natural Resources Canada. The version of the application used within 

this research did not incorporate socio-economic measures and therefore a further objective of this 

element of the research was to develop measures that could be used with and ultimately be 

incorporated into the I-BIOREF application. 

The primary research objectives of Chapter 5 are to: 

(1) Apply I-BIOREF to explore the potential deployment of innovative biorefineries in three forest-

based communities in Canada; 

(2) Assess the changes in socio-economic measures of employment and taxable income related to 

forest sector biorefinery deployment in each community; and, 

(3) Evaluate whether these socio-economic measures could function as a tool for guiding future 

forest biorefinery development. 
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The three biorefinery deployments are examined within the context of relative analysis between the case 

sites to determine the impacts of the introduction of the biorefineries in comparison to a continuation of 

the current forest products manufacturing activity in each community. 

Modelling is carried out with I-BIOREF, an application developed within the Industrial Systems 

Optimisation group at CANMET Energy as a decision support system for assessing biorefinery 

transformation strategies (Benali et al. 2018; Benali 2015).  The tool enables scenario-based analysis of 

the technical, economic, and environmental impacts of various potential biorefinery configurations, 

which can be coupled with such conventional forest products manufacturing systems as 

thermomechanical pulp (TMP) and Kraft pulp production.   With the support and collaboration of the 

Industrial Systems Optimisation group at CANMET Energy in this research project, the I-BIOREF 

application has been adopted as the platform that would be used as the basis for case site and 

biorefinery scenario analysis.  

The three communities used in this study are Prince George BC, Thunder Bay ON, and Corner Brook, NL, 

and different biorefinery technology deployments are modelled in each Deployment of these 

technologies is assessed at different mill scales and different levels of government subsidy in order to 

identify financially feasible options for implementation.  Each of the three socio-economic measures is 

tracked within the communities at the Census Agglomeration (CA) scale in order to create a baseline, 

and the I-BIOREF tool is used to estimate the changes to these measures that would be delivered by 

each technology.   

1.6 Positionality 

In 1988 I was recruited to the Ontario Office of the Industrial Restructuring Commissioner (IRC) and 

assigned to lead the Commissioner’s in-depth evaluation of the state of the province’s forest products 

sector. This assessment took place within the context of the Office’s mandate from Cabinet to identify 

the policy directions that would need to be adopted to ensure the sector could adapt to ‘the 

information age’ and continue to thrive and continue as the backbone of the Northern Ontario 

economy. Subsequently, I served as head of Corporate Development for the North American operations 

of a German wood products manufacturer before returning to management consulting. I hold the 

professional designation of Certified Management Consultant and have been named a Fellow of the 

Institute. Since my role with the IRC, the forest products sector has been a major element of my 

professional life, as either an executive or professional consultant - the latter now for more than twenty 

years. 
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Some clients of my consulting firm have been firms engaged in the sector, but a majority of my 

engagements have been for organisations such as industry associations or mostly public sector clients, 

be they communities affected by change in the sector, provincial governments, or federal departments 

or agencies. From the early 1990’s to the mid-2000’s a dominant theme of project assignments was 

identification and evaluation of new export market opportunities that could facilitate reduced 

dependency on North American markets. That theme has continued but been surpassed by the need of 

communities and provinces to develop and implement new strategies and directions to offset economic 

declines and losses resulting from mill closures, mostly pulp and pulp / paper mills.  

These assignments have given me a direct perspective on the impacts these closures have in individual 

communities, from obvious employment and income losses to dramatic reductions in real estate values 

to population out-migration to loss of markets for wood chips produced by area sawmills, with resulting 

production curtailments in those operations as well.  

The challenges faced by these communities, the absence of obvious mechanisms to stimulate industrial 

renewal or revitalisation in the near term, and the existence of a policy environment that has not 

seemed to effectively address the imperative of a strategic level change in direction have all informed 

and led to my decision to pursue this research project. 
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Chapter 2 Forest sector decline: Disruptive technology and market changes  

2.1 Abstract 

Since 2004, Canada’s forest sector has seen a large and sustained drop in the harvest of wood for value-

added products, with average harvest rates from 2009-2019 44 million m3/year lower than in the period 

2000-2004.  Paper markets have particularly suffered, with Canada’s exports of newsprint to the USA 

declining by 72% between 2000-2017 and exports of other graphic papers declining by 57% during the 

same period. Canadian newsprint production also declined by 72% (6.7 Mt) and production of other 

graphic papers declined by 57% (3.6 Mt).  These changes are attributed to increased internet usage and 

permanent shifts of consumer behaviour to online platforms. Lumber production has also declined in 

absolute terms and is currently about 35% below the 2007 peak production year.  This is due to shifts in 

the housing market in both Canada and the USA, with declines in single-family home construction 

coinciding with a rise in multi-family, multi-storey buildings which use less wood per unit. It is estimated 

that the changes in the newsprint and paper markets, particularly in the USA, have contributed 55% of 

the reduction in wood harvest (approximately 438 M m3 in total).  The loss of lumber markets in Canada 

and the USA has similarly led to a cumulative decline of approximately 266 M m3 between 2004-2019, or 

approximately 33% of the overall decline in forest harvest in Canada.  The interdependence of pulp and 

paper production on sawmill residues means that a reduction in demand for lumber will also impact 

production of paper; conversely, a drop in demand for paper will reduce the profitability of sawmills.  

The interplay between these factors likely explains the remaining 12% in forest harvest decline in 

Canada. 
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2.2 Introduction 

There has been a dramatic and ongoing change in the production level of the Canadian forest industry 

due to substantive changes within the markets served by the sector. In the first two decades of the 

twenty-first century, Canada experienced more than 120 pulp and paper mill closures and more than 

1,000 wood products mill closures (Pöyry 2012; Statistics Canada 2021a; Statistics Canada 2016).  This 

has had a significant impact on forest operations; wood harvest levels across Canada have dropped by 

approximately 25% from their peak in 2004, as shown in Figure 2-1.  A similar situation has been 

reported across the forest production states of the northern tier of the United States (Woodall et al. 

2011). The primary research question this chapter addresses is the degree to which changes in pulp and 

paper markets and the wood building products markets contribute, respectively, to the decline in forest 

harvests observed in Canada between 2004 and the present day.  A secondary question is the degree to 

which these declines are interconnected. The primary contribution of this work is a quantification of the 

relative impacts of changes in markets for pulp and paper and wood building products on overall harvest 

decline, and an exploration of the ways in which decline in one sector may influence the other. 

2.2.1 Overview of Canada’s forest sector decline 

Beginning in 2004, wood harvest levels in Canada declined precipitously for a five-year period.  While 

harvest levels have recovered somewhat since 2009, average annual harvest levels are 44 million cubic 

metres (M m3) lower between 2009-2019 compared to 2000-2004.  Put another way, the volume of 

wood harvested since 2004 is approximately 797 M m3 lower than what might have been delivered had 

the earlier trend persisted.   

The cause of the reduction in Canadian harvest levels is not well explored in the literature.  As Figure 2.1 

below illustrates, it is not due to a lack of wood - the estimated wood supply line reflects the sustainable 

harvest levels that the forest could provide, and this line is significantly higher than any annual harvest 

levels observed in Canada.  Overall forest sustainability in Canada (and indeed across North America) is 

not threatened by current harvest levels, and stringent policy designed to safeguard forest ecosystems is 

effective (Siry et al. 2018).  There is , however, the potential that future sustainable harvest levels could 

fall - for example, some authors have explored the potential impacts of climate change on harvest levels 

and suggest that the actual sustainable harvest levels will be significantly lower in the future due to 

drought and increased wildfire (Brecka et al. 2020). It has also been suggested that increased forest 

activity could also act as a beneficial solution to climate change impacts on forests by increasing carbon 

sequestration (Aquilué et al. 2021).  
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Figure 2-1 Forest harvest levels and estimated sustainable wood supply, Canada, 2000-2018 
Source: FAOStat 2021, National Forestry Database 2021 

Data from Statistics Canada (Statistics Canada 2021a; Statistics Canada 2016) confirms the shrinking size 

of the Canadian forest products industry.  The number of businesses engaged in logging, including both 

contract and non-contract operations, have declined from 9,254 enterprises in 2000 to 4,035 in 2020, a 

decline of more than 50% (Statistics Canada 2021a).  As forest harvest has declined by approximately 

25% over this period, the remaining companies are more productive and harvesting more wood than 

previously, a pattern that suggests consolidation and growth in those companies that have survived.  

The drop in harvest levels is matched by a drop in the number of sawmills and other primary processing 

facilities, as highlighted in Table 2-1.  The number of active sawmills in 2020 is 60% lower than in 2000, 

again suggesting that while there are fewer mills, they are processing more wood every year.  Similar 

trends are seen with almost every solid wood manufacturing facility; the only category of manufacturing 

facility that has increased between 2000 and 2020 are structural wood products (i.e.  production of 

cross-laminated timbers and laminated veneer lumber), and even within this category, the number of 

mills active in 2020 is lower than the peak year (2005).   
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Table 2-1 Changes in wood products manufacturing facility counts, Canada, 2000-2020 

Year 

Sawmills 
(except 

shingle and 
shake mills) 

# 

Shingle  
and shake 

mills 
# 

Wood 
preservation 

# 

Hardwood 
veneer and 

plywood 
mills 

# 

Softwood 
veneer and 

plywood 
mills 

# 

Structural 
wood product 
manufacture 

# 

Particle 
board and 
fibreboard 

mills 
# 

Wafer 
board  
(OSB)  
mills 

# 
NAICS 
Code [321111] [321112] [321114] [321211] [321212] [321215] [321216] [321217] 

2000 1,588 134 167 82 50 215 72 27 
2001 1,512 133 143 83 51 224 67 30 
2002 1,437 130 132 79 46 236 61 29 
2003 1,416 124 135 85 40 264 62 33 
2004 1,270 118 132 86 37 269 57 35 
2005 1,245 111 125 84 37 287 53 34 
2006 1,221 100 113 82 37 284 45 35 
2007 1,153 92 103 79 35 285 42 29 
2008 1,048 81 104 77 28 278 38 22 
2009 1,007 78 100 75 30 273 37 25 
2010 978 77 100 68 28 271 35 17 
2011 897 70 89 62 27 265 30 16 
2012 806 75 93 59 28 262 32 17 
2013 773 64 88 61 29 284 36 21 
2014 735 55 91 56 27 281 31 20 
2015 712 55 84 52 27 273 30 22 
2016 678 48 93 50 25 270 29 18 
2017 658 47 95 56 26 264 30 18 
2018 638 48 89 57 26 274 28 18 
2019 636 50 81 56 26 273 28 17 
2020 634 47 79 56 26 268 27 17 
Source:  Statistics Canada 2021a; Statistics Canada 2016  
NAICS: North American Industry Classification System 
Note: Only enterprises with employees are included in these counts. Enterprises classified by Statistics Canada as 
‘indeterminate’ and reporting no payroll have been excluded.  

As shown in Table 2-2, the number of businesses engaged in pulp and paper manufacture have also 

dropped between 2000 and 2020.  This is particularly true for newsprint mills (a drop from 60 to 16) and 

chemical pulp mills (66 to 27 facilities).  The only categories of mills that have maintained their numbers 

are mechanical pulp mills (11 to 10 facilities between 2000-2020) and paperboard mills (45 to 47 

facilities over the same period).  
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Table 2-2 Changes in pulp and paper manufacturing facility counts, Canada, 2000-2020 

Year 

Mechanical pulp 
mills 

#  

Chemical pulp  
mills 

#  

Paper (except 
newsprint) mills 

#  

Newsprint  
mills 

#  

Paperboard  
mills 

#  
NAICS 
Code [322111] [322112] [322121] [322122] [322130] 

2000 11 66 83 60 45 
2001 11 69 90 59 44 
2002 11 66 85 57 53 
2003 10 67 89 53 52 
2004 10 60 88 53 53 
2005 7 60 89 48 51 
2006 7 54 80 47 49 
2007 9 54 70 40 54 
2008 8 49 68 37 52 
2009 8 45 70 33 54 
2010 9 41 60 28 51 
2011 9 38 60 22 46 
2012 10 43 59 21 45 
2013 17 34 58 23 44 
2014 11 34 48 22 42 
2015 14 37 45 20 43 
2016 11 33 37 19 43 
2017 11 32 40 19 43 
2018 11 33 46 17 42 
2019 10 32 42 16 44 
2020 10 27 43 16 47 

Source:  Statistics Canada 2021a; Statistics Canada 2016  
Note: Only enterprises with employees are included in these counts. Enterprises classified by Statistics Canada as 
‘indeterminate’ and reporting no payroll have been excluded. 

Over the period 2001-2019, total direct forest sector2 employment in Canada has declined from 222,331 

employees to only 128,666 individuals, a reduction of 42.1%.  The greatest decline within the sector 

itself was observed in the pulp and paper segment, which saw a 62.9% reduction in total employment; 

sawmills and veneer mills reported a 46.9% reduction in employment over this period, while forestry 

operations reduced employment by 45.9% (Statistics Canada 2021b).  Combined, these declines have 

resulted in the closures of hundreds of forest products manufacturing plants and the loss of more than 

90,000 direct jobs, which can be estimated to have contributed to further induced losses of as many as 

another 450,000 - 500,000 jobs across the country (Statistics Canada 2021c). 

 
2  North American Industry Classification System (NAICS) Codes – Forestry and logging [113], Support activities for 

forestry [1153], Pulp, paper and paperboard mills [3221], Sawmills and wood preservation [3211], Veneer, 
plywood and engineered wood product manufacturing [3212] 
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2.3 Paper market changes 

2.3.1 Trends in paper production, imports, and exports 

Trends in Canadian production, imports, and exports of newsprint, paper, and packaging products are 

shown in Figure 2-2. The first two categories shown in this figure - newsprint and printing and writing 

papers - can in aggregate be considered graphic papers.  When considered in aggregate, FAO data shows 

that production of graphic papers in North America declined by 66.1% between 2000-2019; newsprint 

showed the most significant reduction (72.1%), while other printing and writing paper production 

dropped by 57.2% (FAO 2020).  According to FAOStat data, global production of newsprint dropped by 

about 40% over this period (FAOStat 2021).  These shifts in demand are viewed as structural and 

permanent by major manufacturers in the sector, who note in regulatory filings that they expect such 

declines in demand to continue (Domtar 2020; Domtar 2017).   

Analysis of related export data also underlines the Canadian sector’s dependence on the United States 

market; and hence its vulnerability to the declines in advertising and circulation experienced by 

American newspapers that is discussed later in this chapter. 

The volumes of newsprint exported from Canada have fallen in absolute terms.  As Figure 2-3 (A) 

illustrates, Canada’s exports of newsprint to the United States declined by 71.7% over a 17-year period, 

while newsprint exports to the rest of the world declined by 23.2%.  Exports to the United States began 

to decline rapidly after 2004 until stabilizing somewhat in 2009.  As shown in Figure 2-3 (B), the United 

States has relied almost exclusively on Canada for its newsprint import needs. US imports of newsprint 

from Canada have accounted for more than 95 percent of total newsprint imports - and half of US 

newsprint demand - in all but two years during the 2000-2017 period. 

As shown in Figure 2-3 (C), exports of other paper and paperboard grades, (excluding newsprint), show a 

similar pattern, with a decline of 57.3% in exports to the United States from the peak in 2005 to the 

trough in 2013; while exports of the paper grades to the rest of the world have fluctuated somewhat 

during the period covered by the data, but remained relatively steady. 
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Figure 2-2 Production, imports and exports of key paper products, Canada, 2000-2019 
Source:  FAOStat 2021 
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Figure 2-3 Trade flow of newsprint and paper products, 2000-2017 
Source:  FAOStat 2021 
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It is premature to obtain data that could illustrate the impact on packaging paper production due to the 

acceleration of e-commerce and online purchasing that is widely recognised to have occurred since the 

outbreak of COVID-19; however, it can be argued that the recent growth in Canadian production of 

packaging and related paper grades reflects the continuing growth of e-commerce and online 

purchasing of goods since the Great Recession.  

It can be expected that production of these types of papers will continue to increase with increased 

online purchasing, but also as paper manufacturers step into new markets, such as substituting for 

single-use plastics (Domtar 2020). 

2.3.2 Disruptive factors in paper markets 

Increasing Internet use 

In 1995 4.2% of the Canadian population and 9.2% of the US population were using the Internet. Only a 

handful of other countries worldwide had achieved similar levels of Internet adoption at that time. By 

the turn of the century, 51.3% of the Canadian population and 43.1% of the US population were Internet 

users (World Bank 2021).  As shown in Figure 2-4, Internet usage rates have since grown steadily in both 

countries to nearly complete coverage. 

 

Figure 2-4 Percentage of population using Internet, Canada & USA, 2000-2018 
Source:  World Bank 2021  

With Internet usage rates approaching the fifty percent of the population threshold in North America 

during the late 1990’s, newspapers began establishing websites and an Internet presence as the growth 

of Internet-connected audiences generated online viewing of news (Anonymous 2020; Anonymous 

2010; Lewis 1996).  Such sites were also viewed as having the strongest content, primarily because of 
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the size of the newspapers’ journalist staff and the largely text-based orientation of the Internet at that 

time (Pew Research Center 2004).  

Although paid daily and weekly circulation continued to rise in absolute numbers in both Canada and 

the US through to almost the end of the twentieth century (News Media Canada 2021; Mitchell & 

Holcomb 2016), readership as a percentage of population (US) and of households (Canada) began to 

decline in the mid to late 1960’s (CMI 2017; CMI 2013; Mitchell & Holcomb 2016). 

By the turn of the century, the decline in readership began to be reflected in actual declines in paid 

circulation. Weekday paid circulation declined by almost half (48.6 percent) from 2000-2018, a drop of 

more than 27.2 million papers. Similarly, Sunday paid circulation declined by 48.1 percent, a decline of 

more than 28.6 million papers (Mitchell & Holcomb 2016). Canadian data are collected and compiled 

somewhat differently than in the United States; however, patterns of decline are quite similar with 

average weekly paid circulation having declined by more than half (51.4%), from 2000-2015, a decline of 

more than 17.3 million papers (News Media Canada 2021). 

Declining revenues from advertising 

As Canadian Forestry Service (CFS) reports explained, newspapers and the graphic paper on which they 

are printed historically have served two important and revenue generating functions: (1) providing news 

and entertainment services and generating revenue from display advertisements, entertainment listings 

and the like; and (2) connecting people who want to sell things to the pool of subscribers, generating 

revenue through classified ads, flyers, directories, and the like. However, the advent of the internet 

brought about four identifiable developments that disrupted those traditional revenue models: 

- Development of online classified ads (notably Kijiji in 2005 and Craigslist in 1995); 

- Development of page-rank online searching by Google; 

- Development of key-word bidding auctions by Goto.com (later called Overture and eventually 
purchased by Yahoo); and, 

- Integration of online advertising revenue splitting between key-word auctioneers and blogs, as 
exemplified by "Ads by Google" (Canadian Forest Service 2014; Greenstein 2011) 

For Canada’s forest products sector, perhaps the most important illustration of this change has been the 

decline in classified advertising revenues for newspapers, and the directly related reductions in the 

volumes of newsprint used to print those advertisements. Twenty years ago, one could find “just about 

anything in the classified advertising section of a local newspaper … a puppy, house, car, furniture, rare 

stamps or even a new boyfriend” (Snyder 1998).  In communities across the nation, the classified 
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sections in large and small, daily, and weekly newspapers historically included advertisements for 

everything from real estate to furniture to automobiles to personal companions; and, as such, the 

classifieds were an important local marketplace. 

In July 2011, an article in The Economist examined the state of newspapers across the world and noted 

that Craig Newmark, founder of Craigslist, a network of classified advertising web sites, use of which is 

mostly free to those posting advertisements is “the person often blamed” for the challenges facing the 

newspaper industry. The article notes that this shift has led to a sharp decline in newspapers' classified-

advertising revenue, a business where many newspapers enjoyed comfortable local monopolies for 

decades. The Economist also noted that this change had led to Mr. Newmark having been described as a 

"’newspaper killer’ and ‘the exploder of journalism’, among other things” (Anonymous 2011). 

Today a significant portion of advertising has moved online. Sites ranging from Kijiji, Craigslist, Realtor, 

Zoocasa, Autotrader, Match, and e-Bay offer consumers the opportunity to locate and acquire whatever 

they need, directly through their computers. That this transition represents a major revenue disruption 

for newspapers should come as no real surprise, given the advantages offered to the user by the online 

medium. Online classified advertising is essentially free whereas newspaper classifieds typically use a 

per-line pricing model. The ‘free’ basis enables advertisers to post longer, more explanatory descriptions 

and other advantages of online classifieds compared to print classified include: avoiding the distribution 

constraint of the local newspaper; elimination of the life cycle constraint of the circulation lifespan of 

the newspaper; and, the online interface can easily facilitate searching and sorting functions thereby 

enabling individual readers to seek out things for which they are searching (Fang et al. 2017). 

In response to the development of web-based classified advertising, newspapers attempted a shift to 

online classified advertising (McCormick 2000; Pew Research Center 2004) but the ‘free’ basis of these 

online services ultimately meant that the revenue newspapers historically collected through classified 

advertising disappeared forever. Newspapers will never be able to recover such revenues; and, as noted 

by Marshall McLuhan in his 1964 book Understanding Media: The Extensions of Man:  

“The classified ads (and stock market quotations) are the bedrock of the press. Should an 

alternative source of easy access to such diverse daily information be found, the press 

will fold.” (McLuhan 1964, as cited by CMI 2013)  
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Relative changes in advertising revenues, newsprint stocks, and paper stocks 

In Canada, data from News Media Canada (2021) indicates that revenues from newspaper classified ads 

declined by 87.1% between 2000 and 2019, as shown in Figure 2-5 (A).  The figure shows that while 

revenues remained strong and stable between 2000 and 2008, a precipitous decline in the 2008-2015 

period dramatically reduced revenues. Trends in recent years show continued decline in these revenues, 

albeit at a reduced rate.  Changes to Canadian newspaper classified advertising revenues lagged those 

observed in the United States, where the period of significant decline started earlier (2006) and 

stabilized sooner (2009).  Overall, revenues in the United States have also declined by 87% by 2019 

relative to 2000 returns (U.S. Census Bureau 2021a; Newspaper Association of America 2012).  The loss 

in revenue from classified advertising is mirrored by other advertising revenue streams in both Canada 

and the United States; in the United States, it is estimated that revenue losses from other advertising 

streams is almost equal to the losses observed in classified advertising (Mitchell & Holcomb 2016).      

The decline in advertising revenues and circulation has had an impact on the demand for different paper 

products.  In Figure 2-5 (B), the consumption (i.e.  production, plus imports, less exports) of newsprint in 

Canada and the United States is examined.  A declining trend is observed in both nations; Canadian data 

are more erratic (largely due to the role of the country as an exporter and the relatively low levels of 

consumption that are observed), but over the 19 years of data presented, substantive reductions are 

observed in both Canada (down by 0.58 million tonnes per year) and the United States (down by 10.82 

million tonnes per year) (FAOStat 2021).    
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Figure 2-5 Advertising revenue and paper stock changes, Canada & USA, 2000-2019 
Source: (A) News Media Canada 2021; Newspaper Assoc. of America, 2012; U.S. Census Bureau 2021a; (B, C) 
FAOStat 2021 
Note: Stock is defined as Production + Imports - Exports 
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2.3.3 Summary of paper market disruption impacts 

Since 2000 Canada’s forest products sector has experienced cumulative declines of 6.7 Mt of newsprint 

production and 4.8 Mt of other paper and paperboard production (FAOStat 2021). As illustrated in the 

data presented in tables earlier in this chapter, declines in exports to the United States market 

accounted for 74.6% of the decline in newsprint production and almost two thirds (61.7%) of the 

declines in production of other grades of paper (FAOStat 2021). 

In 2000, Canada’s 60 newsprint mills produced more than 9.2 Mt of newsprint, or slightly more than 

150,000 tonnes per year (tpy) each; and the 128 mills producing other grades of paper manufactured 

11.7 Mt, slightly more than 90,000 tpy each. By 2019, there were 16 mills in Canada producing 2.6 Mt of 

newsprint, slightly more than 160,000 tpy per mill, and 90 mills producing 9.9 Mt of other grades of 

paper, just less than 110,000 tpy per mill (FAOStat 2021; Statistics Canada 2021a; Statistics Canada 

2016).    

The cumulative decline of 5.0 Mt of newsprint exports to the United States during the 2000-2019 period 

can be seen to have directly contributed to the closure of more than three quarters (80.1 %) of the 41 

newsprint mill closures that occurred during that period. The cumulative decline of 2.9 Mt of other 

paper and paperboard exports to the United States during the same period can be seen to have directly 

contributed to more than two thirds (71.1 %) of the 45 paper and paperboard mill closures that 

occurred during this period (FAOStat 2021; Statistics Canada 2021a; Statistics Canada 2016). 

Using average recovery factors for paper production (Benali 2015; FAO 2020) it can be estimated that 

these declines in annual Canadian paper production contributed to about 55% of the reduction in annual 

harvest during the 2004-2019 period.  This is equivalent to an average of about 30 M m3 per year, or 

more than 438 M m3 of cumulative harvest reduction.   
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2.4 Lumber and panel market changes 

2.4.1 Trends in lumber and panel production, imports, and exports 

Over a six-year period, hardwood and softwood lumber production declined from a peak of 61 M m3 in 

2004 to 32.8 M m3 in 2009 (see Figure 2-6). Over the ensuing decade output has recovered by about a 

third (29.5%) but remains about 30% below the output in peak years.  Structural panel production - 

oriented strand board, plywood, and other engineered products - also declined very rapidly, by more 

than 61% (6.4 M m3) during the Great Recession period of 2007-2009 and the extended downturn 

through 2012.3 As Figure 2-6 shows, there has been some recovery since, but production continues to 

be 35% below the 2007 peak. 

Historically, the United States has been the predominant market for Canadian wood products. As 

recently as 2008, almost 90% of all Canadian softwood lumber exports flowed to the United States 

market (Figure 2-7 (A)). The decline in exports to the United States markets has been an important 

contributing factor to the overall decline in wood products production in Canada over the past decade. 

The data also demonstrate the dependence of Canada’s wood products industries on conditions in the 

US market. 

Data for US softwood imports also illustrate the importance of Canada as a supplier to the US, with 

Canadian shipments consistently accounting for almost 90 percent of total annual American softwood 

imports until the onset of the Great Recession in 2007, and accounting for more than 70% of annual 

softwood imports since (Figure 2-7 (B)).  The drop in lumber exports to the US from Canada between 

peak years (2000-2006) and recent years (2016-present) averages approximately 14 million m3 per year, 

or about 30% of the overall decline in forest harvest in Canada over this period (see Figure 2-1). 

 

 
3  The ‘Great Recession’ began at the end of 2007, after two consecutive quarters of declining economic growth 

and officially ended inJune 2009 (Kalleberg and von Wachter 2018).  Within this period was the sub-prime 
mortgage collapse which saw Bear Stearns being absorbed by JP Morgan Chase in March 2008 , the US Treasury 
takeover of lenders Freddie Mac and Fannie Mae in September 2008, the collapse of Lehman Brothers and the 
bailout of insurer AIG in the same month, and bailouts of Citigroup, General Motors and Chrysler later that 
year.  
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Figure 2-6 Production, imports, and exports of lumber and structural panels, Canada, 2000-2019 
Source: FAOStat 2021 
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Figure 2-7 Trade flow of lumber, 2000-2017 
Source:  FAOStat 2021 

 

2.4.2 Disruptive factors in lumber and panel markets 

Decline in single-family home construction 

A predominant contributing factor to the decline in lumber usage has been the net decline in 

construction of single-family homes in the US, from 2007 to 2019. Historically, residential construction, 

particularly of single-family detached units, has been the single most important driver of demand for 

lumber and wood products in North America. Data from the US Department of Commerce, the 

Engineered Wood Association, and the USDA Forest Products Laboratory (Adair & McKeever 2009; 

McKeever & Elling 2015) show that residential construction (both single family and multi-unit) consumes 

up to 45% of North American softwood lumber and structural panels production during robust 

construction periods. These reports also note that during recession periods where construction slows, 

new residential construction accounts for as little as 20% of lumber use. 
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U.S. Census Bureau data show that the decline in residential construction in the United States was 

dramatic, from a peak of almost 2.0 million completions in 2006 and 2007, to a low of 586,000 in 2012 

(see Figure 2-8). Since then, United States residential construction activity has rebounded somewhat, to 

almost 1.2 million completions in 2019. Had construction activity continued at the 2000-2007 annual 

average (1.7 million units/year), 9.4 million more residential units would have been constructed than 

what was observed during the 2008-2019 period. 

 
Figure 2-8 Single family and multi-unit residential construction, Canada & USA, 2000-2019 
Source:  Statistics Canada 2021d; U.S. Census Bureau 2021b  

Shift to multi-family homes 

In Canada, the situation is somewhat different. As Figure 2-8 shows, multi-family unit construction has 

accounted for more than half of all new residential construction since before the onset of the Great 

Recession in 2007, rising to approximately 70 percent of new construction in 2019.  The impact of the 

Great Recession on Canadian housing construction was muted, as the predominant trend in Canadian 

construction is the shift to multi-family, multi-unit construction. 

The increasing importance of multi-family, multi-unit construction in the US and Canadian housing 

markets is important because this type of construction consumes significantly less lumber than single-

family homes.  As shown in Table 2-3, multi-unit residential buildings in the United States use less than 
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half (47.6%) the volume of wood used in single family home construction on a unit area basis. In Canada, 

multi-unit buildings consume 39.4% as much wood as a single-family home on a unit basis (Adair & 

McKeever 2009; Elling & McKeever 2015; McKeever & Elling 2015).  Adair and McKeever (2009) also 

calculated that average wood product use in new single-family homes in the US, including lumber, 

panels, engineered products, etc., increased from 0.168 m3/m2 in 2003 to 0.175 m3/m2 in 2006 (4%). The 

same data show that wood products used in construction of new single-family homes in Canada 

increased from 0.170 m3/m2 in 2003 to 0.236 m3/m2 in 2006 (39%). The increasing level of wood 

intensity in single family home construction in Canada appears to be related to higher levels of use of 

wood in floor systems, which is suggested to be attributable to the relatively less frequent use of 

concrete slab floor construction in Canada than in the US, and in the US South in particular (Adair & 

McKeever 2009).  

Table 2-3 Wood products use in new residential construction, Canada & USA, 2012/2013 

 
Number of 

completions (000)  
Total wood products 

used (M m3)  
Average wood use per 

unit (m3) 
United States - 2012      
Single Family 535 

 
19.2 

 
35.9 

Multi-Unit 245 
 

3.1 
 

17.1 
Canada - 2013      
Single Family 109 

 
3.5 

 
32.2 

Multi-Unit 79 
 

1.3 
 

12.7 
Total 968 

 
27.2 

 
28.1 

Source: U.S. Census Bureau 2021b; Statistics Canada 2021d; Elling & McKeever 2015; McKeever & Elling 2015 

Precise data for changes in total wood usage in construction of multi-family units over the 2000-2019 

period are unavailable; wood usage in single-family home construction in the US peaked at 

approximately 47.8 M m3 in 2006, and declined to 13.9 M m3 in 2011, a total decline of 33.9 M m3 (Table 

2-4).  

Using the 2013 data for Canada presented in Table 2-3 as a proxy annual value, it is estimated that wood 

products usage in Canadian new residential construction represents approximately 21.5 percent of the 

volume consumed in the United States; it can be further estimated that total North American wood 

products usage in new residential construction peaked at approximately 67.4 M m3 in 2006, declining to 

approximately 19.5 M m3 in 2011. 
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Table 2-4 Changes in wood products usage, single family home construction, USA, 2003-2019 

 Year 

Average single-
family home size 

Single-family home 
completions 

Average wood 
products use  

Total wood  
products use 

(m2) (000)  (m3/house) (M m3) 
2003 216 1,386 26.1 36.2 
2004 218 1,532 26.7 40.9 
2005 226 1,636 28.1 46.0 
2006 229 1,654 28.9 47.8 
2007 234 1,218 30.0 36.5 
2008 234 819 30.4 24.9 
2009 226 520 29.8 15.5 
2010 222 496 29.6 14.7 
2011 230 447 31.2 13.9 
2012 233 483 31.9 15.4 
2013 241 569 33.5 19.1 
2014 247 620 34.7 21.5 
2015 253* 648 36.0* 23.4 
2016 260* 738 37.3* 27.6 
2017 266* 795 38.6* 30.7 
2018 272* 840 39.9* 33.5 
2019 278* 903 41.2* 37.2 

Source: Adair & McKeever 2009, with updated data from Elling & McKeever 2015, McKeever & Elling 2015, US 
Census Bureau 2021b; US Census Bureau 2021c  
Notes: (*) Denotes estimates calculated from annual average change in category during 2010-2014 period. 

Changes in residence size 

The size of homes being built in both Canada and the US has changed over time as shown in Figure 2-9.  

The average size of new single-family homes constructed in the United States increased steadily from 

2000 to 2019, from 207 m2 to 231 m2, or about 11%. A similar trend also held for multi-family units in 

the US, rising from 125 m2 to 144m2, an increase of 15%. In Canada, growth in the size of single-family 

homes was even more distinct as the impact of the Great Recession did not result in the pause observed 

in the US.  Single-family homes in Canada grew from 198 m2 to 231 m2, or 16% between 2000-2019.  An 

important difference between the Canadian and US markets can be seen in the size of multi-family 

homes; Canadian units tend to be much smaller and decreasing in size, from 80 m2 to 67 m2 (15%) 

between 2000-2019.  
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Figure 2-9 Average size of new residential builds, Canada & USA, 2000-2019 
Source:  Statistics Canada 2021e; U.S. Census Bureau 2021b; U.S. Census Bureau 2021c 

Rates of household formation 

It has been suggested that the rate of household4 formations is a significant driver of demand for 

housing (Lee & Painter 2013; Miron 1988; Paciorek 2016). As illustrated in Figure 2-10, US Census data 

shows that that new household formations plummeted to a total of 1.5 million in the three years of the 

Great Recession (2007-2009), compared to slightly more than 4.0 million in the three years immediately 

prior (2004-2006). Lee and Painter (2013) also show that increases in the unemployment rate and the 

occurrence of recessions reduce the rate of household formations  . They explore a number of 

demographic and other factors that contribute to the rates of household formation. Their analysis 

indicates that levels of economic uncertainty that accompany recessionary downturns contribute to 

decisions that result in reductions in household formations, including for example delays in departures 

from parental residences.  

 
4  A "dwelling" is a set of living quarters. It might, for example, be an apartment in a large building; a flat in a 

house; one unit in a duplex, triplex, or other small apartment building; a row, semi-detached, or detached 
house; a mobile home; a houseboat; or a tent. A "household" is simply the collection of people "usually 
resident" in that dwelling. A household might consist of a person living alone; it might be a family; it might be 
some combination of one or more families and/or unrelated persons (Miron 1988) 
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Figure 2-10 Household formations and recessions, USA, 1968-2017 
Source: Lee & Painter 2013; U.S. Census Bureau 2021b; U.S. Census Bureau 2021c 

As Figure 2-11 below illustrates, housing construction in Canada has only occasionally lagged the rate of 

household formations, the rate of household formations shows relatively limited volatility, and the gap 

between the two indicators has been limited. In the United States, both indicators have shown greater 

volatility than in Canada and housing construction has lagged and exceeded formations at different 

times.  
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Figure 2-11 Household formations and housing completions, Canada & USA, 2000-2019 
Source: Statistics Canada 2021d; U.S. Census Bureau 2021b; U.S. Census Bureau 2021c 

Data are not yet available to indicate the impacts of the COVID-19 pandemic on the rate of household 

formations or on residential construction in either Canada or the United States. Recent media coverage 

on housing markets in both countries would indicate demand for housing noticeably exceeds available 

supply (Anderssen 2021; Friedman 2021; McGugan 2021). This phenomenon would seem to suggest the 

rate of household formations has exceeded rates of residential construction, likely for several years. 

Interestingly, analysis of construction and household formation data for both Canada and the United 

States suggests the opposite: that in both countries the number of residential units constructed have 

exceeded the number of households formed during the past two decades, as shown in Table 2-5. 
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Table 2-5 Cumulative household formations, residential construction, Canada & USA, 2000-2019 

 

Household 
formations  

(000 households) 

Residential 
construction  
(000 units)  

Difference 
(000) 

Difference 
(%) 

Canada 2,440 2,668  228 9.4% 
United States 21,567 25,145  3,578 16.6% 

Source: Statistics Canada 2021d; U.S. Census Bureau 2021b; U.S. Census Bureau 2021c 

It is unclear how the current housing market conditions described above prevail in markets in which 

more housing has been constructed than there were households formed. Additional investigation and 

analysis are required to further our understanding of this phenomenon. Possible issues to be examined 

could include: the impact of population migration from areas that have experienced economic decline to 

other regions within the country; the impact of destruction or abandonment of housing on available 

supply; and the impact of survey design and data collection on measurement of changes in smaller 

centres and rural areas, particularly with respect to population migration and status of housing stock. 

New residential construction is considered to be the largest wood building products consumption 

market segment, though periods such as the Great Recession can result in fluctuations in relative size of 

other market segments (Howard & Jones 2016; Howard & McKeever 2016). These market segments 

include residential repair and remodelling, non-residential construction, manufacturing, packaging, and 

shipping, and other uses.  Estimating annual volumes of wood products consumed in each of these 

segments is difficult, due to the lack of regular assessment by government agencies and the changing 

methodologies used in these assessments; there has never been a year where all end markets for wood 

products have been studied, and this means that there will always be a portion of consumption for 

which it will be difficult to account (McKeever & Howard, 2011). 

Table 2-6 summarizes known trends in wood product use by category; from this table, it is evident that 

there was overall decline in wood use through the Great Recession and extended downturn. The decline 

in new residential construction is the major driver of that change. Total North American consumption of 

wood products declined 135.9 M m3 from the peak in 2006 to 2011, and estimated consumption 

remains 22.2% (42.5 M m3) below peak levels.  
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Table 2-6 Estimated North American wood products consumption by major end use, 2003-2019 

Year 

Residential 
construction 

(M m3) 

Residential 
repair and 

remodelling 
(M m3) 

Non-
residential 

construction 
(M m3) 

Manufacturing, 
packaging, and 

shipping 
(M m3) 

Other 
applications 

(M m3) 
Total 

(M m3) 
2003 50.8 36.3 29.0 14.5 14.5 145.2 
2004 57.4 41.0 32.8 16.4 16.4 164.0 
2005 64.6 46.1 36.9 18.4 18.4 184.5 
2006 67.1 47.9 38.3 19.2 19.2 191.7 
2007 51.2 36.6 29.3 14.6 14.6 146.4 
2008 34.9* 25.0 20.0 10.0 10.0 99.9 
2009 21.8* 15.5 12.4 6.2 6.2 62.2 
2010 20.6* 14.7 11.8 5.9 5.9 59.0 
2011 19.5* 13.9 11.1 5.6 5.6 55.7 
2012 21.6* 15.4 12.4 6.2 6.2 61.8 
2013 26.8 19.1 15.3 7.7 7.7 76.6 
2014 30.2 21.6 17.2 8.6 8.6 86.2 
2015 32.8 23.5 18.8 9.4 9.4 93.8 
2016 38.7 27.7 22.1 11.1 11.1 110.7 
2017 43.1 30.8 24.6 12.3 12.3 123.1 
2018 47.0 33.6 26.9 13.4 13.4 134.3 
2019 52.2 37.3 29.8 14.9 14.9 149.2 

Source: Adair & McKeever 2009; Buehlmann et al. 2017; David 2009; Elling & McKeever 2018; Elling & McKeever 
2015; Howard & Liang 2019; Howard & Jones 2016; Howard & McKeever 2016; Howard and McKeever 2015; 
McKeever & Elling 2015; McKeever & Elling 2014; McKeever & Howard 2011 
Notes: (*) Howard & McKeever (2016) estimates 

Relative changes in residential construction, lumber stocks, and panel stocks 

Overall, the linkage between overall residential construction and wood products demand is illustrated in 

Figure 2-12. Residential construction in the United States declined by more than two thirds (72.1 %; 

1,393 units) from 2007-2012 and remains 40% below the 2007 peak despite moderate gains since 2012.  

Canadian production of lumber and structural panels peaked slightly ahead of the construction peak, in 

2005; and the trough in production was similarly just ahead of the trough in construction demand, in 

2009. Canadian production of lumber and structural panels declined to 38.6 million m3 at its trough in 

2009 (FAOStat 2021). 

Lumber stocks in Canada (Figure 2-12 (B)) have typically remained above 2000 levels but were affected 

by the Great Recession of 2007-09 and extended downturn, which led to a period where stocks 

remained close to the 2000 levels.  While stocks have been higher in recent years, they have not grown 

significantly, nor is there an upwards trend in lumber availability within the country.  This reflects the 

two trends explored previously - upwards growth in single family home size coupled with an increasing 

number of multi-family, multi-unit homes in the marketplace that are characterized by a declining 
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footprint.  Essentially, Canadian lumber consumption is remaining fairly constant even while the market 

shifts significantly within the country. 

Lumber stocks in the US, on the other hand, remain about 20% lower in 2019 than they were in 2000.  

This reflects the substantive changes in the US housing market, and the lingering aftereffects of the 

Great Recession and extended downturn.  The lower consumption of lumber within the USA has had an 

impact on the Canadian forest products industry, which has seen exports to the US decline 

substantively.   

The apparently anomalous increase in Canadian structural panel production shown in Figure 2-12  can 

be explained by the very rapid expansion in Canadian OSB production capacity that took place beginning 

in 2001, with 8 waferboard (OSB) manufacturing [NAICS 321217] facilities added between 2000 and 

2006 (Table 2-1). The rapid increase is accounted for entirely by the expansion of OSB output which 

more than doubled from 1995 to 2000, from 3.7 million m3 to 7.9 million m3; and increased by an 

additional 32.1% (2.5 M m3) from 2000 to 2007, before declining by almost two thirds (61.7 % or 6.4 M 

m3) by 2009. By 2007, OSB production had also increased to represent 80 percent of total structural 

panel production (FAOStat 2021).   As the data in Table 2-6 and in Figure 2-12 (C) show, there was 

subsequently a sharp realignment of panel output to the realities of North American residential 

construction, with 19 OSB manufacturing plants closing between 2006 and 2011 (Kryzanowski 2012; 

Statistics Canada 2016). The rise and rapid decline in OSB production is well illustrated by the rise, 

decline and bankruptcy of Grant Forest Products of Englehart, ON as reported by Northern Ontario 

Business and The Globe and Mail (Stewart 2009; Waldie 2011).  
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Figure 2-12 Housing construction, lumber and panel stock changes, Canada & USA, 2000-2019 
Source: FAOStat 2021 
Note: Stock is defined as Production + Imports - Exports 

Mutual dependency between lumber and paper production 

Typically, from the total fibre intake by a softwood lumber sawmill, approximately 45% of the output 

will be in the form of solid sawnwood (i.e. lumber), 45% will be in the form of wood chips which will be 

sold as input to either panel or pulp production, and 10% will be in the form of bark, sawdust and 

shavings which may be sold to a variety of customers (such as farmers seeking animal bedding material) 
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or as fuel for energy generation which is frequently used to generate process heat and electricity (FAO 

2020).  

The decline in pulp and paper production described earlier in this chapter – more than 10 Mt for just 

graphic papers over a 20-year period – would represent a decline in demand for wood chips 

approaching 30 Mt, over the same period (FAO 2020). Even if one assumed the decline progressed in a 

straight-line average of 1.5 Mt annually, that would represent an annual decline in demand for chips 

equal to the output of approximately 15 mid-sized softwood lumber mills in Canada. Without a buyer for 

those chips, the sawmills could simply not survive. 

Conversely, if one assumed the sawmills declined first because of declining demand for lumber, that loss 

of supply would represent a catastrophic disruption in raw material supply equivalent to the annual 

needs of approximately 6-8 typical Canadian paper mills. As forest products manufacturers focused 

primarily on the paper side of the industry note in financial report filings, reductions in demand for 

lumber could lead to long-term changes in overall fibre supply (Domtar 2017). 

If the apparent upward trend in new residential construction and residential remodelling and repair 

continues with increased pressure on available building products supply (Hayward 2021), the potential 

exists for the decreased size of Canada’s pulp and paper sector to present a constraint on the availability 

of markets for wood chips, thus potentially limiting wood products production and limiting supplies and 

increasing costs of products in the market, as is evident at the time of writing (Dasoo 2021). 

2.4.3 Summary of lumber and panel market disruption impacts  

Hardwood and softwood lumber production in Canada declined by 28 M m3 from 2006 to 2009 and 

remains about 30% below the output at peak. During the same period, structural panel production also 

declined by 6.4 M m3, and production continues to be 35% below the 2007 peak. From 2006-19, these 

declines represent a cumulative production loss of approximately 265.6 M m3, representing 21.5% of the 

estimated cumulative decline of 1,233 M m3 in North American wood products consumption from the 

2006 peak through 2019.  

The peak-to-trough decline in softwood lumber production - 27.1 M m3 from 2004 to 2009 - would 

represent the output of approximately 110 typical softwood mills producing about 250,000 m3 of lumber 

annually. The peak-to-trough decline in OSB production - 6.4 M m3 from 2007 to 2009 - would represent 

the output of approximately 24 mills based on the average output per mill during that period.  Indeed, 

19 OSB mills were closed in Canada between 2006 and 2011.   
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The cumulative Canadian wood products production losses of approximately 266 M m3 is approximately 

33% of the cumulative decline in roundwood harvest observed between 2000 and 2019.  In actual fact, 

this number is higher; for any given tree harvested, only a portion is used for lumber or panels while 

another fraction is used for paper (FAOStat 2021).  The decline in wood products production is likely 

represented by a cumulative decline of 530 million m3 of roundwood harvest through the same period, a 

portion of which has already been counted in the decline of newsprint and paper production in previous 

sections.   

2.5 Conclusions 

Changing forest products markets have contributed to a decline in overall wood harvest in Canada that 

is estimated to have reached a cumulative 797 M m3 over the years 2004-2019.  Manufacturers of 

conventional forest products have experienced fundamental, disruptive change that that has been 

driven by two overarching factors: (1) widespread adoption of internet usage combined with the 

introduction of new technologies and applications which facilitated significant changes in consumer 

behaviour with respect to interactions with advertising and media led to reduced demand for newsprint 

and other graphic papers, and (2) the dramatic decline in residential construction in the US resulting 

from the Great Recession of 2007-2009 and the extended downturn to 2012, along with a changing mix 

in household construction, resulted in reduced demand for lumber and wood building products. 

Graphic papers, (newsprint and printing writing grades) have historically been the backbone of Canada’s 

pulp and paper industries, accounting for 74.3% of Canada’s paper output in 2000. By 2019 Canada’s 

total paper production had declined by 54.7% (11.5 Mt), and the relative contribution of graphic papers 

had fallen to 55.7% of the total production of 9.5 Mt. These declines reflect fundamental behaviour 

changes with respect to how consumers consume news and media, away from newspapers and 

magazines towards electronic, online sources; the changes have been exacerbated by a sharp decline in 

the revenue sources (classified ads) that made newspapers and magazines a viable financial proposition.  

Such behavioural shifts are certainly permanent and can be expected to continue and place further 

downward pressure on demand for such grades of paper.  It is estimated that the changes in the 

newsprint and paper markets have contributed 55% of the reduction in wood harvest between 2004-

2019 - approximately 438 M m3 of wood in total.   

The collapse in residential construction that occurred with the Great Recession in 2007-2009 and 

extended downturn into 2012 generated a significant, rapid decline in demand for lumber and panel 

products. Construction levels have not yet returned to pre-crash levels, particularly for single-family 
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units. Average wood use per unit in single-family unit construction in both Canada and the US has 

increased since the Great Recession, but this increase in demand has been more than offset by 

continuing reduced levels of new residential construction, which represents the single largest 

consumption segment in demand for wood products. Importantly, there is a growing trend towards 

multi-family, multi-unit construction which uses far less wood per unit than single-family homes.  In the 

US, demand for new homes has begun to recover, but the drop in imports of lumber and panels from 

Canada has persisted since 2008, and demand for Canadian wood in the US housing market is 

significantly lower than it once was.  In Canada, demand for lumber in 2019 is slightly higher than it was 

in 2000 but shows little sign of growth; despite increases in the size of single-family homes in Canada, 

the size of multi-unit, multi-family dwellings is decreasing on average.  Overall, the loss of exports from 

Canada to the US market has led to a cumulative decline of 266 M m3 between 2004-2019, or 

approximately 33% of the overall decline in forest harvest in Canada.   

The estimates presented in this chapter suggest that declines in paper consumption and a changing US 

housing market have contributed to a cumulative decline in wood demand of approximately 704 M m3 

between 2004 and 2019.  This accounts for 88% of the decline in wood harvest across Canada.  Because 

the forest industry uses individual trees for multiple products, however, this analysis likely 

underestimates the cumulative impact of these two trends.  The interdependence of pulp and paper 

production on sawmill residues means that a reduction in demand for lumber will also impact 

production of paper; conversely, a drop in demand for paper will reduce the profitability of sawmills.  

The interplay among these factors likely explains the remaining 12% of Canada’s forest harvest decline. 

It can be argued and is likely that North American demand for structural wood products will eventually 

return to levels seen prior to the Great Recession, as continuing population growth fuels demand for 

housing. It seems very unlikely, however, that demand for paper products will return based on the 

structural changes observed in those markets.  Without concurrent increases in demand for the wood 

chips, the wood products industry in Canada may be constrained in its ability to grow and meet new 

demand for solid wood products. 

The structural changes that have occurred in markets for conventional forest products have had impacts 

on a diverse range of communities across the country, with the permanent mill closures and related loss 

of employment threatening their sustainability and, in some instances, their continued existence. In the 

face of such fundamental, structural change, finding new technology, product and market pathways to a 

sustainable future is imperative if use of the country’s forest resources is to continue contributing to our 
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socio-economic and environmental sustainability. Exploration of some of those possible pathways and 

of the public policy supports that may be needed in their pursuit will be the focus of subsequent 

chapters in this thesis.  
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Chapter 3 Policy barriers and pathways to forest-based biorefinery 
development 

3.1 Abstract 

An analysis of policy initiatives launched between 2001-2017 is carried out to document policy 

responses to long-term decline in Canada’s forest products sector, to identify ways in which the policy 

response has changed during this period, and to reflect on the implications of these changes for 

transition within the forest products sector.  An analytical framework was developed to assess policies 

through four lenses: industry sector focus, industrial process stage focus, policy mechanism, and broad 

policy domain or area of interest.  Over the 16-year period covered by this analysis, 128 individual 

policies were identified and assessed at Federal or Provincial levels across Canada.  The decline in the 

forest sector (2004-2009) coincided with the introduction of programs designed to specifically address 

biorefining and forest product diversification.  Energy-related policies were introduced in 2003 and 

became dominant between 2007-2010; this reflects the importance of external factors (i.e.  global 

warming) on forest sector policy.  Current policies focus primarily on biorefining opportunities and are 

designed to engage non-conventional industry in the development of the biorefinery.  On the whole, 

policy mechanisms have become less sector-focused, and now allow actors from a variety of sectors to 

take part in the emerging bioeconomy.  It is difficult to assess the success or failure of policies 

implemented, as the definition of ‘success’ within these policies was often unclear and is left unassessed 

by follow-up analyses.  More clearly defined measures of success, and better data to monitor progress in 

policy implementation, are necessary. 
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3.2 Introduction  

This chapter explores Federal and Provincial government policies introduced and implemented across 

Canada over the 2001-2017 period, designed to support the forest sector  The decline in forest harvests 

discussed in Chapter 2 provided the impetus for many different policy interventions, and this chapter 

seeks to identify and review these interventions.  In this analysis, the term policy is used to refer to both 

official government policies, as well as programs and other public-sector initiatives introduced to 

directly or indirectly support Canada’s forest sector in its transition to a more diverse bioeconomy. 

This chapter addresses the ways in which policy designed to support Canada’s forest sector evolved over 

time, and seeks to identify the main areas of focus of government policy during different periods, 

including pre-, during, and post-decline.   

The primary research objectives of this policy analysis are to: 

(a) Identify and assess policy initiatives launched in the 2000-2017 period as the basis for evaluating 

the policy response to the changes in the forest products sector explored in Chapter 2; 

(b) Identify the ways in which policy initiatives have changed during this time, with specific focus on 

three defined periods: pre-decline (2001-2005), decline (2006-2010), and post-decline (2011-

present); and 

(c) Assess the extent to which these initiatives support transition within the forest products sector.  

A secondary objective of this review is to discuss the ways in which policy success are measured, and to 

identify gaps in the data available to monitor the implementation of policy initiatives and determine 

whether or not goals are being met.   

The anticipated changes to policy could be categorized in four ways.  Policy could expand beyond the 

traditional forest sector to include other industrial sectors, in an attempt to grow participation in the 

bioeconomy and support new product development.  Policy could shift in terms of industrial process 

stage and could focus on different aspects of feedstock recovery, processing, or market development; 

these endeavours might engage both conventional forest product companies as well as emerging actors 

in the bioeconomy.  Policy mechanisms employed could change in character, with a different mix of 

mandates, incentives, tax programs, etc. designed to spark new innovation and development in the 

bioeconomy.  Finally, policies could focus on specific (but changing) areas of interest - for example 

bioenergy generation or biorefinery development.  Each of these anticipated changes were explored by 

implementing a different analytical framework and classifying policy initiatives within these frameworks.   
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The contribution of this research is twofold: first, the evolution from direct focus on addressing the 

challenges faced by Canada’s forest products sector during its intensive decline to a wider, multi-sector 

approach to biorefining development is tracked; and second, the challenges of measuring direct socio-

economic impacts or benefits of such policy initiatives is identified and defined. 

3.3 Approach 

3.3.1 Policy review 

Several existing compilations of legislation, policies and programs served as initial inputs to the 

database; they also provided a comprehensive list of federal and provincial government departments 

and agencies with responsibilities in policy areas that could affect further development of the forest 

bioeconomy.  These included relatively recent papers (Blair 2013; Roach & Berch 2014) as well as a 

compendium of forest sector innovation focussed policies compiled by the Canadian Council of Forest 

Ministers (CCFM 2015).   

The legislation, policies and programs identified from these compilations were consolidated into a single 

database to serve as a basis for future investigation.  Data were compiled for each policy describing the 

authoring agency, including the website addresses associated with each (home page, media and/or 

communications page).  Each of these websites was assessed in order to update information and 

provide the current status of each policy.  The research focused on identifying policy and program 

initiatives in effect from 2001-2017; the year 2001 was selected as an arbitrary starting point to this 

analysis, meaning that this search only recovered policies and programs that were introduced in or after 

that year.  The first year of data collection (2001) was considered a ‘pre-analysis’ year, as the number of 

initiatives identified was low.  The subsequent sections of this chapter explore shifts in policy as the 

forest sector went from relatively high levels of harvest (2002-2005), followed by precipitous decline 

(2006-2010) and return to steady state (2011-2017), albeit below 2001 – 2005 levels  The years 

following (2018-2020) are included as ‘post-analysis’ years; no new policies are examined for this period, 

but the analysis considers policies from previous years that continue through this period.    

The list of authoring agencies was then used as the basis for an extensive search for new programs, 

policies, and initiatives.  Keyword searches were executed for ‘forest bioeconomy’, ‘forest biomass’, 

‘forest bioenergy’, ‘forest industry development’, ‘forest industry innovation’, ‘forest policy’, ‘forest 

resource management’, ‘forest sector development’, ‘forest sector policy’, ‘renewable bioenergy’, 

‘sustainability’, ‘sustainable development’, and combinations of these words and phrases.      
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Recognising that the structure, composition and responsibilities of departments and agencies can shift 

over time, searches were then undertaken to identify those entities with policy and program 

responsibilities which could potentially affect forest bioeconomy development (both directly and 

indirectly) for each of the 10 provinces.  This search included entities with responsibility for such issues 

as innovation, productivity improvement, renewable energy development, and climate change, even 

though these might or might not directly focus on forest resources or the forest sector.  The keywords 

identified above were used to drive these searches. 

Finally, searches for the key word topics identified above were also undertaken within the 

communications and news release databases within each jurisdiction, some of which could be 

conducted at the jurisdiction-wide level, while others required departmental or agency level searching. 

Over the 17-year period covered by this analysis, 128 individual policies were identified and assessed. 

For each initiative, data describing its intent, objectives, and provisions, as well as year of initiation, was 

compiled to the extent practicable.  It is important to note that only legislation, policies, or programs 

that could be applicable in a forest-based context were included. Thus, programs that fostered 

development of the bioeconomy, but which were exclusive to agricultural feedstocks, for example, were 

excluded. A summary list is presented in Appendix A. 

3.3.2 Analytical frameworks 

To identify and develop useful and practical frameworks to analyze the policies identified above, various 

comparative analyses of bioeconomy and forest bioeconomy policies and strategies in several 

jurisdictions were reviewed (Birch 2016; Dietz et al. 2018; Falcone et al. 2019; Gravey et al. 2016; 

Hurmekoski et al. 2019; Ladu et al. 2019; Linkevičius et al. 2019; Lovrić et al. 2019; Meyer 2017; Näyhä 

2019; Peltomaa 2016; Shanahan et al. 2018; Wessler & von Braun 2017).  Four distinct analytical 

approaches emerged from this review.  The first approach focused on growth or development of 

different industrial sectors that could contribute to the overall bioeconomy.  Related but distinct to this 

was a second approach, which brought policy focus to specific industrial process stages, from feedstock 

recovery through to market development as well as product research and development.  There were 

also two analytical approaches that were built on policy characteristics: one used policy mechanisms as 

a basis for analysis, while the second used policy domains (i.e. specific areas of interest).  In the analysis 

that follows, each of the four approaches are modified for application to the Canadian forest 

bioeconomy.  
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As noted in the EU bioeconomy strategy, advancement of the bioeconomy requires coordinated policy 

initiatives which cover a wide range of topics (Ladu et al. 2019). Whether such coordination can be 

achieved within the Canadian federal system, where natural resources policy and management is the 

domain of the provinces, is questionable. Canada’s bioeconomy policy framework is highly fragmented 

and for the period of the analysis consisted of multiple policy frameworks, due to a lack of a 

coordinating federal initiative in this space (Birch 2016) and the importance of provincial policy in 

determining forest sector potential. Indeed, as Birch also notes, very different bioeconomy strategies 

have been adopted in the provinces of British Columbia, Alberta and Ontario (Birch 2016; Wesseler & 

von Braun 2017).  This analysis includes policies at the federal level as well as provincial levels in order to 

permit comparative analysis which sheds light on the different approaches that are being employed. 

Framework A - Industry sector 

From an initial review of the identified policy and program initiatives, it was apparent that some focused 

directly on the forest products sector, while others referred to broader sectors such as clean 

energy/clean technology.  At the sector level, there were also differences - for example, some forest 

products sector initiatives explicitly supported conventional products manufacturing, while others 

fostered production of new, transformational products.  Similarly, energy-focused policies might address 

bioenergy or renewable energy.  

To capture and reflect these distinctions, the codes developed for this framework (shown in Table 3-1) 

cover the range of sector focus possibilities from conventional forest products, through forest 

biorefining, to multi-sector bioeconomy and innovation-driven approaches. 
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Table 3-1 Coding categories, industry sector focus 
Industry Sector Focus Coding Explanation 
Forest products (conventional) This category refers to conventional wood, pulp or paper products, including 

sawnwood (lumber), panel products, mechanical or chemical pulp, paper of any 
grade, or paper-based packaging materials, including corrugating medium 

Forest products (transformational) Included in this category are forest products of a ‘transformational’ nature, 
produced using conventional or slightly modified production technologies. 
Products included within this category could range from mass timber products 
to dissolving pulp to specialty paper grades 

Energy (bioenergy) This category includes energy produced from forest biomass fuels, and could 
include combined heat and power production, including within forest products 
manufacturing operations; the category can also include other biomass fuels 
(i.e.  based on agricultural materials) 

Energy (renewable energy) This category is applied to policy / program initiatives focused on stimulating 
clean or renewable energy without excluding forest-based projects 

Bioeconomy (biorefining) This category is applied to initiatives that explicitly foster development of forest 
biorefining and related bioproducts 

Bioeconomy (multi-sector) This category is applied to initiatives that foster development of biorefining and 
related bioproducts in any sector, without excluding forest-based projects 

Innovation (biorefining) This category is applied to initiatives which specifically foster innovation of the 
bioeconomy, in any sector without excluding forest-based projects 

Innovation (clean energy/clean tech) This category is applied to initiatives which are focused on innovation in clean 
energy and clean technologies, without excluding forest-based projects 

 

Framework B - Industrial process stage  

As with the industry sector focus of initiatives, examination of the identified initiatives showed that 

various jurisdictions focused on different stages of the forest products industrial process, from 

management of the resource and its harvesting through primary processing to secondary and tertiary 

manufacturing to market development.  Coding categories reflecting these different approaches were 

developed and are described in Table 3-2. 
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Table 3-2 Coding categories, industrial process stage focus 
Industrial Process Stage Focus Coding Explanation 
Feedstocks (forests) This category includes policy / program initiatives which focus on forest 

resource management as a basis of feedstock generation for new forest 
products manufacturing. 

Feedstocks (residues) This category is applied specifically to treatment of harvest resides as a basis of 
feedstock generation for manufacturing of new forest products. 

Facility conversion This category is applied to initiatives which are focused on stimulating changes 
to conventional wood products manufacturing processes or conventional pulp 
manufacturing processes, as a basis for stimulating manufacturing of new forest 
products. 

Facility development This category is applied to initiatives which are intended to stimulate conversion 
of conventional forest products manufacturing facilities to biorefining and 
bioproduct production. 

Market development (conventional) This category includes initiatives which are focused on helping industry develop 
new markets, (eg. new export markets or new usage applications), for 
conventional forest products. 

Market development (biorefining) This category includes policy / program initiatives which are focused on 
development of markets, (including applications), for forest bioenergy and 
forest bioproducts. 

Targeted R&D This category is applied to initiatives which support research and development 
related to forest biorefining technologies and process and / or to related 
bioproduct development.  

Broad sector support This category includes initiatives which stimulate industry development broadly 
without being limited to any sector or stage of industrial process, within which a 
forest-based biorefining project could be included, (eg. Ontario’s Northern 
Growth Plan, Ontario’s Green Energy and Green Economy Act, and Québec’s 
revised Plan Nord). 
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Framework C - Policy characterisation 

Policy could also be defined based on the mechanisms that they use to support bioeconomy 

development.  Eight categories were used to identify these mechanisms, as shown in Table 3-3.   

It should be noted that these categories can be divided into circumstantial and enabling initiatives.  The 

circumstantial characterisation refers to policy/program initiatives which create a general set of 

circumstances through which forest biorefining, bioproduct manufacturing or forest bioeconomy activity 

could potentially be supported, but which do not appear to have been specifically designed to stimulate 

forest sector change or development. These can include mandates, tax support, resource allocation, or 

comprehensive support packages.  An example of a circumstantial initiative is the Renewable Energy 

Standard component of Nova Scotia’s Environmental Goals and Sustainability Prosperity Act, which was 

passed in 2007. The standard creates the circumstances under which it is possible for forest-based 

renewable energy projects to be supported and developed, without limiting the initiative’s potential 

coverage of other forms of renewable energy. 

The enabling initiatives describe policies which specifically facilitate the development of forest 

biorefining and production of forest-based bioproducts. These policies create opportunity through 

provision of incentives or creation of pathways for investment; these policies can include market 

mechanisms or comprehensive mechanisms to develop the sector.  Examples of policy/program 

initiatives included within this characterisation include the ecoEnergy for Biofuels Initiative introduced 

by Natural Resources Canada in 2008, which supported the production of renewable alternatives to 

gasoline and diesel and encourages the development of a competitive domestic industry for renewable 

fuels, and Ontario’s implementation of a cap-and-trade system as the basis for achieving further 

reductions in greenhouse gas emissions initiated in 2015. 
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Table 3-3 Coding categories, policy characterisation 
Policy Characterisation Coding Explanation 
Mandate Initiatives included within this category establish mandates (eg. renewable 

energy standards), which could be met in whole or in part by forest-based 
resources or products, but which do not specify that such mandates must be 
met by forest-based resources or products. 

Tax support Initiatives included in this category typically provide a wide range of financial 
incentives or supports, (including for example tax credits), which could be 
applicable to forest biorefining projects, but which could also be applied to 
other forest-products focused activities or to other sectors. 

Resource allocation This category includes initiatives through which forest resources / biomass 
could potentially be valorised or utilised, but which are not focused exclusively 
on forest resources. 

Comprehensive support  This category is applied to initiatives which are comprised of multiple support 
elements (eg. multi-faceted research and development support programs) 
which could facilitate forest biorefining development, but which are not limited 
specifically to the forest sector. 

Incentive This category is applied to initiatives which provide a direct incentive to support 
development of forest biorefineries. Examples include credits for production of 
biofuels, with some initiatives offering additional incentives for use of more 
advanced (second generation) technologies. 

Investment This category is applied to initiatives which provide direct financial investment 
support for which biorefining projects would be eligible. 

Market mechanism Initiatives included in this category provide market certainty – commonly 
through mechanisms such as feed-in-tariff pricing and guaranteed purchase 
agreements for production of desired products, and for which forest biorefining 
projects would be eligible. 

Comprehensive mechanism This category is applied to multi-faceted initiatives which provide often wide-
ranging supports for desired outputs, such as renewable energy and / or 
reduced GHG emissions, and for which forest biorefining projects would be 
eligible. 

 

Framework D - Policy domain 

The identified policy / program initiatives can also be categorized based on the area of focus, or specific 

outcomes, that the initiatives were geared towards.  To capture these differences the following 

framework was applied. 
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Table 3-4 Coding categories, policy domain focus 
Policy Domain Focus Coding Explanation 
Forest resource use This category is applied to policy / program initiatives which express 

objectives related to forest resource management, biomass utilization, and 
natural resource industries, in the context of further development or 
transformation of the forest sector 

Forest industry Initiatives included within this category explicitly state objectives related to 
advancement and development of the forest products sector 

Bioenergy production Initiatives included within this category express a purpose or objective of 
advancing clean, renewable energy production, without explicitly excluding 
energy projects based on utilisation of forest biomass or other forest products 
manufacturing outputs. (eg. Black liquor from chemical pulping) 

Biofuel production This category is applied to initiatives which are explicitly focused on 
production of biofuels, without explicitly excluding such projects based on 
production of fuels from forest biomass or co-products from forest products 
manufacturing 

Biorefinery development This category is applied to initiatives which are explicitly focused on 
production of bioproducts and biomaterials, or advancing development of 
biorefineries, without explicitly excluding forest-based products 

Clean tech development Initiatives included within this category express a purpose or objective of 
advancing development of clean or bio technologies, without explicitly 
excluding forest biorefining projects 

Sustainable economic development Initiatives included within this category express broad-ranging sustainable 
economic development objectives, again without explicitly excluding forest 
biorefining projects 

Climate change Initiatives to which this category is applied explicitly express mitigation of 
climate change, most often through reduction of greenhouse gas (GHG) 
emissions, as the objective or purpose, but without explicitly excluding 
possible forest biorefining projects 

 

As will be discussed in more detail in the following sections, the analytical framework summarised in the 

coding categories described in the preceding tables is intended to facilitate evaluation of the extent to 

which public policy, at both the federal and provincial/territorial levels fostered or constrained 

transition from a declining conventional forest products sector to a forest-based bioeconomy during the 

2001-2017 period. 

3.4 Canadian forest bioeconomy policy environment 

As described in Chapter 2, Canada’s forest products sector began the 21st century at a robust harvest 

level which remained in a strong steady state until approximately 2004-2005.  During the first years of 

the period being examined, the policy environment remained very stable, with only a small number of 

initiatives being introduced each year, as shown in Figure 3-1 (top).  Note that in 2001 only one initiative 
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was identified. For this reason, 2001 is considered a ‘pre-analysis’ year and not regarded as indicative of 

trends.  It is evident that the majority of initiatives in these early years were introduced by the federal 

government, primarily Natural Resources Canada (Figure 3-1, bottom).   

A period of sharp decline, as explored in the previous chapter, left the Canadian forest industry with 

substantively reduced harvest levels by 2010.  These declines were met with an increasing number of 

policy initiatives, with more than 50 specific initiatives introduced between 2007 and 2009.  While the 

number of new initiatives declined year on year after 2011, a substantive number of initiatives remained 

active throughout the second half of the 2010 decade (the ‘post-analysis’ period).   

During the early 2000’s almost two thirds of the small number of new initiatives were introduced by the 

Federal Government, primarily Natural Resources Canada. As the need for more urgent action became 

evident through the 2006-2010 period, more action by individual provinces became evident.  This largely 

reflects action taken by the provinces as overall forest harvest levels declined.  Beginning in 2006, the 

majority of new initiatives were introduced by provincial governments, with the most activity being 

observed in BC and Ontario (2004-2006) and Quebec and Alberta (2006-2008), the four provinces which 

represent the largest forest estates in Canada.   

As the forest sector stabilized at lower harvest levels post-2010, the number of new initiatives declined 

as well.  The provinces remained highly active in developing and delivering initiatives in this period, with 

the federal government playing a declining role.  The number of active initiatives has remained high 

throughout the period of analysis and into the post-analysis period (2018-2020), with the majority of 

active initiatives being driven by (in declining order) BC, Quebec, Alberta, Ontario, and the federal 

government.   

A total of 128 policy initiatives were identified in this analysis, as described in Appendix 1.  
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Figure 3-1 Number of policy initiatives, Canada & Provinces, 2001-2020 
Top figure details # of active initiatives by year, with the number of new initiatives denoted at the top of each bar.  
Bottom figure details the proportion of active initiatives by jurisdiction, by year. 2001 was a pre-analysis year and is 
not included on subsequent figures; 2002-2017 are the active analysis years during which initiatives were tracked, 
while 2018-2020 are post-analysis years. 
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3.4.1 Current status of policy initiatives 

The status of each of the initiatives identified in this project were reviewed in summer 2021, and the 

data obtained through this exercise informed Figure 3-1 and subsequent sections.  The data shown in 

the figures for 2018-2020 are ‘post-analysis’ years, but give some indication of the persistence of 

policies, many of which remain active for years.  The classification categories used for this analysis are 

shown in Table 3-5. 

Table 3-5 Classification of policy initiative status, current to July 2021 
Classification Description 
Statute - In Effect Initiative introduced as legislation, with force of law, 

and remains in effect, including with possible 
amendments, or replacement by similar legislation. 

Statute - Repealed Initiative introduced as legislation, with force of law, 
but has been repealed and is no longer in force. 

Ongoing Initiative introduced as a policy or program and 
continues in effect, largely unchanged. 

Revised as new initiative Initial program continues but has been revised as a 
new initiative or absorbed into a related program. 

Objectives Achieved The objectives of the initiative have been achieved 
and it has been discontinued as no longer necessary. 

Discontinued Initiative has been explicitly discontinued. 
No longer in effect References or links to the initiative cannot be located 

or identified on the jurisdictional website, the original 
URL is not functioning, and it has been deemed to be 
no longer in effect. 

 

More than half of all initiatives identified were determined to remain in effect as of 2020.  Of the 72 

programs identified ongoing, >52% were introduced during the 2001-2004 (pre-decline) or 2010-2017 

(post-decline) periods.  Many of the programs introduced during the 2004-2009 period were of short 

duration; this fact may be partially explained by the need to respond to immediate challenges in the 

forest sector, which would have caused a number of short-term policy supports to be initiated during 

this period.   

3.4.2 Policy by industry sector 

In examining the industry sector focus of the identified policy and program initiatives over the entire 

period, there is some emphasis on the conventional forest products sector and forest-based biorefining 

during the early 2000’s, with additional initiatives focused on bio and renewable energy, generally 

providing investment support to the establishment of combined heat and power generating facilities.   
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At the beginning of the active analysis period (2002-2017), initiatives identified through this project 

were divided between those focused on supporting conventional forest products and those supporting 

innovation in the broad areas of clean energy and cleantech (see Figure 3-2).  The latter category 

reflects broad-based research and development (R&D) funding support through Sustainable 

Development Technology Canada (SDTC) [2001]5. As the decade progressed, renewable energy 

programs began to emerge, with a strong focus on biofuels such as ethanol strategies and programs 

introduced by Saskatchewan [2002] and Manitoba [2003].  

 

Figure 3-2 Changes in industry sector focus, Canada & Provinces, 2002-2020 
Note: Graphic incorporates policies introduced between 2002-2017; period 2018-20 is post-analysis and reflects 
persistent policies introduced in the previous period 

Figure 3-2 illustrates the significant development of policy through the mid 2000’s and early 2010’s.  

Programs focused on supporting biorefining - i.e. the creation of new, value-added biochemical or 

biomaterial products - were observed as early as 2003.  Renewable or clean energy programs became 

more important, dominating the policy landscape by 2007; NRCan was the lead agency on both the 

Program of Energy Research and Development and Bio-based Energy Systems and Technology [2004] 

 
5  Please note that square brackets [ ] are used to denote policies listed and described in Appendix A. 
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and the Climate Change Technology and Innovation Initiative [2008]. Importantly, 2006 saw the first 

introduction of programs designed specifically to support forest bioenergy; in 2007, bioeconomy 

programs began to diversify beyond the forest sector to incorporate a multi-sector approach.   The rapid 

expansion of clean energy, bioenergy, biorefining and bioeconomy programs coincides with the decline 

in forest harvest levels. It should be noted that the shifts in policy emphasis observed during this period 

were matched by a very large increase in the number of programs and offerings available to support 

bioeconomy development.  

A large number of the policy initiatives identified in this project were not written specifically to address 

declines in the forest sector, but rather to address a broad variety of environmental and/or economic 

goals.  In many cases the primary objectives of policies were to achieve renewable energy and/or GHG 

emissions reductions through a variety of means including (but not exclusive to) the use of forest 

resources. An example of this approach was the eco Nova Scotia Environmental Technology Program 

[2008] which was introduced in 2008 and remained in effect through 2011. The program funded 

projects that increased energy efficiencies, developed renewable energy technologies, or reduced 

energy use; and a municipal component supported community-led projects that reduced GHG 

emissions. Another example was Alberta’s Climate Change and Emissions Management Fund and the 

related Climate and Emissions Management Corporation [2009]. This initiative established a price for 

carbon emissions above specified thresholds and established a process by which funds collected were 

allocated to projects that reduced GHG emissions and improved Alberta’s ability to adapt to climate 

change. Forest-biomass renewable energy projects were considered eligible for support from this 

program. 

Some initiatives were more narrowly focused on increasing competitiveness or increasing bioenergy 

output from the forest sector itself.  For example, NRCan introduced the Pulp and Paper Green 

Transformation Program (PPGTP) [2009] which was designed to enhance the environmental and 

commercial sustainability of Canada’s pulp and paper manufacturers by providing a defined credit per 

litre of black liquor produced. The program was developed exclusively for mills using chemical pulping 

technology and was introduced as a direct response to a very similar program introduced in the United 

States by the US Government, which had reduced the cost base of American pulp manufacturers, giving 

them a competitive advantage over producers in other jurisdictions which did not receive such credits 

(Marotte 2009).  This program was thus a direct response to the decline in the forest sector described in 

Chapter 2.   Initiatives specifically focused on forest sector transformation typically were oriented to 
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advancing the development and introduction of new technologies within the forest products sector. 

Two examples include Ontario’s Centre for Research and Innovation in the Bioeconomy (CRIBE) [2009] 

and NRCan’s Investments in Forest Industry Transformation (IFIT) [2010] program. The primary focus for 

CRIBE is commercialisation of research and innovation and transfer of such new technologies to 

industry. IFIT provides direct investment support to accelerate the deployment of new technologies 

related to biomaterials, bioenergy, biochemicals and next generation building materials. 

During the 2011-2015 period, the introduction of new initiatives moderated somewhat, and the 

emphasis shifted back to include more focus on forest products; however, the majority of new programs 

focused on transformational forest products rather than conventional or traditional products.  Energy 

remains important, with the majority of programs focused broadly on clean energy rather than 

specifically on forest-based bioenergy.  Innovation in clean energy and clean technology also remained a 

focus.  In the years post-analysis (2018-present) these trends have continued, with biorefining and 

bioeconomy policies increasing in prominence as older initiatives end.  This likely reflects the need to 

address significant market value lost with the decline of certain pulp and paper products such as 

newsprint. 

3.4.3 Policy by industrial process stage 

In reviewing the policy initiatives identified through this project, it was clear that a substantial portion of 

these initiatives were designed to focus on specific components of the forest sector - feedstock, 

processing, or markets.  At the same time, many policy initiatives did not focus on specific industrial 

process stages but were designed to deliver broad forest sector support.  Targeted research and 

development programs were also designed to be accessible by a large number of different stakeholders.  

In Figure 3-3, the classification of initiatives by industrial process stage is displayed.  Note that broad-

based policy initiatives are also included in this figure, in order to facilitate comparison between 

different analytical frameworks.  In any given year - excepting 2003-2006 - between 40-50% of active 

initiatives could not be attributed to specific industrial process stages and were classified as broad-based 

support.   

In the first two years of analysis, targeted policies focused on conventional forest product market 

development, with an emerging focus on the biorefinery.  The conventional forest products market 

development focused initiatives introduced during the 2001-2005 period were predominantly focused 

on encouraging the wood products sector to diversify markets to reduce dependence on the US 

residential construction sector. Example programs included the Federal Canada Wood Export Program 
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[2002], Ontario’s Wood Promotion Program [2005], and BC’s Forestry Innovation Investment and Wood 

First Program [2005]. As early as 2003, programs were emerging that focused on biorefining market 

development, which could be distinguished from conventional market programs in their focus on new 

forest products such as bioenergy.  Two related programs introduced by Québec [2009] illustrate this 

approach well; the 125 MW biomass call for power was part of a comprehensive forest biomass plan 

which called for competitive bids for power supply contracts based on forest biomass and the 

investment support program for forest biomass heating assistance to replace or convert heating systems 

from fossil fuels to forest biomass. Over the period of analysis, priorities for market development flipped 

back and forth between conventional forest products and biorefinery products.   

 

Figure 3-3 Changes in industrial process stage focus, Canada & Provinces, 2002-2020 
Note: Graphic incorporates policies introduced between 2002-2017; period 2018-20 is post-analysis and reflects 
persistent policies introduced in the previous period 

 

During the early years of analysis, a large number of targeted research and development programs were 

active.  These included a series of federal programs, such as a program to add value to wood (primarily 

through research conducted by FPInnovations, a federal Crown agency), a climate change technology 
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and innovation initiative, and a technology and innovation research and development initiative which 

was intended to advance promising technologies, achieve long-term greenhouse gas reductions and 

strengthen Canada's clean energy technology capacity. The latter program was focused on researching 

and developing technologies that had potential for efficient and cost-effective conversion of biomass, 

(including forest biomass), into biofuels, chemicals and biopolymers. Project activities within these 

initiatives could be described as applied R&D and were aimed at bridging fundamental research with 

demonstration projects. Projects related to development and conversion of purpose grown woody 

biomass crops were also included.  While the proportion of R&D initiatives declined with the 

introduction of other policies - particularly after 2005 - a number of important initiatives continued to 

emerge, including Alberta’s Research and Innovation Plan [2011], Newfoundland’s Forest Science and 

Innovation Fund [2011], and NRCan’s Forest Innovation Program [2012]. These programs all sought to 

support research and technology development and technology transfer to stimulate industry 

transformation in such areas as next-generation building systems and bio-product development.  

Beginning in 2004, policy initiatives included a new focus on forest feedstocks.  The focus on feedstocks 

that emerged in policy initiatives reflected a number of challenges.  One series of challenges was related 

to conservation and reflected an awareness of emerging issues around conservation and access to wood 

supply; by 2006, specific policies focused on harvest residues began to emerge in order to control access 

to this feedstock.  Development of these policies closely follows the emergence of forest bioenergy 

policies as discussed in the previous section, reflecting the fact that many bioenergy projects were 

anticipated to operate based on residues.  As examples, BC’s Forest and Range Practices Act (and 

affiliated regulations) [2004], coupled with the Forest Planning and Practices Regulation [2004], were 

designed to create a regime under which forest tenure holders were required to manage the resource to 

meet a relatively wide range of conservation and other environmental objectives, including specification 

of minimum volumes of coarse woody debris (harvest residue) which must be retained on harvest sites. 

Residue-specific policies include programs introduced by Ontario and Québec [2008] to stimulate use 

and conversion of forest biomass that would not be collected and used by conventional forest products 

manufacturers, but which could be used at least for bioenergy generation.  In effect, these regulations 

were intended to constrain the volumes of forest biomass which could be removed from the land base 

for further processing or refining, in order to aid in conservation and avoid resource depletion.  During 

the later period of analysis, resource and residue focused initiatives typically introduced programs to 

stimulate use and conversion of forest biomass in jurisdictions that had not introduced such programs 
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during the preceding period.  These initiatives included New Brunswick’s Putting our Resources to Work 

[2014].  A substantive number of policies related to resource and residue use remain active as of 2020. 

Beginning in 2007, an interesting set of policy initiatives emerged which considered the infrastructure 

necessary to support new biorefining activities.  These initiatives could be further divided into programs 

with the broad objective of creating new biorefinery capacity, and those designed to convert existing 

facilities (such as pulp and paper mills) into biorefinery hubs.  It is interesting to note that the 

emergence of new policies to support facility conversion began in 2009, as the pulp and paper sector in 

Canada began to struggle substantively with loss of markets in the USA (see Chapter 2).  While policies 

designed to support new or retrofitted biorefineries persist to the present day, the majority of these 

programs were introduced during the precipitous decline of the forest sector.    

Of the initiatives categorised as not stage specific, virtually all are focused on stimulating renewable 

energy from diverse sources while simultaneously addressing climate change issues, most frequently 

reduction of GHG emissions. Examples include Alberta’s Integrated Energy Vision [2006]; Québec’s 

Energy Strategy 2006-2015 [2006]; Alberta’s Nine Point Bioenergy Plan [2007]; BC’s Energy Plan [2007]; 

the Federal government’s Environment and Climate Change Eco-Energy Initiatives [2007]; NRCan’s 

ecoENERGY for Renewable Power and the related ecoENERGY Technology Initiative [2007]; and various 

provincial and federal initiatives to specify renewable fuel standards or energy sourcing requirements. 

Also categorised within this group are initiatives by multiple jurisdictions to establish sustainable 

development strategies and power system plans that establish bioenergy targets. 

The decline in Canada’s forest harvest began in 2004, and perhaps unsurprisingly this was the year that 

initiatives designed to address forest resource allocation began to appear.  As the decline continued, 

other programs emerged to address new facility development and ultimately conversion.  Targeted 

marketing and R&D programs remain an important element of the policy suite, but a far more 

comprehensive set of policies persist through the years post-decline, focusing on all aspects of forest 

sector operations. 

3.4.4 Policy characterisation 

An examination of the data presented in Figure 3-4 highlights an important shift in the ways in which 

policy interacts with the forest sector.  In the first three years of the analysis, policies targeting specific 

actors in the sector were prevalent.  These included direct investment in the sector, market mechanisms 

designed to improve access for specific forest products, and comprehensive mechanisms that 

incorporated combinations of incentives, direct investment, and market support.  As the decade 
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progressed, however, new initiatives coming into force shifted to broader mandates, tax support, 

resource allocation, or comprehensive policies that combined two or three of these elements.  These 

initiatives were designed to create the right environment to support forest industry and bioeconomy 

growth.  Importantly, in these types of initiatives, the forest products sector is not always the primary 

target - it is but one of many eligible industry groups.  This shift dominates the analysis and in fact 

slightly predates the decline in forest harvests which were observed beginning in 2004.   

 

Figure 3-4 Changes in policy characterisation, Canada & Provinces, 2002-2020 
Note: Graphic incorporates policies introduced between 2002-2017; period 2018-20 is post-analysis and reflects 
persistent policies introduced in the previous period 

While initiatives designed to directly enable the shift to the bioeconomy were relatively low in number, 

there were important efforts in this space.  Programs oriented towards direct investment include the 

Federal Sustainable Development Technology Canada (SDTC) [2001], NRCan’s Technology and 

Innovation Research and Development Initiative [2003], NRCan’s Program of Energy Research and 

Development & Bio-based Energy Systems and Technology [2004], and Ontario’s Ethanol Growth Fund 

[2005].  NRCan’s Value to Wood Program [2002] provided comprehensive support, while the ‘market 

development’ initiative was NRCan’s Canada Wood Export Program [2002].  Direct incentives for the 

sector began to appear in 2006, coinciding with the substantive decline in forest harvests and the 
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impacts of shifting markets, particularly in pulp and paper.  Examples of these incentives include 

Alberta’s Bioenergy Producer Credit Program [2007], or the ecoEnergy for Renewable Power program 

launched by NRCan [2007].  

The shift to policies with a broader focus included mandates such as Manitoba’s Ethanol strategy [2002] 

and Biodiesel strategy [2005], which established renewable fuel standards to stimulate renewable 

biofuel production.  Tax support provided through programs like NRCan’s Climate Change Technology 

and Innovation [2003] supported research and development to convert biomass into biofuels and 

bioenergy and develop GHG-reducing technologies.  Resource allocation programs such as BC’s Forest 

Range and Practices Act and related Regulations [2004] served to streamline forest planning processes 

for industry and also required forest tenure holders to address conservation objectives, including 

specification of minimum volumes of coarse woody debris (harvest biomass residues) to be retained at 

harvested sites.  Many programs included multiple elements (mandates, tax support, resource policy); 

for example, Ontario’s Wood Promotion Program [2005] incorporated a wide range of programs to 

support industry and stakeholder collaborations related to development of next-generation products.  

The trend to comprehensive support mechanisms has continued in recent years, with comprehensive 

programs being released by Ontario (the Forest Sector Investment and Innovation Fund [2016]) and the 

Canadian Council of Forest Ministers (CCFM), which developed the Forest Bioeconomy Framework for 

Canada [2017].   

The CCFM bioeconomy framework is built around four key pillars: (1) community and relationships (with 

a focus on partnerships with Indigenous peoples);(2)  forest biomass supply and advanced 

bioproducts;(3) addressing demand for advanced forest products; and, (4) providing support for 

innovation (CCFM 2017).  The framework also discusses the different ways progress towards achieving 

the forest bioeconomy can be measured, while also taking jurisdictional priorities into account, and 

noting that the specifics of what will be tracked and how information will be obtained and consolidated 

will be finalised by 2019 (CCFM 2017).  

It is clear that policy mechanisms have changed substantively between 2001 and 2020.  There has been 

a decline in direct investment, incentives, and market mechanisms that focus specifically on the forest 

sector.  The largest proportion of active initiatives through the later period of analysis are 

comprehensive support mechanisms which combine elements of mandates, tax support, and resource 

allocation to create an environment that would allow forest sector companies as well as new entrants to 

succeed in creating new and innovative bioeconomy outputs.  The majority of these programs were 
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introduced in 2005 or later, suggesting that they were intended to respond, at least in part, to the 

dramatic decline experienced by the Canadian forest sector in 2004-2009. 

3.4.5 Policy domain 

An important trend with relation to policy domain focus is the early emergence of policies categorized 

as focusing on the areas of biofuel production and climate change (see Figure 3-5), which 

complemented existing policies focused on forest industry and on clean technology development.  

Initiatives categorised as focused on climate change included NRCan’s Climate Change Technology and 

Innovations Initiative and the related Technology and Innovation Research and Development Initiative 

[2003] which supported research and development to convert biomass into fuels and develop GHG 

reducing technologies.  Later examples included: Québec’s Climate Change and Challenge for the Future 

2006-2012 Action Plan [2006]; Alberta’s Carbon Tax [2007]; BC’s Energy Plan [2007] which established 

aggressive targets for zero-net GHG emissions and plans for increased reliance on forest-based 

bioenergy, as well as BC’s Greenhouse Gas Reductions Targets Act [2007]; Alberta’s Climate Change 

Strategy [2008] which included provisions for the introduction of cleaner forms of energy production, 

including from forest biomass; NRCan’s Clean Energy Fund [2009]; and, Environment and Climate 

Change Canada’s Renewable Fuel Standard [2010]. 

A second trend is the emergence of bioenergy-focused programs beginning in 2006, which 

complemented biofuel policies but focused more specifically on forest-based bioenergy.  Examples of 

these are: Alberta’s Integrated Energy Vision [2006]; Québec’s Energy Strategy 2006-2015 [2006]; 

Ontario’s Integrated Power System Plan [2007]; BC’s Bioenergy Strategy and related Bioenergy Network 

[2008]; and, Manitoba’s Power Smart Bioenergy Optimisation Program [2010].  A large proportion of 

these policies were active between 2007 and 2012, but after 2010 they have declined proportional to 

biorefinery-focused policies and policies devoted to forest resource use.  

Biorefinery-related initiatives first emerged as early as 2004. Examples include NRCan’s Programs of 

Energy Research and Development and Bio-Based Energy Systems and Technology [2004] and Prince 

Edward Island’s establishment of the BioAlliance and Bioscience Cluster [2005].  

By 2011, the relative emphasis of new policy initiatives was once again focused on the forest sector and 

on forest resource use.  Typical examples of this category included BC’s Waste Management Policy and 

Logging Residue and Waste Management Program [2011] and Ontario’s Forest Tenure Modernisation 

[2011], programs designed to stimulate and facilitate increased use and valorisation of forest biomass. 

Initiatives categorised as forest industry development included a range of programs from NRCan’s 
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Aboriginal Forestry Initiative [2011], Newfoundland and Labrador’s Forest Science and Innovation Fund 

[2011], Québec’s Forest Products Sector Strategy 2012-2017 [2011], BC’s Forest Sector Strategy [2012], 

and NRCan’s Expanding Market Opportunities and Forest Innovation Programs [2012], all of which were 

intended to stimulate product and market diversification within the forest products manufacturing 

sector. 

 

Figure 3-5 Changes in policy domain focus, Canada & Provinces, 2002-2020 
Note: Graphic incorporates policies introduced between 2002-2017; period 2018-20 is post-analysis and reflects 
persistent policies introduced in the previous period 

The decline in forest harvests that signalled disruption in Canada’s forest products sector began in 2004 

and coincided with the emergence of biorefinery programs designed to diversify Canada’s forest sector 

output.  In the years of major harvest decline (2004-2009), an increasing number of policies focused on 

bioenergy were developed and launched, as were significant efforts to respond to climate change.  It is 

clear that these policies can be seen as responding to both internal challenges (i.e. the decline in the 

forest sector) and external exigencies (i.e. global warming).  These initiatives are mutually reinforcing 

approaches to addressing these challenges; the imperative to reduce emissions (to respond to climate 

change) led to a focus on renewable energy, and the decline in the forest sector provided an 

opportunity for bioenergy development using unharvested wood and residues.  Interestingly, the 
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number of active initiatives focused on energy have decreased since 2009, with corresponding increases 

in both biorefining development and in forest sector and forest resource support.  This may reflect the 

growing understanding that bioenergy options alone cannot replace the loss of revenue and markets 

that declines in pulp and paper have imposed, or that bioenergy values are not yet sufficient to match 

the value of the lost products.  

3.4.6 Policy initiatives post-2017 

The period of analysis for this project ran from 2002 until 2017, but a few important developments have 

recently occurred which should be noted here.  In Ontario, the Ministry of Northern Development, 

Mines, Natural Resources and Forestry released the Draft Forest Biomass Action Plan under the aegis of 

the Forest Sector Strategy (OMNDNRF 2021). The draft action plan articulates five objectives: (1) 

identifying pathways to markets for forest biomass; (2) supporting demand for forest bioenergy and 

bioproducts; (3) improving the business and regulatory environments for the use of forest biomass; (4) 

supporting holistic, culturally relevant pathways for Indigenous community involvement in forest 

biomass value chains to support reconciliation between Indigenous communities and the Crown; and, 

(5) communicating, collaborating and informing on forest biomass opportunities. This policy closely 

follows the Bioeconomy Framework developed by the CCFM (2017) and is the first of many anticipated 

from the provinces in coming years.   

The CCFM is also moving forward with new policy initiatives.  The report from their 2018 meeting was 

titled A Shared Vision for Canada’s Forests: Toward 2030 (CCFM 2019); it focuses on sustainable forest 

management and the concept of advancing the forest bioeconomy receives relatively little mention. At 

the time of writing, the draft plan is in the very early stages of seeking public input and consultation and 

specific initiatives within each of the objectives appear not to have yet been developed. 

3.5 Evaluating policy initiatives 

3.5.1 Determining impacts and outcomes of policy initiatives 

This review has identified 128 individual policies, programs, and initiatives designed to support the 

forest sector and emerging bioeconomy.  Determining how successful these policies have been in 

meeting their goals is challenging.  In most of the jurisdictions across Canada, detailed program 

evaluations are not made publicly available on a consistent basis.  In some cases, annual reports from 

specific departments may provide information related to impacts of particular policy initiatives, though 

there may be inconsistency between programs, agencies, and reporting periods.   
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As an example, the 2016-2017 plan and annual report for Ontario’s Ministry of Natural Resources and 

Forestry makes references to working with “forestry companies, environmental organisations, First 

Nations, and community representatives to ensure that Crown forest resources are being put to their 

best use and are managed in an economically, socially, and environmentally sustainable fashion” 

(OMNRF 2017).  Unfortunately, this report makes no mention of specific programs related to utilisation 

of forest biofibre. Similarly, within the context of the Growth Plan for Northern Ontario the Ministry lists 

several ‘deliverables’ which are stated in terms that do not facilitate measurement (eg. “Promote 

growth for Ontario Communities”) followed by a list of ‘activities’ related to achievement of the 

deliverables which are articulated in similarly generic terms (eg. “support increased renewable energy 

generation from wind, water, solar and bio-energy”) (OMNRF 2017). No data or reporting related to the 

Forestry Growth Fund appeared on the Government of Ontario website when searched during the first 

half of 2020 (OMEDJCT 2021).  

Similarly, in British Columbia, the Forest Sector Strategy was introduced in 2012 as part of the BC Jobs 

Plan; Service Plans in 2012 through 2015 for the BC Ministry of Forests, Lands and Natural Resource 

Operations explicitly reference its mandate to move forward with the Strategy as an important element 

of the Jobs Plan. However, neither the Service Plan document, nor the subsequent annual reports from 

the Ministry, provide any information or data on activities or outcomes specifically linked to 

implementation of the strategy (BCFLNR 2018; BCFLNR 2013).  

At the federal level, program evaluation has historically been undertaken on a planned and rigorous 

basis, with departments with program delivery responsibilities having within their organisations a 

‘strategic evaluation division’, or a similarly labeled group. Until 2016, program evaluations within the 

Government of Canada were carried out under the ‘Directive on the Evaluation Function’ issued by the 

Treasury Board Secretariat of Canada, and the evaluation that will be discussed below was conducted 

within those guidelines. This changed in 2016, when the ‘Policy on Results’ was introduced; this policy 

incorporates the essential principles of program evaluation included in the pre-2016 Directive (TBS 

2012).  A key element of program evaluations is the core issues to be addressed, which include 

relevance (i.e. the continued need for the program and alignment with priorities, roles, and 

responsibilities) and performance (i.e. achievement of expected outcomes and demonstration of 

efficiency and economy) (TBS 2012).  
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Evaluating forest-focused initiatives 

Within NRCan, program evaluation was carried out by the Strategic Evaluation Division and its reports 

are listed year-by-year (NRCan 2021).  The Evaluation of Forest Sector Innovation Sub-Program includes 

examination of several specific Federal NRCan program initiatives introduced through the preceding 

decade (NRCan 2017). The evaluation of the relevance of each program is focused on intra-government 

factors, such as alignment with articulated government priorities. The evaluation of performance takes 

an internal focus, as expected outcomes tend to be expressed in terms of implementation of program 

components being delivered as planned, timeliness of program delivery, and effectiveness of risk 

management. Where the evaluation focused on specific financial performance of the program, 

outcomes are generally expressed in terms of resources and investment leveraged from other project 

partners by direct government spending (NRCan 2017). 

These evaluations include appendices which describe the development of new technologies and 

products that have been supported by program investments and, in some instances provide very high-

level estimates of existing jobs that may have been sustained and of new jobs that may have been 

created. No assessment of program impact on industry or company performance, or on impacts at the 

community level is included; economic data is limited to descriptions of continuing sector contribution 

to national GDP (NRCan 2017). 

A deeper assessment of the impact of federal programs on bioenergy production within the Canadian 

forest products industry was conducted by officials at CANMET Energy and presented at BIOFOR 

International 2017 in Montréal (Benali & Jeaidi 2017). This assessment reviewed eight funding programs 

of the Government of Canada; most were delivered by NRCan, but other departments and agencies 

were included. The assessment examined 86 bioenergy projects. As with the program evaluation 

referred to above, key financial metrics of the projects, including financing leverage, were examined; 

and the technologies and chemical platforms involved were identified. Energy outputs and GHG 

emission reductions and key success factors and possible metrics were estimated from the project data. 

As this analysis appears to have relied on internal project data and evaluations, no assessment of 

program impact on industry or company performance, or on impacts at the community level was 

possible. 

Overall, forest-focused initiatives to support the emerging bioeconomy often lack substantive 

evaluations, and it is difficult to determine their overall impact.   
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Evaluating energy-focused initiatives 

Energy-focused initiatives tend to provide substantive reporting on project development, which can 

shed some light on their ability to support bioeconomy development.  An example of this is the 

Environmental Goals and Sustainable Prosperity Act (EGSPA) which was passed unanimously by the 

Legislative Assembly of Nova Scotia and received Royal Assent in April 2007 (Nova Scotia 2007).  This 

policy created incentives for electricity generation from renewable sources by 2013, including from 

forest biomass, through a community-based feed-in tariff (COMFIT) for renewable energy developments 

by municipalities, First Nations, co-operatives and non-profit groups (Adams et al. 2011).  Importantly, 

this act required the Minister of Environment to report annually to the Nova Scotia Round Table on 

Environment and Prosperity (Brazner 2008; NSDE 2016; NSDE 2014; NSDE 2012; NSDE 2011; NSDE 2010; 

NSDE 2009), providing good data for assessment of the success of this policy.  The data shows that only 

6 biomass-based projects were approved under the COMFIT program (of 95 total projects), representing 

4.1% of total generating capacity (NSDE 2019).   

A similar reporting structure, used by Ontario’s Green Energy and Green Economy Act (GEGEA), was 

passed by the Legislative Assembly of Ontario and received Royal Assent in May 2009 (Ontario 2009). 

This legislation introduced measures to drive new renewable energy production, including a feed-in 

tariff that guaranteed specific rates for energy generated from renewable sources (OME 2013).  In the 

later years that this legislation was active, it was overseen by the Independent Electrical System 

Operator and good data were generated on projects developed under the policy (IESO 2019).  These 

data are essential to assess the success of the policy in meeting stated goals.  The data show that only 

52 projects (of 3250 in total) were funded through the FIT, representing 1.0% of total generating 

capacity (IESO 2019).  

The two initiatives described above are somewhat indicative of the broad-based renewable energy 

policies, as opposed to policies more specifically focused on forest-based bioenergy projects.  The role 

that these policies have played in supporting biomass-based energy is very small relative to the overall 

impact of the policies, and thus it could be argued that these two policies do little to advance the forest-

based bioeconomy.  It has been argued that a higher tariff rate for renewable biomass fuelled electricity 

could have stimulated increased numbers of projects and ensured their viability (Chan et al. 2011).  

Doing so, however, would result in very high prices for biomass-based energy and essentially represents 

an attempt to match past demand for fibre in pulp and paper mills or panel manufacturers.  While the 

FIT or COMFIT programs could provide useful incentives and support to forest products manufacturers 
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which have continuing viable markets and customers, they cannot substitute for permanent and 

structural decline and loss in traditional markets associated with higher fibre values.  

Overall, energy-focused initiatives tend to be better documented and the impacts of these policies can 

be more substantively assessed.  In broad-based energy policies, however, the role that bioenergy plays 

tends to be low as measured in terms of energy output or number of projects, suggesting that these 

policies are not drivers of major bioeconomy development.   

3.5.2 Data gaps and challenges in policy evaluation 

It is established that few reporting mechanisms are publicly available that relate program objectives and 

possible outcomes at a level of detail against which progress could be measured in a meaningful way, 

particularly when examining forest-focused policies related to the bioeconomy. 

Data that does exist in the public sphere are generally accessible through Statistics Canada. Two active 

survey products were identified as providing useful measures that relate to bioeconomy development.  

These were the monthly Survey of Employment, Payroll and Hours (Statistics Canada 2021a).   Data 

available through this survey were examined and determined to be geographically limited to 

disaggregation only to the provincial or territorial level.  In this survey, employment and earnings data 

are calculated only to the three-digit industry code level within the North American Industrial 

Classification System (NAICS). The survey captures no data related to occupational classifications, thus 

making any assessment of employment shifts resulting from industry transition impossible to determine. 

A second survey instrument, the national monthly Labour Force Survey (LFS) (Statistics Canada 2020) 

captures employment, income, occupational, educational attainment, and other demographic 

characteristics by industry sector data at the three- (in some instances four-) digit level of the NAICS 

codes, as well as across the full spectrum of National Occupational Classifications codes. As well, 

geographic disaggregation of data is possible to the Census Metropolitan Area (CM) level and, in some 

instances to the Census Aggregation Area (CA) level. Hypothetically, this would appear to enable 

tracking of changes in forest products sector income and employment activity within at least some 

specific geographic areas in which mills are located that have been recipients of support from one or 

more of the identified policy / program initiatives.  

Challenges exist with using LFS data, as aspects of the design of the survey can make it difficult to obtain 

meaningful results for geographic areas in which forest products manufacturing operations are located.  

This is because within each province the total sample is comprised of six representative sub-samples (or 
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panels), and each month a panel is replaced following six-months participation in the survey (Statistics 

Canada 2020). The result is efficient design for estimating month over month changes in the labour 

force at the CM level, which is the focus of the survey. However, when one is attempting to obtain data 

at the CA level, or for even less densely populated areas - where most forest products manufacturing 

facilities are located - the sample rotation can lead to unreliability and gaps in the survey data for that 

area sufficient to render any data obtained unstable6. 

Several other surveys were identified as containing potentially useful data, including the Monthly Survey 

of Manufacturing (Statistics Canada 2021b) and the National Household Survey (Statistics Canada 2012). 

However, the Monthly Survey of Manufacturing was determined to be geographically limited to national 

coverage only and the principal statistics for which data is collected are limited to specific manufacturing 

related activity. The survey includes no data related to wages paid or employment. Similarly, the 

National Household Survey was conducted only in 2011 as a substitute for the long-form Census survey 

(which was cancelled with limited notice by the then government).  

Other data that provides useful measures of the impacts of policy can be found within the National 

Census (Statistics Canada 2017; Statistics Canada 2012; Statistics Canada 2007; Statistics Canada 2002).  

The Census captures data on various socio-economic factors pertinent to this research including age, 

gender, education, income, and labour; and, as a census or count of the country’s population, 

disaggregation of data by geography, or by socio-economic variables is feasible. Data related to income 

and labour and other factors related to employment are also compiled by industry sector (NAICS) and 

occupational (NOC) codes.  The major shortcoming related to use of census data as a tool to facilitate 

measurement and evaluation of impacts of specific policy / program initiatives results from its 

infrequent timing and resulting compilation and publication requirements. The elapsed time from 

inception to data availability will present significant challenges for researchers attempting to link 

changes within the forest products sector to specific policy / program initiatives. 

The implications of these limitations on data needed to support such research and analysis at the 

individual case site level will be examined in a subsequent chapter in this thesis. 

  

 
6  Personal communication with Jean-Christian Sarrazin-Latreille, Data Production and Dissemination Coordinator 

– Labour Statistics Division, Social, Health and Labour Statistics Field, Statistics Canada 
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3.6 Conclusions 

A review of policies enacted to support Canada’s forest sector and facilitate development of the 

emerging bioeconomy and delivery of non-conventional forest products to new markets, identified 128 

policies over the period 2000-2017.  A large proportion of these policies were introduced during the 

period of harvest decline observed between 2004-2009, which coincided with major changes to 

Canada’s forest sector. 

From 2001 to 2004, only 10 new initiatives were observed; by comparison, between 2004 and 2009, a 

total of 68 new initiatives were introduced by the federal government and their provincial counterparts - 

primarily in British Columbia, Alberta, Ontario, and Quebec.  After the industry stabilized in 2010, albeit 

at a much lower harvest level, fewer new policies were introduced; 53 new policy initiatives were 

identified between 2011 and 2017.  The Federal government played a lead role in policy development 

prior to 2004; provincial policies, largely from BC, AB, ON and PQ, make up the majority of policies 

introduced after 2004. 

An analysis of these policy initiatives describes significant changes in sectoral focus.  In 2001 initiatives 

were split between support for the conventional forest sector and programs designed to spur innovation 

in clean energy and clean technology.  The decline in the forest sector, beginning in 2004, coincided with 

the introduction of programs designed to specifically address biorefining and forest product 

diversification.  The most substantive change in the policy landscape was the introduction of programs 

designed to support energy.  A large number of new initiatives related to clean or renewable energy 

came into play as early as 2003; these initiatives were joined by policies designed to specifically grow 

the production of forest-based bioenergy beginning in 2006.  Energy-related programs dominated the 

policy landscape between 2007 and 2010 as levels of forest harvest continued to decline.  By 2011, 

however, growth in new programs to support biorefining and transformational forest products had 

begun to complement energy-focused programs.  By the end of 2020, active programs in new forest 

bioproducts and biorefining make up the majority of the active programs in this space.  A defining 

characteristic of policy initiatives related to forest sector growth was the deliberate attempt to engage 

non-conventional industry in the development of the bioeconomy.  This helps explain the shift in focus 

to non-traditional biochemical and bioenergy, which could be championed by a variety of different 

sectors.   

Programs dedicated specifically to different process stages within the forest sector also underwent 

changes during this period.  Prior to the decline (2001-2003) forest-driven policies focused primarily on 
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market development and R&D.  As forest harvest levels began to decline, new policies focused on forest 

resources emerge, designed primarily to open up access to timber to new market entrants.  These 

policies were followed by initiatives focused on forest residues, which were largely developed in 

response to the emerging focus on bioenergy, which created new demand for these resources.  

Beginning in 2007, new programs on facility development - followed closely by programs designed to 

convert existing forest products facilities - were noted; these programs provided support to an 

increasing number of programs devoted to biorefining, including market development as well as sectoral 

engagement. The current mix of programs offers greater balance between resources, facility 

development, market development, and research. 

The types of policy mechanisms employed in current initiatives is very different from what was available 

in 2001.  Programs that were designed to provide direct support - investment, production incentives, or 

market support - are now in the minority, while the majority of programs offered today are designed to 

create a supportive environment for new bioproduct development.  The development of mandates, tax 

support measures, and resource allocation initiatives (often provided through comprehensive policy 

suites) allow actors from a variety of sectors to take part in the emerging bioeconomy and represents a 

substantively different approach to supporting growth and development in the industry.  

Finally, an examination of policy domains casts light on one of the most significant developments in the 

policy landscape affecting bioeconomy development, which is the growth of policy related to climate 

change or clean energy.  In this analysis, this impact is most clearly seen in the rapid rise in bioenergy 

and biofuel policy. These policy initiatives reflect the importance of external factors (i.e. global warming) 

on the development of policy affecting the forest sector and are very useful in explaining the relatively 

fast growth of energy programs within the suite of policies guiding new forest product development.  It 

is clear that the precipitous decline in forest harvests and particularly in the pulp and paper sector is not 

the only driver of new policy in this space.  It is interesting to note that in the years post-analysis, the 

number of active initiatives focusing on biorefinery development, the forest industry, or forest resource 

use have once again become dominant in the overall policy spectrum. However, it remains unclear 

whether the recent emergence of the forest biorefining policy directions will lead to introduction of 

specific initiatives focused on stimulating forest products sector transition towards biorefining as a 

replacement for earlier sector declines, particularly in the pulp and paper segment, as it is evident that 

climate change and the need for clean energy remain potent drivers of policy and will continue to 

influence biorefinery development going forward. 
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While the analysis of initiatives clearly showed policy responses to the changing forest sector, 

particularly in the 2004-2009 period, it is difficult to assess the overall success (or failure) of these policy 

initiatives.  The goals defined for the initiatives reviewed here frequently refer to improving industry 

competitiveness and performance, enhancing environmental sustainability, increasing renewable energy 

production, and increasing employment and creating new wealth for forest-dependent communities. 

However, the analysis yields little or no evidence that such objectives were achieved, or that the 

changes in policy focus or mechanisms resulted in major shifts forward for the bioeconomy. Data to 

measure industry change and initiative impacts, particularly with regard to desired socio-economic 

outcomes at the forest-dependent community or forest industry sector level, is limited to non-existent, 

with only the national census providing a reliable and sufficiently detailed source of data to support such 

research and analysis. Unfortunately, even if changes in industrial and other socio-economic outcomes 

in forest-dependent communities can be identified through census data, the limitations of timing make 

linkage of specific outcomes to individual policy or program initiatives difficult if not impossible. 
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3.8 Appendix A 

Jurisdiction Name of Policy / Program Year 
Initiated 

 
Website 

Federal Sustainable Development Technology Canada 
(SDTC) 

2001  https://www.sdtc.ca/en 

Description: SDTC funds Canadian cleantech projects and coach the companies that lead them. We help bring ground-breaking technologies 
to market. SDTC’s mission is to be the Canadian cleantech market-maker. SDTC has different funds to support innovative, Canadian 
cleantech projects through development and demonstration. Funding rounds for the different funds are opened regularly (i.e.  annually or 
bi-annually) until such a time as each of the funds has been utilized in full. In total $928 million has been allocated to cleantech innovation, 
with 320 projects supported by SDTC, representing $2.45 billion leveraged funding and a total portfolio value of $3.38 billion. 

Federal - Natural 
Resources 
Canada 

Value Added Program (1998) Value to Wood 
Program (VW) 

2002  http://www.nrcan.gc.ca/evaluation/reports/2
011/806#fn5-rf 

Description: The predecessor of VW, known as the Value-Added Program, was created in 1998 and received $4 million in funding for the 
four-year period 1998-99 to 2001-02 to carry out value-added wood product research at Forintek Canada (now part of FPInnovations) to 
enhance competitiveness in the value-added wood products industry. In 2002, the Program was expanded and subsequently renamed the 
Value to Wood Program, with $15 million in funding over five years from 2002-03 to 2006-07. This new program included both research 
and technology transfer components. In 2007, the Program received $8 million in new funding for two years from 2007-08 to 2008-09, and 
in 2009-10 an additional $8 million for a further two years from 2009-10 to 2010-11. 

Federal - Natural 
Resources 
Canada 

Canada Wood Export Program (CWEP) 2002 
 

http://www.nrcan.gc.ca/evaluation/reports/2
011/806#c21 

Description: CWEP was first announced in May 2002 as a national, five-year $35 million initiative to expand offshore export opportunities 
for Canadian wood products. Primary markets of focus were (and continue to be) China, Japan, South Korea and Europe. Program 
development was based on an industry proposal from the Forest Sector Advisory Council and concern over the sector’s strong dependence 
on the U.S. market which in 2002 accounted for 88% of Canada’s wood products exports ($19.8 billion of $22.5 billion total) (Statistics 
Canada). 

SK Ethanol Fuel Grant Program 2002 
 

http://www.economy.gov.sk.ca/Ethanol 
Description: The Saskatchewan Ethanol Fuel Program began in 2002 and had two primary objectives: 1) to mandate the blending of ethanol 
into gasoline sold in the province, and 2) to provide a monetary incentive to attract and accelerate investment in ethanol production in 
Saskatchewan. The initial mandate was for 1% provincial pool volume beginning November 1, 2005, and increased to 7.5% in January 2007. 
The program originally provided a 15-cent-per-litre grant to eligible distributors who blend Saskatchewan-produced ethanol within 
Saskatchewan for sale in Saskatchewan. The regulation required that a review of the program be undertaken in 10 years. That review was 
completed in 2012-13 and concluded that the objectives of the program had largely been met. The Ethanol Review committee 
recommended that the required blend rate for gasoline sold in Saskatchewan remain at 7.5% and that the program incentive be 
discontinued. The Government of Saskatchewan approved a phase-out of the program, and as a result, the incentive was eliminated 
effective April 1, 2015. 

Federal - Natural 
Resources 
Canada 

Climate Change Technology and Innovation 
Initiative (T & I) 

2003 
 

https://www.fin.gc.ca/ec2005/agenda/agc5-
eng.asp 

Description: Supported R&D to convert biomass into fuels and energy and develop GHG reducing technologies. 
Federal - Natural 
Resources 
Canada 

Technology and Innovation Research and 
Development Initiative (T&I) (R&D) 

2003 . http://www.nrcan.gc.ca/sites/www.nrcan.gc.c
a/files/energy/pdf/eneene/pdf/tirdrdti-

eng.pdf 
Description: The Technology and Innovation (T&I) Research and Development (R&D) Initiative was established by the Government of 
Canada to advance promising technologies to achieve long-term greenhouse gas reductions and strengthen Canada's clean energy 
technology capacity. Natural Resources Canada’s Office of Energy Research and Development coordinated and managed the T&I R&D 
Initiative to ensure that projects met outcomes, transferred knowledge, and paved the way for a clean energy future. The Biotechnology 
area was established to harness the potential for bioresources, bioenergy, bioproducts, and bioprocesses to help Canadian industries 
become more energy efficient and sustainable, and to diminish climate change. In particular, the projects funded under this technology 
area focused on researching and developing technologies that efficiently and cost-effectively convert different forms of biomass into 
biofuels and other useful products such as chemicals and biopolymer materials. Most of the project activities in this technology area were 
in the category of applied R&D, and were aimed at bridging fundamental research with demonstration projects. Projects related to 
development and conversion of purpose grown woody biomass crops were also included. 
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Jurisdiction Name of Policy / Program Year 
Initiated 

 
Website 

MB (Ethanol Strategy -- 2002) (Biodiesel Strategy -- 
2005) The Biofuels Act 

2003 
 

http://www.gov.mb.ca/agriculture/innovation
-and-

research/pubs/the_manitoba_bioproducts_str
ategy.pdf 

Description: The ethanol mandate requires fuel suppliers in Manitoba to replace at least 8.5% of their gasoline available for sale with 
ethanol. The province has supported the production of ethanol with an incentive. In 2008 and 2009 ethanol producers were entitled to 
receive 20 cent/litre of ethanol produced and sold in Manitoba to fuel suppliers. For years 2010-2012, the incentive is reduced to 15 
cent/litre. The incentive moves to 10 cent/litre for years 2013-2015. Manitoba eliminated the 11.5 cent/litre motive fuel tax on pure 
biodiesel (B100) and on the biodiesel portion of blends with diesel fuel. On November 1, 2009 Manitoba became the first jurisdiction in 
Canada to have a mandate that requires, on average, 2% biodiesel in all diesel fuel sold in a year. 

BC Forest and Range Practices Act  2004 
 

https://www2.gov.bc.ca/gov/content/environ
ment/natural-resource-stewardship/laws-

policies-standards-guidance/legislation-
regulation/forest-range-practices-act 

Description: The Forest and Range Practices Act and its regulations govern the activities of forest and range licensees in B.C. The statute 
sets the requirements for planning, road building, logging, reforestation, and grazing. FRPA maintains high levels of protection for forest 
values including watersheds and wildlife habitat, and creates efficiencies for both government and industry through streamlined planning 
processes. 

BC Forest Planning and Practices Regulation 2004 
 

http://www.bclaws.ca/civix/document/id/com
plete/statreg/14_2004 

Description: The regulations require tenure holders to state how they will address government conservation objectives for timber, soils, 
water, fish, wildlife, biodiversity, visual quality, and cultural heritage resources. The regulations also specify minimum volumes of coarse 
woody debris (CWD), and trees which must be retained on harvested sites. 

Federal - Natural 
Resources 
Canada 

Program of Energy Research and Development 
(PERD) & Bio-Based Energy Systems and Technology 
(BEST) 

2004 
 

http://www.nrcan.gc.ca/energy/funding/curre
nt-funding-programs/perd/4993 

Description: Development of technologies to produce bio--energy, materials, chemicals, fuels 
BC Forestry Innovation Investment (Includes Wood 

First Program) 
2005 . http://www.bcfii.ca/ 

Description: FII’s central objective is to identify and pursue opportunities that generate demand for B.C. forest products. To accomplish this 
objective, FII is mandated to conduct research and deliver and/or facilitate market development activities that help the forest industry 
capitalize on high potential market opportunities. Much of the work FII supports is proposed and delivered through third parties in FII’s 
funding programs – Wood First for programming in B.C., and Market Initiatives for programming in North America outside of B.C. and 
offshore. Eligible non-profit organisations working on behalf of the B.C. or Canadian wood products industry apply for funding through the 
Calls for Proposals to support their market development, research, and promotional activities. This funding is delivered in partnership with 
the Government of Canada, and the forest industry, to develop and support programs that foster growth and strengthen B.C.’s global 
competitiveness. 

ON Ontario Wood Promotion Program 2005 
 

https://www.ontario.ca/page/forest-industry-
development 

Description: The program provides funding to not-for-profits, (eg. industry association) and educational institutions that: builds workforce 
capacity to support the industry in the future; connects the primary and secondary forest industries, federal and provincial governments 
and industry organizations; maintains partnerships with organisations like the Canadian Wood Council’s WoodWORKS! program to offer 
education and technical tools to help architects, engineers and building officials effectively use wood in construction; helps producers and 
their associations develop domestic opportunities for Ontario wood products; supports research and development for the next generation 
of forest products; provides technical advice to wood products producers to help them take advantage of new markets or enhance their 
productivity; and, supports public awareness and understanding of forest management practices in Ontario. 

ON Ontario Ethanol Growth Fund (OEGF) 2005 
 

http://www.omafra.gov.on.ca/english/infores
/releases/2007/070607.htm 

Description: The 12-year, $520-million Ontario Ethanol Growth Fund (OEGF) was launched in 2005 following the announcement of the 
Ethanol in Gasoline Regulation, requiring an average of at least five per cent ethanol in all gasoline sold. The OEGF provides: $32.5 million 
in capital assistance to help ethanol producers meet financial challenges; Operating assistance to address changing market prices (up to 11 
cents per litre of ethanol produced); Support for independent blenders of ethanol and gasoline; and A research and development fund to 
pursue opportunities for research and innovation. 

PE PEI BioAlliance and Bioscience Cluster 2005  http://www.peibioalliance.com/ 
Description: PEI’s Bioscience Cluster is made up of leaders from business, research, government and academia working together as an 
ambitious and dynamic team. The BioAlliance coordinates work of businesses, institutions, government, funding for R&D in bioscience 
sector. The products focus of the cluster includes: (1) Technologies and products related to bioactive compounds and their application to 
human, animal, and fish health and nutrition; and (2) Bioproducts – converting biomass to value-added products related to energy, 
materials, non-food  crops, and products for environmental remediation. 
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AB Alberta Integrated Energy Vision 2006 
 

http://www.assembly.ab.ca/lao/library/egovd
ocs/2006/aleo/156134.pdf 

Description: The policy recognised that Alberta  holds a diverse resource portfolio which includes conventional oil and natural gas, oil sands, 
natural gas from coal, coal and other minerals; and stated that the Province must build on the strengths of these resources, as well as 
integrating renewable water, wind, solar and biomass energy resources into its energy future. 

Federal - Natural 
Resources 
Canada 

Transformative Technologies Program (TTP) 2006  http://www.nrcan.gc.ca/forests/industry/prod
ucts-applications/13343 

Description: The Transformative Technologies Program supports pre-commercial research and development and technology transfer for 
innovative technologies and processes in the forest sector. This research, which is delivered by FPInnovations, Canada’s not-for-profit forest 
research institute, is focused on four key areas: next-generation building systems; bio-product development; integrated value maximization; 
and innovation deployment. 

QC Québec and Climate Change: A Challenge for the 
Future -- 2006 - 2012 Action Plan 

2006  http://www.mddelcc.gouv.qc.ca/changements
/plan_action/2006-2012_en.pdf 

Description: While primarily focused on reduction and avoidance of greenhouse gas emissions and adaptation to climate change, the Action 
Plan also notes that with its vast forests, dynamic agriculture and many municipalities, Québec enjoys a wealth of residual biomass that is 
currently under-exploited. The plan calls for the valorization of this renewable biomass, which will not only produce energy but will also 
help lower Québec’s dependence on petroleum products through the production of biofuel substitutes for fossil-based energy in industrial, 
residential, commercial and institutional heating and in transportation. In the new energy strategy, the government favours the valorization 
of residual biomass energy and plans to call for an initial 100 MW tender in 2008 as part of a total of 700 MW of biomass-generated energy. 

QC Québec Energy Strategy 2006-2015 2006 
 

https://www.mern.gouv.qc.ca/english/publica
tions/energy/strategy/energy-strategy-2006-

2015.pdf 
Description: The strategy was primarily focused on further development of hydroelectricity, but also focused on wind and energy efficiency 
improvements. As well the strategy gave priority development of ethanol production capacity through recovery of forest and agricultural 
residue and urban waste, rather than corn grain. The strategy also stated intentions to: Support Québec’s research teams in this area; 
Establish a pilot cellulosic ethanol plant to begin operation by 2008, so that the technology can be developed by 2010 and production 
facilities opened by 2012. As well, the strategy announced that a task force will be created to better identify potential sources of feedstock 
and identify the business model best suited to maximize the spin-offs from this new endeavour, and that the Government also intends to 
increase the market penetration of biodiesel. 

AB Getting Value from Every Fibre: Making the Most of 
Alberta's Lignocellulosic Resource 

2007  http://bio.albertainnovates.ca/media/67644/2
007_fibre_roadmap.pdf 

Description: This report, (by FPInnovations and Alberta Research Council), identifies four key strategies that would lead to development of 
a responsible, sustainable and successful bioeconomy. These are: (1) Develop a clear vision for a robust, balanced, responsible economy 
and champion the bioeconomy as a key part of this vision; (2) Accept and adopt four key principles: one bioeconomy, not many disconnected 
'silos'; an economy that focuses on the whole value chain, not just production; firms and organisations that are nimble and flexible; and, a 
commitment to sustainable environment; (3) Understand and accept some preconditions and needs for the strategic focus for building an 
effective bioeconomy: new ways to manage feedstocks; strong and integrated innovation infrastructure; and, strategic alliances, cost 
sharing and collaborative partnerships; (4) focus action on: building biorefineries and an integrated lignocellulosic industrial cluster; 
transform and sustain current lignocellulosic industries - specifically pulp and wood products; sustain and enhance forest and agriculture 
based communities; and grow biocomposite, biomaterial and bioproduct companies. 

AB Bioenergy Producer Credit Program (BPCP) 2007 
 

http://www.energy.gov.ab.ca/BioEnergy/pdfs/
Bioenergy_Producer_Credit_Program_Guideli

nes.pdf 

Description: Credit (per litre or per kWh) for production of biofuels or electricity, higher incentive for 2nd gen technology 
AB Alberta Biomaterials Development Centre (ABDC) 2007  http://www.albertabiomaterials.com/ 

Description: The Alberta Biomaterials Development Centre (ABDC) helps industry create biomaterial products from forestry and agriculture 
fibre. As one of the most comprehensive biofibre development programs, ABDC provides a single window to access all the biomaterial 
expertise Alberta has to offer. ABDC provides services that fall into three broad areas: (1) Business -- Client facilitation to source technical 
services, information and access to funding and programs; Strategic supply chain guidance and connections; Biomaterials advocacy and 
liaison; Connection of business networks, funding and product development services to empower commercialization; Identification of new 
market access to reduce entry barriers; Coordination of collaborative research for the development of the bioeconomy.  (2) Technology -- 
Access to biomass feedstock development, breeding, agronomy and crop optimization; Expertise in agriculture and forestry fibre 
processing, modification and scale up; Support for product development and testing such as biocomposites, biochemical, green building 
products and pulp and paper and textiles. (3) Information -- Regulation navigation; Biofibre industry trends; Biofibre market knowledge; 
Data base of institutions and organizations that offer services to biomaterial businesses. 
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AB Nine Point Bioenergy Plan 2007  http://www.energy.alberta.ca/BioEnergy/pdfs
/BioE9pointPlan.pdf 

Description: This Plan is the umbrella under which several initiatives were introduced, including: 1. Commercialization/Market 
Development Program ($24 million through 2008-09); 2. Bioenergy Infrastructure Development Grant Program ($6 million through 2008-
09); 3. Renewable Energy Producer Credit Program ($209 million from 2007-2011) ;  4. Proposed Energy Microgeneration Standards and 
Policy Revisions; 5. Proposed Bio-industrial network development; 6. Taxation and Investment Instruments for the Bioenergy Sector; 7. 
National Renewable Fuel Standard and Energy Market Targets ; 8. Specified Risk Material (SRM) Disposal Protocol; and, 9. Investment 
Support through Existing Programs that align with Bioenergy Development. 

AB Biorefining Commercialization and Market 
Development Program (BCMDP) and Bioenergy 
Infrastructure Development Program (BIDP) 

2007 
 

http://www.energy.gov.ab.ca/BioEnergy/1636
.asp 

Description: Funding to increase biorefining capacity, and develop markets 
AB Carbon tax 2007 

 
http://www.alberta.ca/climate-carbon-

pricing.cfm 
Description: Emitters exceeding limit of 100,000 tCO2/year must pay $15/t 

BC BC Energy Plan 2007  http://www.empr.gov.bc.ca/eaed/investmenti
nfo/documents/bc_energy_plan_fact_sheet.p

df 
Description: Released in 2007, the BC Energy Plan sets aggressive targets for zero net GHG emissions, new investments in innovation, and 
an ambitious target to acquire 50 per cent of BC Hydro's incremental resource needs through conservation by 2020. Clean or renewable 
electricity generation will continue to account for at least 90 per cent of total generation. The Plan also states that new BC Bioenergy 
Strategy will take advantage of B.C.'s abundant sources of renewable energy, such as beetle-killed timber, wood wastes and agricultural 
residues. 

BC Greenhouse Gas Reduction Targets Act 2007  http://www.leg.bc.ca/38th3rd/1st_read/gov4
4-1.htm 

Description: In 2007, the BC government set a target of 33% emission reductions from 2007 to 2020 and 80% by 2050. (Bill 44) 
Federal - 
Environment 
and Climate 
Change 

EcoENERGY Initiatives 2007  http://www.climatechange.gc.ca/default.asp?l
ang=En&n=AFAF156B-1#eco_ener1 

Description: Originally conceived and implemented as part of "A Climate Change Plan for the Purposes of the Kyoto Protocol 
Implementation Act - May 2010" EcoENERGY Initiatives included: The ecoENERGY Technology Initiative (ecoETI), investing $230 million over 
5 years (2007-12) in the research, development and demonstration of clean transformational energy technologies and systems. The 
Initiative is directed towards increasing clean energy supplies, reducing energy waste and reducing pollution from conventional energy. 
Producer incentives for renewable fuels;  a Renewable Power program  investing $1.48 billion to provide incentives to increase Canada's 
supply of clean electricity from renewable sources such as wind, biomass, low-impact hydro, geothermal, solar photovoltaic and ocean 
energy. The program will provide an incentive of 1 cent/kWh for up to 10 years to qualifying projects; EcoEnergy for Biofuels ($0.1/L for 
ethanol, $0.2 for biodiesel) to support development of biofuel production, as well as a series of 'Eco' investments focused on reduction of 
GHG emissions through reduced or more efficient use of energy. 

Federal - Natural 
Resources 
Canada 

North American Wood First Program (NAWF) 2007  http://www.nrcan.gc.ca/evaluation/reports/2
011/806#fn5-rf 

Description: The overall objective of this program was to support increased use of wood in non-residential construction in Canada and 
targeted regions of the United States by supporting the efforts of the Canadian Wood Council, Wood Products Council, Quebec Wood 
Export Bureau and the Western Red Cedar Lumber Association in their delivery of WoodWorks, U.S. WoodWorks, and Cecobois. NRCan 
NAWF expenditures from 2006-07 to 2009-10 totaled $12.5 million. 

Federal - Natural 
Resources 
Canada 

Forest-based Community Partnerships 2007 
 

http://www.nrcan.gc.ca/evaluation/reports/2
011/816 

Description: Created in 2007 after the conclusion of the Canadian Model Forest Program, the Forest Communities Program assists 
community-based partnerships to develop and share knowledge, strategies and tools to adjust to forest sector transition and to take 
advantage of emerging forest-based opportunities.  The Forest Communities Program is a $25-million, 5-year program that provides funds 
to eleven sites across Canada and the Canadian Model Forest Network, as well as national and international projects.  On average, about 
172 projects are funded annually. The First Nations Forestry Program was a federally funded program that worked to build First Nations’ 
capacity to participate in and benefit from sustainable forest management and forest-based economic opportunities.  Jointly funded by 
NRCan and Aboriginal Affairs and Northern Development Canada (AANDC), the Program positioned communities to participate in and 
benefit from forest-based development opportunities both on and off-reserve.  The Program was first introduced in May 1996 and expired 
on March 31, 2011.  Annually, the FNFP supported about 145 projects to increase the forestry capacity of First Nations by supporting four 
inter-related business lines: forest management activities, business development, skills training and access to resources. 
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Federal - Natural 
Resources 
Canada 

Forest Innovation and Forest Research Institute 
Initiative Support to the Forest Research Institutes 

2007  http://www.nrcan.gc.ca/evaluation/reports/2
010/840 

Description: The strategy was intended to create a new national institutional framework to improve the efficiency, effectiveness, and 
responsiveness of the forest innovation system, specifically: integration of Canada’s not-for-profit forest research institutes (FERIC, Forintek 
and Paprican)  to form FPInnovations (the world’s largest forest research organization) ($5 million); formation of the Canadian Wood Fibre 
Centre, which forms the ‘fourth pillar’ of FPInnovations ($10 million); and the Transformative Technologies Program (TTP), aimed at 
developing knowledge to support future-oriented forest products ($55 million). Also included was the Forest Research Institute Initiative 
(approximately $5 million per year).  The Forest Research Institute Initiative provided to the former FERIC and Forintek Institutes (now 
elements of FPInnovations) to support research that furthers NRCan's overarching goal of sustainable natural resources development by 
helping to create an economically competitive forest sector. 

Federal - Natural 
Resources 
Canada 

ecoENERGY for Renewable Power 2007  http://www.climatechange.gc.ca/default.asp?l
ang=En&n=AFAF156B-1#eco_ener1 

Description: The ecoENERGY for Renewable Power program is investing $1.48 billion to provide incentives to increase Canada's supply of 
clean electricity from renewable sources such as wind, biomass, low-impact hydro, geothermal, solar photovoltaic and ocean energy. The 
program will provide an incentive of 1 cent/kWh for up to 10 years to qualifying projects.  The program came into effect on April 1, 2007 as 
projected, and as of March 31, 2010, ninety-nine contribution agreements had been signed with proponents, representing about $1.4 billion 
in federal funding over 10 years and 4357 MW of renewable power capacity. As of April 1, 2010, fifty-two renewable power projects were 
in operation representing over 2500 MW of capacity and $803 million in funding commitment over 10 years. 

Federal - Natural 
Resources 
Canada 

ecoEnergy Technology Initiative (ecoETI) 2007 
 

http://www.nrcan.gc.ca/audit/reports/2011/9
86 

Description: Introduced in 2007, the ecoETI Program provided funds for research, development, and demonstrations to support the 
development of next generation energy technologies needed to achieve emissions-free fossil fuel production and use.  The Program also 
provided funding to develop technologies for producing and using energy from other clean sources, such as renewable and bio-energy. 
Following two consecutive one-year extensions, the program concluded March 31, 2013. The ecoETI focused on six clean energy priority 
areas: (1) Clean Fossil Fuels; (2) Clean Integrated Electricity – with three sub-components: Clean coal and carbon capture and storage, 
Distributed power generation, Next generation nuclear energy technologies; (3) Bio-based Energy Systems; (4) Low Emission Industrial 
Systems; (5) Clean Transportation Systems; and (6) Built Environment. 

MB Biofuels Act 2007 
 

http://web2.gov.mb.ca/bills/39-4/b017e.php 
Description: Producer incentive, $0.20/L for ethanol (declines over first 3 years), $0.14/L biodiesel, $0.11/kWh biomass power produced 

NB Renewable Portfolio Standard 2007 
 

http://www2.gnb.ca/content/gnb/en/depart
ments/energy/energy_blueprint/content/rene

wable_portfolio.html 
Description: The Province of New Brunswick will increase the provincial Renewable Portfolio Standard to a minimum of 40 percent of NB 
Power’s in-province sales by 2020. 

NS Renewable Energy Standard (part of Environmental 
Goals and Sustainability Prosperity Act -- EGSPA) 

2007  http://novascotia.ca/nse/egspa/docs/EGSPA-
2014-15-Progress-Report.pdf 

Description: The current goal (under EGSPA) is for 40 per cent renewable energy by 2020. 
ON Integrated Power System Plan 2007 

 
http://www.ieso.ca/Documents/Regional-

Planning/IPSP-1.pdf 
Description: This 20-year plan aims to double renewable energy capacity from 2007 to 2027, including a goal to add 800 mw of biomass. 
The plan reflects Ontario’s interest in the use of forest biomass as a renewable energy source. 

ON Ethanol Fuel Standard -- Regulation 535/05 2007  https://www.ontario.ca/page/ethanol-
gasoline 

Description: Requires suppliers of gasoline to ensure an annual average of not less than 5 per cent in gasoline sold in Ontario. To encourage 
better environmental performance, the regulation provides additional recognition for every litre of cellulosic ethanol that is sold in Ontario 
(i.e.  1 litre of cellulosic ethanol is equivalent to 2.5 litres of ethanol produced from other feedstocks for compliance purposes). 

QC Sustainable Development Act / Strategy 2007 
 

http://www.stat.gouv.qc.ca/institut/plan_dev
_durable-2008-2013.pdf 

Description: The Sustainable Development Strategy 2008–2013, released in 2007, which again deals not just with forest resources, forms 
the basis for the framework of the government’s sustainable development initiative, which calls for the participation of all government 
departments and agencies, as well as Quebec society. Under Direction 6, the Strategy calls for integrated land management at all decision-
making levels, which includes preserving biodiversity and environmental protection. This Strategy implemented a key element of the 
Sustainable Development Act. 
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SK Saskatchewan Biofuels Investment Opportunity 
(SaskBIO) Program 

2007 
 

http://www.gov.sk.ca/adx/aspx/adxGetMedia.
aspx?mediaId=144&PN=Shared 

Description: Established as four-year program to provide repayable investments for biofuels facilities 
SK Saskatchewan Energy and Climate Change Plan and 

Act 
2007  http://www.saskatchewan.ca/government/ne

ws-and-media/2007/june/14/new-plan-
attacks-climate-change-in-saskatchewan 

Description: The Plan establishes targets to reduce GHG emissions. The plan has five components: (1) conservation and efficiency measures 
by industry, business, and homeowners; (2) carbon dioxide capture and storage measures in Saskatchewan’s oil and gas industry and in the 
province’s electricity sector; (3) increased use of renewable energy, including wind, solar power, and hydrogen, and further development 
of Saskatchewan’s ethanol and biodiesel resources; (4) reduction of methane and other emissions in the oil and gas industry, and methane 
and nitrous oxide emissions in the agriculture industry; and (5) creation of more natural carbon sinks in Saskatchewan’s forests and soils. 
Forest biomass was not specifically mentioned in the plan. 

AB Provincial Energy Strategy 2008 
 

http://www.energy.alberta.ca/Org/pdfs/AB_P
rovincialEnergyStrategy.pdf 

Description: While predominantly focused on increasing the value and reducing the environmental footprint of continued production and 
refining of fossil fuels, the energy strategy also supports increased production of energy from renewable sources, including wind, solar, 
biomass and geothermal. The strategy also speaks to increasing production of biofuels from agricultural products, such as grains and canola, 
and cellulose from plant fibre and switch grass, and forestry waste products such as wood chips and wood waste. 

AB Climate Change Strategy 2008 
 

http://aep.alberta.ca/forms-maps-
services/publications/documents/AlbertaClim

ateChangeStrategy-2008.pdf 
Description: Establishes three major goals: (1) Reduce Greenhouse Gas Emissions by transforming energy use, application of energy efficient 
solutions and conserving energy; (2) Storage of quantities of CO2 in geological formations instead of release into the atmosphere; and (3) 
Transform the means of energy production and further the introduction of cleaner, more sustainable approaches to energy production, 
including bioenergy. 

BC Bioenergy Call for Power - Phase I 2008  https://www.bchydro.com/content/dam/BCH
ydro/customer-

portal/documents/corporate/independent-
power-producers-calls-for-power/2008-phase-
1-rfp/bioenergy-call-request-for-proposals.pdf 

Description: BC Hydro has issued two requests for proposals to obtain electricity from biomass.  Phase 1 was for projects which could 
proceed with existing tenure and Phase 2 was for projects that might need new bioenergy licenses to proceed. Phase 2 aimed to acquire 
1,000 GW/year of bioenergy.  As of August 4, 2011, four projects had been awarded Electricity Purchase Agreements under the RFP. 

BC BC Bioenergy Strategy 2008  http://www.energyplan.gov.bc.ca/bioenergy/
PDF/BioEnergy_Plan_005_0130_web0000.pdf 

Description: Released in 2008, the BC Bioenergy Strategy outlines the province’s plans for programs and initiatives related to use of biomass 
to produce products, energy, and fuel for the province. The Strategy commits to have biofuels meet 50% or more of the province’s 
renewable fuel requirements by 2020, to develop at least 10 community energy projects that convert local biomass into energy by 2020, 
and to establish one of Canada’s most comprehensive provincial biomass inventories that creates waste to energy opportunities. Bioenergy 
is absolutely critical to achieving B.C.’s climate goals and economic objectives. 

BC BC Bioenergy Network (Bioenergy Strategy) 2008  http://bcbioenergy.ca/ 

Description: BC Bioenergy Network (BCBN) is championing bioenergy development in BC and creating value from our forests and other 
biomass resources for the benefit of all British Columbians. Established in 2008 as a not-for-profit organization as part of the Province’s 
Bioenergy Strategy, BCBN was provided a $25 million grant from the BC Ministries of Energy and Mines and Environment to foster and 
accelerate the growth of BC’s bioenergy industry. BCBN’s objectives are to: (1) Maximize the value derived from BC’s biomass resources; 
(2) Develop mission-driven research, development and demonstration projects; (3) Support projects that reduce greenhouse gas emissions; 
(4) Network and partner in BC, Canada, and internationally to advance the bio-economy; and (5) Lever funding to support bioenergy 
technology and applications. BCBN has provided funding of $15.75 million to 19 bioenergy capital projects, $822,285 for 11 capacity-
building initiatives, and $245,000 in contributions for education and advocacy. Support demonstration and deployment of biomass heat, 
power and fuel technologies. 

BC Carbon Tax Act 2008 
 

http://www.leg.bc.ca/38th4th/3rd_read/gov3
7-3.htm 

Description: The revenue-neutral tax was implemented in July 2008 and applies to all fossil fuels, including gasoline, diesel, natural gas, 
coal, propane, and home heating fuel. The initial tax rate was relatively low and has increased gradually to allow families and businesses 
time to reduce their emissions. The last increase was in July 2012. The government will undertake a comprehensive review of the carbon 
tax and its impact on British Columbians. Bill 37 
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BC Greenhouse Gas Reduction (Cap and Trade) Act 2008 
 

http://www.leg.bc.ca/38th4th/1st_read/gov1
8-1.htm 

Description: BC was the first Canadian province to join the Western Climate Initiative (WCI) in April 2007. The WCI was created in February 
2007 by the governors of Arizona, California, New Mexico, Oregon and Washington with the long-term commitment to reduce regional 
GHGs and fight climate change by focusing on a market-based cap and trade system. Since that time, Ontario, Québec and Manitoba have 
joined, along with Utah and Montana. The 2008 Act authorizes hard limits on GHG reduction and participation in other jurisdiction trading 
systems (Bill 18) 

BC Greenhouse Gas Reduction (Renewable and Low 
Carbon Fuel Requirements) Act Renewable and Low 
Carbon Fuel Requirements Regulation 

2008 
 

http://www.bclaws.ca/EPLibraries/bclaws_ne
w/document/ID/freeside/1231636805 

Description: BC required 5% renewable fuel content in gasoline by 2010, 3% renewable content in diesel by 2010, and 4% from 2011 onward 
BC Greenhouse Gas Reduction (Vehicle Emissions 

Standards) Act 
2008 

 
http://www.leg.bc.ca/38th4th/amend/gov39-

2.htm 
Description: The Act enacted in 2008 sets vehicle GHG emission standards equivalent to those laid out in California’s 2004 Low-Emission 
Vehicle II regulations. The Act will be brought into force by regulation currently under development. Vehicle emission standards will cut 
GHG emissions by 30 per cent relative to current vehicle models — a reduction of 600,000 tonnes of GHG emissions annually by 2016. This 
will also help to increase the fuel efficiency of the vehicle fleet in B.C., creating financial savings for British Columbians who will pay less at 
the pump. The Act also enables the regulation of zero emission vehicles. 

BC Innovative Clean Energy Fund 2008  http://www2.gov.bc.ca/gov/content/industry/
electricity-alternative-energy/energy-

efficiency-conservation/innovative-clean-
energy-ice-fund 

Description: The ICE Fund is a Special Account, funded through a levy on certain energy sales, designed to support the Province's energy, 
economic, environmental and greenhouse gas reduction priorities, and to advance B.C.'s clean energy sector. Under its current spending 
plan for 2015/16 to 2017/18, ICE Fund supported initiatives include: Clean Energy Vehicle Program - Phase 2; Public Sector Energy 
Partnerships; Community Energy Leadership Program; Post-Secondary Clean Energy Partnerships Program; Energy Efficiency and 
Conservation Programs; B.C. - NRCan ISO 50001 Implementation Incentive; Oil to Heat Pump Incentive Program; and Completion of 
remaining 2008-2014 technology pre-commercialization projects. From 2008 to 2014, the mandate of the ICE Fund was to support 
advancement of pre-commercial clean energy technologies in the electricity, alternative energy, transportation, and oil and gas sectors by 
acting as a critical bridge to the financial barriers to commercialization. Since 2008, over $77 million has been approved for 62 projects 
throughout B.C. These demonstration projects showcased a variety of clean energy technologies including solar, wind, tidal, geothermal, 
ocean wave and bioenergy.  Environmental Benefits -- Benefits associated with the completed ICE Fund projects include a reduction in 
greenhouse gas emissions of over 324,000 tonnes, which is an equivalent to removing 68,000 passenger vehicles off B.C. roads!  Economic 
Benefits -- Completed projects have created approximately 240 ongoing jobs. 

BC BC Climate Change Action Plan -- Greenhouse Gas 
Reduction (Emissions Standards) Statutes 
Amendment Act 

2008 
 

http://www.leg.bc.ca/38th4th/3rd_read/gov3
1-3.htm 

Description: Established under the aegis of the Climate Change Action Plan, the Act passed in 2008 focuses on reducing GHG emissions 
from certain industrial operations, while increasing opportunities in the bioenergy sector. For example, waste-management operations 
(including landfills, composting facilities and sewage treatment plants) will be required to manage GHGs by reducing emissions or capturing 
them, with the option of tapping into their energy-generation potential as an economic opportunity. The Act provided authority for the 
Landfill Gas Management Regulation (enacted in January 2009). Additionally, the Act enables regulation of zero and net zero GHG emissions 
for electricity generation. Bill 31 

Federal - Natural 
Resources 
Canada 

ecoENERGY for Biofuels 2008 
 

http://www.climatechange.gc.ca/default.asp?l
ang=En&n=AFAF156B-1#eco_ener1 

Description: The ecoENERGY for Biofuels Initiative supports the production of renewable alternatives to gasoline and diesel and encourages 
the development of a competitive domestic industry for renewable fuels. ecoENERGY for Biofuels will invest up to $1.5 billion over nine 
years in support of biofuels production in Canada. Administered by Natural Resources Canada, the program runs from April 1, 2008 to 
March 31, 2017. The ecoENERGY for Biofuels Initiative is part of the Government of Canada's renewable fuels strategy. The program plays 
a key role in helping industry get renewable fuels on the market in advance of the renewable fuels regulation. At present, the program is in 
its third year of operation and is fully operational. As of April 1, 2010, the Government has 21 signed Contribution Agreements under the 
program, representing a total commitment of $966 million ($765 million Ethanol and $201 million biodiesel) with a potential production of 
1.6 billion litres attainable by 2011/12. Deadline for applications was March 31, 2010. 
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NB Forest Biomass Harvesting Policy 2008  http://www2.gnb.ca/content/dam/gnb/Depar
tments/nr-

rn/pdf/en/Publications/FMB0192008.pdf 

Description: It is the policy of the Department of Natural Resources to permit harvesting of forest biomass from Crown lands while ensuring 
the sustainable management of Crown forests. The policy also recognises that forest stands harvested for bioenergy purposes may not 
provide the full suite of ecological values identified in the document “The New Brunswick Public Forest – Our Shared Future”. The DNR has 
developed criteria and objectives for the provision of forest for wildlife and other ecological values and will endeavor to determine the 
extent to which biomass harvesting is suitable for stands identified as providing those values currently or in the future. 

NS eco Nova Scotia Environmental Technology 
Program 

2008 
 

http://novascotia.ca/nse/egspa/docs/EGSPA.2
010.Annual.Report.pdf 

Description: Funding for RD&D, and commercialization of green technologies, particularly with respect to renewable energy.  The 
Environmental Technology Program, a part of ecoNova Scotia, funds projects that increase energy efficiencies, develop renewable energy 
technologies, or reduce energy use. The municipal program supports community-led projects that reduce greenhouse-gas and air-pollutant 
emissions.  (Apparently funded through 'Canada Trust' program of Federal Government, but references to this cannot be found at 
canada.ca) 

ON Ontario Forest Biofibre Policy 2008 
 

https://www.ontario.ca/document/forest-
biofibre-allocation-and-use 

Description: The policy defined forest biofibre as “forest resources from Crown forests that are not normally being utilized for conventional 
forest products and that are made available under an approved management plan. Forest resources as defined under the Crown Forest 
Sustainability Act (Statutes of Ontario 1994) are trees in a forest ecosystem, any other type of plant life prescribed by the regulations that 
is in a forest ecosystem, and parts of or residue from trees in a forest ecosystem.” Available forest biofibre includes tree tops, cull trees, or 
portions of trees, unmerchantable and unmarketable trees and stands, and trees that may be salvaged as a result of a natural disturbance. 
The policy does not apply to residual by-products of mill operations such as such as wood shavings, sawdust, bark, or wood chips. The 
policy’s goals are to “create and support new opportunities to develop and use new technologies and products in order to diversify the 
Ontario economy” and to “encourage the use of forest biofibre to reduce Ontario’s dependence on fossil fuels and reduce energy costs 
through the development of bioenergy and biofuels projects.” 

ON Ontario Ministry of Agriculture, Food and Rural 
Affairs (OMAFRA) // University of Guelph 
partnership 

2008 
 

http://www.uoguelph.ca/omafra_partnership/
research/en/index.asp 

Description: Research on bioproducts, focus on agriculture but also do forest bioeconomy work 
ON Cap and Trade System 2008 

 
https://www.ontario.ca/page/cap-and-trade  -

---   
https://www.premier.gov.on.ca/en/news/323

68 
Description: Ontario joined the Western Climate Initiative in 2008; however, substantive steps to develop and implement a cap-and-trade 
system as the basis for achieving further reductions in greenhouse gas emissions were initiated in 2015 

QC Forest Biomass Allocation Program 2008  http://www.mern.gouv.qc.ca/english/publicati
ons/forest/understanding/fiche-biomasse-

en.pdf 
Description: An element of a comprehensive, five program Forest Biomass Plan, the Forest Biomass Allocation Program came into force in 
the public forests in June 2008. It allows the Ministère des Ressources naturelles et de la Faune (MRNF) to allocate forest biomass to 
promoters for a period of five years, following a competitive bidding process for volumes available regionally and in specific management 
units. The process includes an evaluation grid to ensure that the best biomass development projects are selected. In addition, the regional 
conferences of elected officers are able to influence the program and adjust it to regional requirements, for example by informing the 
MRNF of the relative importance of the various project classification criteria in their respective regions, launching their own calls for bids, 
or making recommendations concerning the proposals received. Calls for bids have already taken place in a number of regions, and others 
were to be launched between the program start and March 31, 2013, since the available volumes had not yet been fully allocated. It appears 
this allocation program has been completed. 

QC Heavy fuel oil reduction program 2008  http://www.mern.gouv.qc.ca/english/publicati
ons/forest/understanding/fiche-biomasse-

en.pdf 
Description: Part of the comprehensive Forest Biomass Plan, the Heavy Fuel Oil Reduction Program provided funding for conversion to 
forest biomass energy from heavy oil. Budget estimates indicate funding continues through fiscal year 2020, though it is unclear whether 
new applications are being considered. 
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QC Sustainable Management in the Boreal Forest 2008  http://www.mffp.gouv.qc.ca/english/publicati
ons/forest/publications/boreal-forest.pdf 

Description: Sustainable Management in the Boreal Forest describes Quebec’s achievements in sustainable forest management in boreal 
forests by describing current actions and the progress that must be made if management is really sustainable. The document recognizes 
forest biomass, including branches, roots, and silvicultural waste, as an “excellent” resource for energy production, given rising energy 
prices and the need to reduce GHG emissions. 

SK Go Green Grant 2008  http://www.environment.gov.sk.ca/go-
green/fund 

Description: Funds for sustainable development projects and to overcome barriers to commercialization of green technology 
AB Climate Change and Emissions Management Fund / 

Climate Change and Emissions Management 
Corporation 

2009 
 

http://aep.alberta.ca/climate-
change/programs-and-services/investing-in-

science-technology-and-innovation.aspx 
Description: Payment into the Climate Change and Emissions Management Fund is one compliance option for regulated facilities under the 
Specified Gas Emitters Regulation. Companies that are required to meet the provincial reduction target for greenhouse gas emissions can 
choose to pay into the fund for emissions over the target. The Alberta government is responsible for collecting this money for each 
compliance year. Since 2007, approximately $577 million has been paid into the Climate Change and Emissions Management Fund. The 
price of carbon: In 2015, $15 for every tonne over a facility’s reduction target; In 2016, $20 for every tonne over a facility’s reduction target; 
In 2017, $30 for every tonne over a facility’s reduction target. The money collected into the Climate Change and Emissions Management 
Fund may only be used to support initiatives and projects that reduce greenhouse gas emissions or improve Alberta’s ability to adapt to 
climate change. The Climate Change and Emissions Management Corporation (CCEMC) is a not-for-profit, arm’s-length organization from 
government that is responsible for investing funds allocated to them into initiatives and projects that support emission reduction 
technologies and improve our ability to adapt to climate change in Alberta. As of July 2015, $350 million has been invested into 109 clean 
energy and adaptation projects. 

BC Wood first act 2009 
 

http://www.bclaws.ca/civix/document/id/com
plete/statreg/09018_01 

Description: Requires provincially funded buildings use wood as the primary construction material 
Federal - Natural 
Resources 
Canada 

Pulp and Paper Green Transformation Program 
(PPGTP) 

2009 
 

http://www.nrcan.gc.ca/evaluation/reports/2
013/15390 

Description: The Pulp and Paper Green Transformation Program (PPGTP) was established by the Government of Canada (GoC) and 
implemented by the Canadian Forest Service (CFS) within Natural Resources Canada (NRCan). Its objective was to improve the 
environmental performance of Canada’s pulp and paper industry, contributing to environmental and hence commercial sustainability. The 
Program assisted Canadian pulp and paper companies in making capital investments that would improve facility environmental 
performance, by providing a $0.16 per litre credit for black liquor produced at mills between January 1, 2009, and December 31, 2009, or 
to a cap of $1.0 billion in total credits issued, whichever came first. The Program’s terms and conditions officially expired on March 31, 
2012. 

Federal - Natural 
Resources 
Canada 

Clean Energy Fund 2009 
 

http://www.nrcan.gc.ca/sites/www.nrcan.gc.c
a/files/energy/files/pdf/CLEAN-ENERGY-FUND-

ENG-FINAL-may-29.pdf 
Description: R & D funding support for clean energy technologies to reduce GHG emissions, primarily from fossil fuels, but also including 
biomass 

ON Centre for Research and Innovation in the 
Bioeconomy (CRIBE) 

2009 
 

http://www.cribe.ca/ 

Description: The primary focus for the Centre for Research and Innovation in the Bio-Economy is the commercialization of research and 
innovation findings while transferring new technologies to industry in Ontario, Canada and globally. CRIBE facilitates the creation of new 
products, new processes, new businesses, new jobs and new wealth for Ontario's forest dependent communities. CRIBE administers a $25 
million investment fund under the guiding principles of flexibility and responsiveness - delivering a program that is results-orientated and 
sensitive to the needs of industry. CRIBE will cost-share projects valued at up to $2 million, though most proposals are for smaller amounts. 

ON Wood Supply Competition 2009  
Description: Competition for companies to secure unused wood from Ontario forests, including for pellets and biofuels 

ON Green Energy and Green Economy Act (Green 
Energy Act) 

2009  http://www.energy.gov.on.ca/en/green-
energy-act/ 

Description: A key focus of the GEGEA was development of renewable energy projects. To accelerate and facilitate implementation of such 
projects, the Act also established a Renewable Energy Facilitation Office (REFO) as an access point through which proponents would be able 
to connect with appropriate government and agency resources. Specific programs identified by REFO to foster development of such projects 
including: “a Feed-In Tariff (FIT) program that guarantees specific rates for energy generated from renewable sources.” The FIT Program 
replaced an earlier Renewable Energy Standard Offer Program, (RESOP), which had been administered by the Ontario Power Authority, 
(OPA); and established specific rates at which electricity would be purchased from generators of various capacities and renewable energy 
technologies. 
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ON Feed-in-Tariff (FIT) and Micro-FIT, which replaced 
Renewable Energy Standing Offer Program (RESOP) 
1, 2 and 3 

2009  http://www.energy.gov.on.ca/en/fit-and-
microfit-program/              

http://fit.powerauthority.on.ca/        
http://fit.powerauthority.on.ca/sites/default/f

iles/version4/FIT-Rules-Version-4-0-2.pdf 
Description: Ontario’s Feed-in Tariff (FIT) was launched in 2009 to encourage the development of renewable energy technology, attract 
investment and create new clean energy jobs in Ontario. The program is helping Ontario meet its goals for improving air quality and reducing 
its reliance on fossil fuels, including the phasing out of coal-fired generation in 2014. The Independent Electricity System Operator (IESO) 
has implemented these changes for both the FIT and microFIT programs. These changes will ensure the long-term sustainability of 
renewable energy while creating even more jobs, lowering prices and giving communities a greater say. 

ON Ontario Emerging Technologies Fund (OETF) 2009  http://www.ocgc.gov.on.ca/index_en.php?pag
e=ontario-emerging-technologies-fund 

Description: A $250 million fund to co-invest alongside Qualified Investors into innovative, high-growth, private, Ontario companies, 
managed by the Ontario Capital Growth Corporation (OCGC), an agency of the Ontario Ministry of Research and Innovation. The OETF is 
designed to respond to the challenges faced in raising capital by innovative, private, Ontario-based companies in the clean technology, life 
sciences and advanced health technologies, and digital media and information and communications technology sectors. The OETF is 
intended to become self-sustaining by allowing it to reinvest any returns from its investments. 

ON Ontario Innovation Demonstration Fund (OIDF) 2009 
 

http://www.ocgc.gov.on.ca/files_docs/conten
t/userfiles/OCGC-OETF-Users-Guide-EN.pdf 

Description: Funding for commercialization and initial demonstration of new green technology. Seems to have been incorporated / 
absorbed into Emerging Technology Fund, described above. 

QC Developing the Value of Forest Biomass: An Action 
Plan 

2009  http://www.mern.gouv.qc.ca/english/publicati
ons/forest/understanding/fiche-biomasse-

en.pdf  ---  
http://www.mffp.gouv.qc.ca/english/publicati

ons/forest/publications/biomass-action-
plan.pdf 

Description: A comprehensive five-point plan to increase utilisation of forest biomass. The elements of the plan included: (1) Make the 
resource available through the Forest Biomass Allocation Program for public lands, with funding from Internal MRNF resources; (2) 
Encouragement of the replacement of fossil fuels through the Heavy Fuel Oil Consumption Reduction Program with $150 M allocated; (3) 
Support and Investment Support Program for the use of forest biomass to heat institutional, commercial and religious buildings with $10 
M allocated; (4) Support innovation through the Technoclimat Program with $109 M of funding allocated; and, (5) Stimulate demand for 
forest biomass through a Hydro-Québec call for tenders for biomass cogeneration, on October 20, 2009.  The overall program was also 
supported by an awareness campaign, with funds allocated from internal MRNF resources. 

QC 125MW biomass call for power 2009 
 

http://www.mern.gouv.qc.ca/english/publicati
ons/forest/understanding/fiche-biomasse-

en.pdf 
Description: Part of the comprehensive Forest Biomass Plan, this program was a tender call from Hydro Québec through which companies 
could submit proposals and bid for power supply contracts based on forest biomass fuels sources. 

QC Investment Support Program for Forest Biomass 
Heating Assistance 

2009  http://www.mern.gouv.qc.ca/english/publicati
ons/forest/understanding/fiche-biomasse-

en.pdf 
Description: A component of the Forest Biomass Plan, this investment support program provides funding to replace or convert heating 
systems that use forest biomass to replace fossil fuel 

SK A Framework for Development of Saskatchewan’s 
Forest Industry 

2009  http://www.gov.sk.ca/adx/aspx/adxGetMedia.
aspx?mediaId=809&PN=Shared 

Description: The document identifies the need to assess value-added market development opportunities, encourage the provision of wood-
based biomass energy by further investigating Saskatchewan’s forest biomass potential and developing a provincial forest biomass energy 
strategy, continue research in the area of agro-forestry, particularly in relation to climate change, forest bioenergy, carbon sequestration 
and carbon market opportunities. 

AB Biorefining Conversions Network (BCN) 2010  http://www.bcn.ualberta.ca/ 
Description: Based out of the University of Alberta, BCN is an organization working to support provincial research communities in the areas 
of biorefining and biomass conversion technologies. By striving to form strong partnerships between academia and industry, the BCN 
promotes research programs that are structured towards achieving commercialisable outcomes. It is helping position Alberta more firmly 
as an early adopter of the emerging global bioindustries sector. 

AB Alberta Innovates -- Bio Solutions & Technology 
Futures 

2010  http://bio.albertainnovates.ca/       
http://www.albertatechfutures.ca/ 

Description: Bio Solutions supports research and innovation growing prosperity in Alberta's agriculture, food and forestry sectors. Alberta 
Innovates-Technology Futures supports research and innovation activities directed at the growth and development of technology-based 
sectors, the commercialization of technology, the provision of business and technical services, and initiatives that encourage a strong 
science, technology and entrepreneurial culture in Alberta. 
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BC Bioenergy Call for Power - Phase II 2010  https://www.bchydro.com/energy-in-
bc/acquiring_power/closed_offerings/bioener

gy_phase2_rfp/documents.html 
Description: The Bioenergy Phase 2 Call Request for Proposals supported the Province’s 2007 B.C. Energy Plan and 2008 Bioenergy Strategy 
to help mitigate impacts from the provincial mountain pine beetle infestation. It was completed with the award of four Electricity Purchase 
Agreements in August 2011 

Federal - 
Environment 
and Climate 
Change 

Renewable Fuel Standard 2010 
 

https://www.ec.gc.ca/Publications/97946437-
C2AA-4C24-8356-91B76E645707/1_RFR-

Overview-and-Trading-
System_2011_10_24_EN.pdf 

Description: Requirement of 5% ethanol and 2% biodiesel 
Federal - Natural 
Resources 
Canada 

Investments in Forest Industry Transformation (IFIT) 2010  http://www.nrcan.gc.ca/forests/federal-
programs/13139 

Description: The Investments in Forest Industry Transformation (IFIT) program was created in 2010 to support Canada’s forest sector in 
becoming more economically competitive and environmentally sustainable. The initial four-year $100-million initiative supported forest 
industry transformation by accelerating the deployment of highly innovative, first-in-kind technologies at Canadian forest industry facilities. 
These projects included bioenergy, biomaterials, biochemicals and next-generation building products. IFIT addresses a critical need for 
capital investment in new technologies by providing non-repayable contributions of up to 50% of a project’s costs for the demonstration 
of innovative technologies at the pilot or commercial scale in the Canadian forest industry. To date, IFIT has supported 14 projects across a 
range of forest sub-sectors and businesses, eight of which are world-first technologies. These projects aim to “de-risk” new technologies 
and encourage broader adoption of the technologies across the industry.  IFIT was renewed in February 2014, with an additional $90.4 
million provided for the program over four years. 

MB Power Smart Bioenergy Optimization Program 
(Manitoba Hydro) 

2010 
 

https://www.hydro.mb.ca/NewsReleases/Get
Detail?hdnAct=E&hdnTXT=%27Five%20New%

20Bioenergy%20Projects%20to%20be%20Dem
onstrated%20and%20Evaluated%27 

Description: Customer efficiency and cost avoidance incentives  -- Feasibility study costs are eligible for a financial incentive of 50 per cent 
of the initial $10,000 and 25 per cent of the remaining cost, to a maximum incentive of $15,000; and Capital cost incentive amounts are 
based on 15¢ per kWh for annual electricity reduction and 30¢ per cubic metre for annual equivalent natural gas reduction. The incentive 
will not exceed 50 per cent of the eligible project costs or a maximum incentive of $1,000,000 on electrical load reductions and $250,000 
on natural gas load reductions. Five pilot projects announced in 2010, four of which involved use of wood residues for electricity generation: 
(1) Use of pyrolysis generated bio-oil as a replacement for heavy fuel oil in a Kraft paper mill; (2) In a nursery, waste wood from nearby 
sources will be converted into a combustible gas and then used to power an engine-driven generator on site; (3) Sawmill residues will be 
used in an organic Rankine cycle in which waste wood is burned and then used to heat a refrigerant to run a small turbine-generator; and 
(4) Torrefaction, or carbonization, used to convert wood chips and crop residues into an alternative to coal for space and process heating 
and will be tested at sites that currently rely on burning lignite coal, with heat recovered from the conversion process  also  used for 
community heating. 

NS Community Feed-in Tariff (COMFIT) 2010 
 

http://energy.novascotia.ca/renewables/progr
ams-and-projects/comfit 

Description: Purchase power at $0.10/kWh, must be community or First Nations project 
PE Innovation PEI: -- Development & 

Commercialization Fund; Ignition Fund; Pilot and 
Discovery Fund 

2010  http://www.innovationpei.com/Programs-
Services 

Description: Offered through Innovation PEI, the fund supports businesses that are in the final stages of developing a new product or service 
and are seeking support to move their product beyond the pilot stage and into full commercial development. It is expected that 
beta/pilot/prototype products have already been developed and the concept has been proven. This can support final stage product 
refinements and expenses tied to commercialization.  Eligible applicants must: (1) Be from the private sector, industry associations, or 
academia; (2) Reside or be incorporated in Prince Edward Island; (3) Demonstrate capacity to meet project outcomes as evidenced through 
appropriate experience, education and training, or partnerships; and (4) Be majority owners of their business or lead researchers on their 
project. 

AB Renewable Fuel Standard 2011 
 

http://www.energy.gov.ab.ca/BioEnergy/1516
.asp 

Description: Alberta’s Renewable Fuels Standard (RFS) requires an average of two per cent renewable diesel in diesel fuel and five per cent 
renewable alcohol in gasoline sold in Alberta. The renewable fuel must have at least 25 per cent less greenhouse gas emissions (GHG) than 
the equivalent petroleum fuel. The RFS is expected to reduce GHG emissions by at least one million tonnes per year. 
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AD Alberta Research and Innovation Plan 2011 
 

http://eae.alberta.ca/media/293968/arip_jun
e%2017-final.pdf 

Description: The Alberta Research and Innovation Plan (ARIP) articulates provincial research priorities and is intended to guide activities 
across departments and agencies, as well to provide a high-level summary of provincial research and innovation priorities to guide the 
Alberta Innovates corporations and Campus Alberta. This guidance is intended to spur stakeholder collaborations and enhance the 
province‘s research strengths in the areas of energy, environment, agriculture, forestry, life sciences, and health, as well as in platform 
areas of biotechnology, nanotechnology, and information and communications technology. 

BC Waste Assessment Policy and Logging Residue and 
Waste Measurement 

2011  http://www2.gov.bc.ca/gov/content/industry/
forestry/timber-pricing/forest-residue-

waste/provincial-logging-residue-and-waste-
measurements-procedure-manual 

Description: The policy and regulations limit the volume of woody biomass that may be left following harvesting by imposing penalties 
based on the volume of otherwise merchantable timber left unutilised. The policy does not treat woody biomass in the form of harvest 
residue as 'merchantable' fibre, and thus provides no policy basis for use of such material as biorefining feedstock. 

BC BC Bio-economy 2011 
 

http://www.gov.bc.ca/jti/down/bio_economy
_report_final.pdf 

Description: In July 2011, the Bio-Economy Committee (Committee) was tasked with assessing the opportunities for accelerating the growth 
of the bio-economy in BC. The report found that the market potential of this new economy is huge ($170 billion for bioenergy, $200 billion 
for bioproducts) and B.C. has some of the best fiber resources to feed it. The job potential of this sector is also great, making it the real 
“value-added” forest industry of the 21st century. 

Federal - Natural 
Resources 
Canada 

Aboriginal Forestry Initiative 2011  http://www.nrcan.gc.ca/forests/federal-
programs/13125 

Description: The Aboriginal Forestry Initiative (AFI) represents a new Government of Canada approach to foster enhanced Aboriginal 
participation in the competitive and sustainable transformation of Canada’s forest sector.  Through the Canadian Forest Service, Natural 
Resources Canada leads the Aboriginal Forestry Initiative, in partnership with over 15 federal departments and agencies. The AFI supports 
the Government of Canada’s Framework for Aboriginal Economic Development. With a focus on economic development, the Aboriginal 
Forestry Initiative empowers Aboriginal entrepreneurs in the forest sector, by serving as a knowledge centre for Aboriginal forestry and 
forest sector innovation, and to facilitate knowledge exchange and coordination of federal and other support to opportunity-ready 
Aboriginal forestry projects and partnerships. The identification of priority areas are determined through networking and knowledge 
exchange with Aboriginal forestry and community economic development practitioners, industry, all levels of government, academia, 
Aboriginal and forestry associations, and through active monitoring of emerging trends in Aboriginal forestry. Currently, these priority areas 
for Aboriginal economic development in forestry include: (1) bioenergy; (2) forest-based services to industry and governments; and (3) 
value-added wood products. 

Federal - Natural 
Resources 
Canada 

Eco Energy Innovation Initiative (EcoEII) 2011 
 

http://www.nrcan.gc.ca/energy/funding/curre
nt-funding-programs/eii/4985 

Description: The program supported energy technology innovation to produce and use energy in a cleaner and more efficient way through 
funding for research and development, and for demonstration projects 

MB Manitoba Bioproducts Strategy 2011 
 

http://www.gov.mb.ca/agriculture/innovation
-and-

research/pubs/the_manitoba_bioproducts_str
ategy.pdf 

Description: A key goal of the strategy is that by 2020, Manitoba’s bioproducts industry will generate $2 billion in revenue, at least 80% of 
which comes from rural and northern Manitoba. The strategy seeks to build on Manitoba's advantages in biomass production and supply 
from agriculture and forestry. The bioproducts industry is of strategic importance to Manitoba's economic growth, environmental 
sustainability and rural and northern diversification. The strategy is designed to enable Manitoba to become a leader in bioenergy, natural 
fibres, biomaterials, and biochemicals. The strategy calls for aligning provincial resources and policies with partnerships to foster education, 
research, development, commercialization and trade in key priority areas, including Sustainable Biomass Production and Supply; Biofuels 
and Bioenergy; Biofibres and Biomaterials; and Biochemicals. 

NL Forest Industry Diversification Fund 2011  http://www.releases.gov.nl.ca/releases/2011/i
ntrd/0419n06.html 

Description: Reflecting the Provincial Government’s commitment to diversify the forest products industry, Budget 2011 will provide $4.2 
million for two of the province's larger integrated sawmills. Through the Forest Industry Diversification Program, a $2.2 million investment 
will allow Cottles Island Lumber Company Ltd. to expand its drying capacity, and make improvements to its softwood value-added 
manufacturing line. A $2 million investment in Burton’s Cove Logging and Lumber Ltd. will support improvements to the scaling and log 
sorting systems, and kiln drying capacity. 
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NL Forest Science and Innovation Fund 2011 
 

http://www.releases.gov.nl.ca/releases/2011/i
ntrd/0419n06.html 

Description: Innovative forest products, new technologies, and modern forest management practices are the basis of economic growth in 
the forest industry sector. Budget 2011 will provide $1.2 million to strengthen the province’s research capacity and foster innovation in 
forest research. The funding supports the Provincial Government’s Forest Research Strategy and will be allocated through the Centre for 
Forest Science and Innovation. 

ON Forest Tenure Modernization 2011  https://www.ontario.ca/page/forest-tenure-
modernization 

Description: Tenure reform to allow new entrants and local control of wood as opposed to single entity 
ON Growth Plan for Northern Ontario 2011  http://www.mndm.gov.on.ca/en/northern-

development/growth-plan-northern-ontario 
Description: Released in March, 2011, the Growth Plan for Northern Ontario is a 25-year plan that guides provincial decision-making and 
investment. The Growth Plan aims to strengthen the economy of the North by: Diversifying the region's traditional resource-based 
industries; Stimulating new investment and entrepreneurship; Nurturing new and emerging sectors with high growth potential. The plan 
indicates that efforts by the government, industry, and others should include identifying opportunities for developing the bioeconomy. 

QC Forest Products Sector Strategy 2012-2017 2011  http://www.mffp.gouv.qc.ca/forets/entreprise
s/entreprises-transformation-strategie-2012-

2017.jsp 

Description: The sector strategy is based on three main pillars: (1) Diversify wood products manufacturing to become less dependent on a 
cyclical economy; (2) For pulp and paper, develop new products and markets; and (3) Seize business opportunities for forest biomass 
development. 

QC Purchase power program for electricity from forest 
biomass 

2011 
 

Description: Purchases power from plants up to 50MW, will award contacts for 300MW total. 
QC Tax Credit for Production of Cellulosic Ethanol in 

Québec -- (CRÉDIT D'IMPÔT POUR PRODUCTION 
D'ÉTHANOL CELLULOSIQUE AU QUÉBEC) 

2011 
 

http://www.revenuquebec.ca/documents/en/
formulaires/co/co-1029.8.36.oc-t(2012-

05).pdf 
Description: Tax credit up to $0.15/L for production of cellulosic ethanol 

QC Support for the improvement of first gen ethanol 2011 
 

http://www.mddelcc.gouv.qc.ca/changements
/plan_action/bilans/bilan5-en.pdf 

Description: Funding for companies to convert to second generation ethanol 
QC Plan Nord -- Original 2011  unavailable 

Description: Plan Nord was a 25-year economic development strategy launched by the Quebec government in May 2011 to develop natural 
resources in northern Quebec. One priority initiative for forests identified in the plan is to “support initiatives that allow the use of forest 
biomass by conducting studies, opportunity analyses and inventories and by seeking uses (energy, wood-derived products, and so on) and 
good practices.” 

SK Small Power Producers Program (SaskPower) 2011 
 

http://www.saskpower.com/efficiency-
programs-and-tips/generate-your-own-

power/self-generation-programs/small-power-
producers-program/ 

Description: Sell renewable power -- up to 100 kw electricity -- to the grid for set rate ($0.096/kWh) 
SK Renewable Diesel Program 2011  http://www.qp.gov.sk.ca/documents/english/

Chapters/2011/R19-001.pdf 
Description: $0.13/L for production of renewable diesel fuel 

BC Forest Sector Strategy 2012  http://www.for.gov.bc.ca/mof/forestsectorstr
ategy/Forest_Strategy_WEB.PDF 

Description: Part of the BC Jobs Plan and builds on work of the Working Roundtable, this strategy provides a summary of actions or areas 
of focus consistent with the six priorities outlined in the report of the Working Roundtable on Forestry: 1. A commitment to using wood 
first; 2. Growing trees, sequestering carbon, and ensuring that land is available from which to derive a range of forest products; 3. Creating 
a globally competitive, market-based operating climate; 4. Embracing innovation and diversification; 5. Supporting prosperous rural forest 
economies; and 6. First Nations becoming partners in forestry.  The 2012 Strategy calls for embracing innovation and diversification in the 
forest industry and the need to move towards a bioeconomy. To that end BC will work towards: establishing a clear, long-term bio-economy 
vision, improving access to fibre and feedstock, establishing a technology development strategy, developing markets for B.C. bioproducts 
and aggressively market B.C.’s advantages, integrating the bio-economy’s infrastructure needs into provincial initiatives, and establish a 
bio-economy team that will formulate and articulate the bioeconomy vision for BC 

BC Forest Regulations 2012 
 

http://www2.news.gov.bc.ca/news_releases_
2009-2013/2012FOR0098-000920.htm 

Description: BC made amendments to regulations under the Forest Act, the Forest and Range Practices Act and the Wildlife Act  to bring 
into effect licenses to enable smaller operators to acquire wood fibre and logging debris unwanted by primary harvesters to increase 
opportunities to turn slash piles and unwanted fibre into energy, wood pellets and other bio-products 
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Federal - Natural 
Resources 
Canada 

Expanding Market Opportunities Program 2012 
 

http://www.nrcan.gc.ca/forests/federal-
programs/13133 

Description: The Expanding Market Opportunities Program (EMO) has two components: (1) Offshore Markets component, the goal of which 
is to maintain and grow international forest product markets while promoting Canadian forest products as an environmentally responsible 
choice; and, (2) North American component, the goal of which is to expand wood use in the North American non-residential and mid-rise 
construction market and position Canada as a world leader in sustainable forest management and a preferred source of sustainable forest 
products. Most projects funded under EMO are cost-shared with industry and other partners, with Natural Resources Canada (NRCan) 
providing up to 50% of eligible project costs. [EMO combines activities previously delivered under three separate forest sector–related 
programs that no longer exist as stand-alone programs: the Canada Wood Export Program (first established in 2002 and focused on offshore 
markets), North American Wood First Initiative (first established in 2007, focused on North American markets) and Leadership in 
Environmental Advantage in Forestry (first established in 2007, focused on highlighting the environmental credentials of Canadian forest 
products for buyers in Asia, Europe and North America). 

Federal - Natural 
Resources 
Canada 

Forest Innovation Program 2012  http://www.nrcan.gc.ca/forests/federal-
programs/13137 

Description: The Forest Innovation Program (FIP) was established to support research, development and technology transfer activities in 
Canada’s forest sector. Together, these activities are intended to help the sector pursue its ongoing transformation through the adoption 
of emerging technologies ready for commercialization. The FIP directly supports the Transformative Technologies Program and the work of 
the Canadian Wood Fibre Centre (CWFC). The Transformative Technologies Program supports pre-commercial research and development 
and technology transfer for innovative technologies and processes in the forest sector. This research, which is delivered by FPInnovations, 
Canada’s not-for-profit forest research institute, is focused on four key areas: (1) next-generation building systems; (2) bio-product 
development; (3) integrated value maximization; and (4) innovation deployment. 

MB Emissions Tax on Coal Act 2012 
 

http://web2.gov.mb.ca/laws/statutes/ccsm/e
090e.php 

Description: Tax on purchase of coal equivalent to $10/tonne of CO2, funds used for transition to biomass 
NB Large Industrial Renewable Energy Program 2012 

 
http://www2.gnb.ca/content/gnb/en/depart

ments/energy/industrial.html 
Description: Purchase renewable power generated large consumers at $95/MWh 

NS Innovacorp Demonstration Centre for the Resource-
Based BioEconomy 

2012  http://energy.novascotia.ca/renewables/progr
ams-and-projects/innovacorp-demonstration-

centre 
Description: Located at the former Bowater mill in Liverpool, the Centre offers companies a research, development and demonstration site, 
as part of Innovacorp's wider incubator programs. 

QC La Charte du Bois 2012  http://www.mffp.gouv.qc.ca/forets/entreprise
s/entreprises-transformation-charte.jsp 

Description: La Charte du Bois -- Wood Charter -- is a continuation of the Quebec Government's strategy to promote the increased use of 
wood in construction. 

QC Programme incitatif à la transformation des bois de 
qualité inférieure  (Incentive program for low-grade 
wood processing) 

2012  http://www.mffp.gouv.qc.ca/forets/entreprise
s/entreprises-programme-incitatif.jsp 

Description: The Ministère des Forets, Faunes et Parcs has set up a program to provide financial support to private developers who wish to 
realize industrial projects using large volumes of low-grade timber from Quebec deciduous and mixed forests. In the 2012-2013 Budget 
Speech, the government announced its intent to develop and implement a strategy to revitalize the sector of Quebec's hardwood forests. 
The strategy developed by the Ministry has three components, including an industrial component aimed at increasing the consumption of 
lower quality roundwood by the Quebec industry of wood processing. The objectives of this program are: (1) increased consumption of 
low-grade wood; (2) creating direct and indirect jobs; (3) optimizing the quality of harvested wood; (4) increased volume available for 
harvest; and (5) industry diversification of the wood processing 

AB Bioeconomy Alberta 2013  http://www.bioeconomyalberta.com/ 
Description: Bioeconomy Alberta is an informal network of organisations supporting, coordinating and partnering in bioinnovation through 
their technical knowledge in biomaterials, biochemicals, bioenergy and business knowledge and relationships in the developing biosector. 
Bioeconomy Alberta also collaborates to provide a coordinated presence at targeted trade shows and conferences. 
The network’s aim is to stimulate partnerships and collaboration with researchers, businesses and investors from beyond Alberta. 
Bioeconomy Alberta focuses on promoting Alberta’s bioindustrial strengths, including: world class infrastructure; significant renewable 
biomass resources; a capable and responsive research and development system; and a supported business environment integrated with 
government, universities and industry. 
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Jurisdiction Name of Policy / Program Year 
Initiated 

 
Website 

ON Forest Biofibre – Allocation and Use Directive 
(Results from 2013 Review of Forest Biofibre Policy) 

2013  https://www.ontario.ca/document/forest-
biofibre-allocation-and-use 

Description: Policy goals include economic diversification through use of new technologies and products, and use of forest biofibre to 
reduce Ontario’s dependence on fossil fuels and reduce energy costs. Specific objectives for biofibre use include: 1. Improved utilization of 
forest resources; 2. Identification of opportunities that may benefit Aboriginal people; 3. Evaluation of best end-use for forest biofibre, 
balancing socio-economic benefits with environmental stewardship; 4. Commitment to sustainability; 5. Pricing that considers renewal 
costs for forest resources and supports growth of new and existing industry; and 6. Flexibility to provide for immediate and future 
opportunities. However, the policy requires recipients of forest biofibre to hold a Forest Resource Processing Facility Licence. 

ON Ontario Long Term Energy Plan 2013  http://www.energy.gov.on.ca/en/ltep/achievi
ng-balance-ontarios-long-term-energy-plan/ 

Description: Achieving Balance, Ontario’s updated Long-Term Energy Plan, is the province’s blueprint for a safe, clean, reliable and 
affordable energy future. The plan was developed as an outcome from an extensive public consultation process and was released in 
December 2013. Achieving Balance represents Ontario’s long-term vision for the province’s electricity system. The plan balances five 
principles to guide decision-making: 1. cost effectiveness; 2. reliability; 3. clean energy; 4. community engagement; and, 5. an emphasis on 
conservation and demand management before building new generation. In December 2014, Ontario launched a quarterly energy report, 
which provides an up-to-date snapshot of the province’s energy sector. 

QC Québec in Action: Greener by 2020 -- 2013-2020 
Climate Change Action Plan 

2013 
 

http://www.mddelcc.gouv.qc.ca/changements
/plan_action/pacc2020-en.pdf 

Description: While primarily focused on reduction and avoidance of greenhouse gas emissions and adaptation to climate change, the Action 
Plan also notes that with its vast forests, dynamic agriculture and many municipalities, Québec enjoys a wealth of residual biomass that is 
currently under-exploited. The plan calls for the valorization of this renewable biomass, which will not only produce energy but will also 
help lower Québec’s dependence on petroleum products through the production of biofuel substitutes for fossil-based energy in industrial, 
residential, commercial and institutional heating and in transportation. Within the framework of the CCAP 2020, specific projects devoted 
to the production, supplying or use of bioenergy will be financially supported insofar as they engender short-term GHG reductions, while 
preserving air quality. The eligibility criteria will be specified later and will include, in particular, recognition of the carbon debt. Support will 
initially be confined to projects that use residual biomass. 

QC CO2 Cap and Trade 2013 
 

http://www.mddelcc.gouv.qc.ca/changements
/carbone/index-en.htm 

Description: Cap set on emissions, credits can be traded 
NB Putting Our Resources to Work: A Strategy for 

Crown Lands Forest Management 
2014 

 
http://www2.gnb.ca/content/dam/gnb/Depar

tments/nr-
rn/pdf/en/ForestsCrownLands/AStrategyForCr

ownLandsForestManagement.pdf 
Description: The intent of the strategy was to make more Crown wood available to industry. Government committed to allocate additional 
fibre to support companies who have committed to make substantial investments in mill modernization and equipment.  The strategy 
included increasing the sustainable harvest of softwood by 660,000 cubic metres to match the Province's overall timber objective of 
approximately 3.9 million cubic metres. 

NL Provincial Sustainable Forest Management Strategy 
(PSFMS) 

2014 
 

http://www.nr.gov.nl.ca/nr/pdf/psfms_17111
4.pdf 

Description: The 2014-2024 Provincial Sustainable Forest Management Strategy (PSFMS) is founded on the continued development of 
ecologically and environmentally sound policies, and the innovative development of a diversified renewable resource base. Utilizing tools 
such as the ISO 14001 Environmental Monitoring System and new remote sensing technologies, the Forestry Services Branch (FSB) is 
continuing the development of a strong forest industry sector that has the support of the citizens of Newfoundland and Labrador. FSB will 
invest in research and development to support diversification of the forest industry into areas such as bioenergy, biorefining, and 
engineered wood products. FSB will also strive to improve the efficiency of forest management, reducing costs for harvesters and producers 
alike. FSB will work with industry and academia to explore innovation in fibre allocation and transport logistics. 

ON Coal Phase Out 2014 
 

http://www.energy.gov.on.ca/en/archive/the-
end-of-coal/ 

Description: One major coal plant being converted to biomass (wood pellets) 
BC Fibre Recovery Tenures and 2015 Action Plan 2015 

 
https://www.for.gov.bc.ca/hth/timber-

tenures/fibre-recovery.htm 
Description: Two fibre recovery tenures are enabled by the regulations: (1) the Fibre Supply Licence to Cut (fsltc) and the Fibre Forestry 
Licence to Cut (ffltc). Once harvesting is completed on a specific block, the primary harvester is required to provide notice whether or not 
the waste remaining on the block will be utilized. If not, the rights to the fibre may be allocated to the holder of one of these tenures. The 
2015 update to this policy is designed to lead to increased utilization of lower quality fibre that remains on a block after primary harvesting 
is complete 
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Jurisdiction Name of Policy / Program Year 
Initiated 

 
Website 

MB The Forest Act (As most recently amended) 2015 
 

http://web2.gov.mb.ca/laws/statutes/ccsm/f1
50e.php 

Description: Legislation which provides the minister with legal authority to  regulate and administer all matters relating to, or in any way 
connected with, forestry, as this pertains to Crown timber, including: (a) all rights, properties, interests, claims and demands of the Crown 
in timber; (b) subject to The Financial Administration Act, all revenues and money of the Crown arising from forestry; (c) management, 
utilization and conservation of Crown forest lands and timber; (d) afforestation, reforestation, tree preservation and tree improvement; (e) 
the disposition of timber; (f) the cutting and production of primary forest products and products of the forest; (g) the enforcement of 
statutes, rules and regulations relating to forestry and provincial forests. The Act neither makes provision for nor addresses issues related 
to use of forest biomass in the form of harvest residues. 

MB MOU Concerted Climate Change Actions and 
Market-based Mechanisms 

2015 
 

http://www.gov.mb.ca/conservation/climate/
pdf/mou_quebec_manitoba_ontario.pdf 

Description: Building from previous announcements and consultations related to membership in the Western Climate Change Initiative and 
other climate change policies, Manitoba, Ontario and Québec signed this MOU which commits the signatories to: 1. Harmonize methods of 
data collection and inventory of greenhouse gas emissions; 2. Collaborate on the development of cap-and-trade system for greenhouse gas 
emission allowances that is consistent with the design of the Western Climate Initiative Partnership with the intent to link; 3. Accelerate 
the transition to a low carbon economy; 4. Develop, adapt, harmonize and adopt offset protocols; 5. Promote knowledge sharing and 
cooperation for adaptation to climate change; 6. Enhance public awareness; and, 7. Promote intergovernmental collaboration on climate 
change. The MOU also explicitly assigns Ministerial level responsibility within each participating government. 

MB Manitoba’s Climate Change and Green Economy 
Action Plan 

2015 
 

http://www.gov.mb.ca/conservation/climate/
pdf/mb-climate-change-green-economy-

action-plan.pdf 
Description: This new plan builds from several earlier climate change and emissions reductions mandates and is strategy to shift to a low-
carbon economy, reducing GHG emissions, and using carbon pricing to foster innovation and boost economic growth. While innovation 
initiatives are focused primarily on agriculturally-based products, the plan also speaks to opportunities for development of forest-based 
advanced bioproducts 

NB Electricity from Renewable Resources Regulation - 
Electricity Act. 

2015 . http://laws.gnb.ca/en/showfulldoc/cr/2015-
60//20151124 

Description: By December 31, 2020 and subsequently, NB Power shall ensure that 40% of the total in-province electricity sales in kilowatt-
hours is electricity generated from renewable resources, (which includes biomass). From August 12, 2014 to December 31, 2020, NB Power 
shall endeavour to obtain more electricity from renewable resources and, at a minimum, shall ensure it maintains the percentage of the 
total in-province electricity sales in kilowatt-hours for the fiscal year 2012-2013 that is electricity from renewable resources 

QC Le Fonds Biomasse Énergie 2015 . http://www.fondsbiomasse.com/index.php/a-
propos/ 

Description: The Biomass Energy Fund is an investment fund whose mission is structured and sustainable development of the energy system 
of heated to residual forest biomass in Quebec. This challenging project and promising for Quebec responds to regional development goals, 
social needs and environmental preservation. Created by Fondaction and the Quebec Federation of Forestry Cooperatives, with the support 
of Investissement Québec, the Fund aims to support energy Biomass heat production projects in the efficient and sustainable forest biomass 
for Quebec. The management of the funds entrusted to Fondaction. The Biomass Energy Fund is a limited partnership formed under the 
laws of Quebec 

QC Energy Policy - Energy in Québec: a Source of 
Growth 2030 

2015 
 

http://mern.gouv.qc.ca/english/energy/strate
gy/index.jsp 

Description: Vision - Make Québec by the year 2030 a North American leader in the realms of renewable energy and energy efficiency and 
thus build a new, strong, low-carbon economy. Targets - enhance energy efficiency by 15%; reduce by 40 % the amount of petroleum 
products consumed; eliminate the use of thermal coal; increase by 25% overall renewable energy output; increase by 50% bioenergy 
production. Key policy directions -- 1. ensure integrated governance of the energy transition; 2. promote the transition to a low-carbon 
economy; 3. offer consumers a renewed, diversified energy supply; 4. define a new approach to fossil energies. 

QC Plan Nord -- Revived 2015  http://plannord.gouv.qc.ca/en/ 
Description: The aim of the Plan Nord is to promote the potential for mining, energy, tourism, and social and cultural development in 
Québec north of the 49th degree of latitude. It will create jobs and wealth for northern communities and for Québec as a whole, while 
ensuring respect for the northern population and the environment. By harmonizing the economic, social and environmental aspects of the 
Plan Nord, the Québec government intends to make it a responsible, sustainable and unifying project for Québec society. Priority actions 
2015-2020 related to the Forest Sector include: Promote the use of forest biomass in energy generation for the mining industry, isolated 
communities and cogeneration plants; Develop the potential for biorefining through the extraction of components from wood substances; 
Establish a cooperative system for the management of forest resources in the area covered by the “Peace of the Brave” agreement; and, 
Promote the development of a high-performance, competitive wood products industry on the Côte-Nord. 

ON Forest Sector Investment and Innovation Fund 2016  https://www.ontario.ca/page/forestry-sector-
investment-innovation-program 

Description: The Forest Sector Investment and Innovation Program (FSIIP) provides funding for strategic investments in the forest sector 
that improve productivity and innovation, enhance competitiveness, support new market access, provide benefits to Ontario’s broader 
forest sector, and strengthen regional economies.  This fund was described as supporting projects with more than $3 million in eligible 
costs. 
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Jurisdiction Name of Policy / Program Year 
Initiated 

 
Website 

Federal - CCFM  A Forest Bioeconomy Framework 2017  https://www.ccfm.org/wp-
content/uploads/2017/08/10a-Document-

Forest-Bioeconomy-Framework-for-Canada-
E.pdf 

Description: The vision behind this framework is simple yet bold:  Canada will be a global leader in the use of forest biomass for advanced 
bioproducts and innovative solutions. There are multiple sources of clean energy in Canada— hydroelectric, wind, tidal, geothermal, solar, 
and bio (for electricity, heat, and fuels)—yet biomass is the only renewable source that can substitute the carbon from fossil fuels found in 
chemicals, plastics, and composites. A Forest Bioeconomy Framework for Canada seeks to increase the use of forest biomass throughout 
the economy. It can also help meet other priorities, including the objectives of the Pan-Canadian Framework on Clean Growth and Climate 
Change, clean technology innovation, green infrastructure, and green job creation. With new investment, more jobs, continued 
engagement with Indigenous peoples, new technologies, and better supply inventory and modelling, the forest industry can sustain its 
history of innovation, sustainability, and competitiveness. This framework is a clear signal that CCFM members are ready, in a spirit of 
collaboration, to tackle the forest sector’s ongoing challenges while ensuring the vibrancy and character of Canada’s forests for generations 
to come. 
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Chapter 4 Measures to assess sector disruptions and identify biorefinery 
opportunities 

4.1 Abstract 

Socio-economic indicators can shed light on the ability of new forest-based biorefinery technologies to 

address disruption caused by the long-term downturn in Canada’s forest sector.  A review of literature 

identifies a series of measures currently used in social life cycle assessment that can provide insight into 

forest biorefinery development.  Tools currently used to model forest biorefinery deployment in Canada 

are considered, and the I-BIOREF tool being developed by CANMET Energy is selected for use in this 

study.  The socio-economic measures suggested through the literature review are contextualized for 

application in Canada and reviewed to assess their practicality within the I-BIOREF tool. Key 

considerations include the availability of data, the automation of data collection (including the agencies 

responsible for collecting this data), and the acceptability of each measure to various stakeholders.  

Three measures - employment, employment income, and tax filings - are identified as candidates for 

inclusion within the I-BIOREF tool.   
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4.2 Assessing socio-economic impacts of forest sector change 

4.2.1 Introduction 

The primary research objective of this chapter is to define and develop measures of socio-economic 

impacts of forest biorefinery developments that can be practicably used and applied within the 

biorefinery case study deployments evaluated in Chapter 5. As discussed in more detail in a subsequent 

section of this chapter, the case studies are assessed using I-BIOREF, a decision-support software 

application being developed within CANMET Energy, part of Natural Resources Canada. The version of 

the application used within this research did not incorporate socio-economic measures and therefore a 

further objective of this element of the research was to develop measures that could be used with and 

ultimately be incorporated into the I-BIOREF application. 

4.2.2 Review of previous assessment approaches 

To date, conventional forest operations have not been replaced by significant advanced biorefining 

capacity across Canada despite a significant downturn in the market for traditional products such as 

pulp, paper, and lumber (see Chapter 2).  This is despite the introduction of many new policies 

supporting advanced biorefining technologies (see Chapter 3).  For policy to be effective in supporting 

the transition to advanced biorefining, it is important that data be collected that can help map the 

transition and signal success of the policy initiatives.  A number of indicators - techno-economic, socio-

economic, institutional, and environmental - may be used to monitor the transition from conventional 

forest products manufacturing to sustainable biorefining and provide direction regarding the types of 

policy and program supports that may be needed to advance forest biorefinery projects and a transition 

to a forest bioeconomy.  

Various formal methods and frameworks for socio-economic analyses have been explored in the 

literature.  These analyses are challenging because they require that the values, traditions, habits and 

different economic motives that may govern the behaviour of various economic agents included within 

the analysis be taken into account (Gräbner 2018).  Early work in this space carried out by the 

Development Bank of South Africa emphasizes that socio-economic data is essential for effective project 

development, but that the indicators used need to be carefully prepared - simply providing raw data 

does not provide users with the guidance they need to carry out useful analyses (Meintjes 2001).  The 

paper stresses the following in generating socio-economic indicators: area demographics; labour and 

employment characteristics; economic structure and performance; and infrastructure and access to 

services.  The concept of labour absorption capacity, which is the ability of a community to provide 
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employment opportunities to an available labour force, is also explored (Meintjes 2001); this has 

potential when one considers the potential for new biorefineries to take up workers displaced by market 

downturns in the conventional forest economy. 

Recent work from the International Energy Agency (IEA) (Lindorfer et al. 2019) notes that because most 

biorefinery technologies and concepts have not yet attained commercial scale, data available to support 

sound and understandable analyses of these technologies are quite limited, especially for those 

classified at low Technology Readiness Levels (TRL).  The IEA report is notable in that it introduces the 

concept of life cycle assessment (LCA); it suggests that “…scientifically sound assessment based on the 

premise of ‘life cycle thinking’ of new biobased products and their functionalities compared to reference 

systems (for example conventional and / or petrochemical-based) can be of significant benefit to 

decision-making” (Lindorfer et al. 2019, p.3).  This thinking builds on the work of a number of authors 

who have explored the potential for using LCA methodologies (Ahlgren et al. 2015; Pawelzik et al. 2013) 

and Social Life Cycle Assessment (S-LCA) measures and techniques (Benoît-Norris & Franze 2013; Benoît 

et al. 2010; Benoît & Mazijn 2009; Sureau et al. 2018).  In particular, S-LCA approaches incorporate 

socio-economic measures designed to measure impacts at the community or population level.  

To begin the process of developing specific measures to be used within this research the United Nations 

Environment Programme Guidelines for Social Life Cycle of Products and the related Methodological 

Sheets for Subcategories in Social Life Cycle Assessment were reviewed in detail (Benoît-Norris & Franze 

2013; Benoît & Mazijn 2009). The Methodological Sheets were developed by the United Nations 

Environment Program (UNEP) as a public resource to guide the application of S-LCA assessments. Five 

major stakeholder groups are identified within the methodologies: Local Community; Value Chain 

Actors; Consumer; Worker; and Society. Within each major stakeholder grouping assessment sub-

categories are identified, as described in Table 4-1.  These subcategories can serve as a basis for 

selection of indicators. 
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Table 4-1 S-LCA Methodology, stakeholder groups and assessment sub-categories 
Stakeholder Group Assessment Subcategories  
Local Community - Delocalization and Migration 

- Community Engagement 
- Cultural 
- Heritage 
- Respect of Indigenous Rights 

- Local Employment 
- Access to Immaterial Resources 
- Access to Material Resources 
- Safe and Healthy Living Conditions 
- Secure Living Conditions 

Value Chain 
Actors 

- Fair Competition 
- Respect of Intellectual Property Rights 

- Supplier Relationships 
- Promoting Social Responsibility 

Consumer - Health and Safety 
- Feedback Mechanism 
- Privacy 

- Transparency 
- End-of-Life Responsibility 

Worker - Freedom of Association and  
Collective Bargaining 

- Child Labour 
- Fair Salary 
- Hours of Work 

- Forced Labour 
- Equal Opportunities / 

Discrimination 
- Health and Safety 
- Social Benefit / Social Security 

Society - Public Commitment to Sustainability 
Issues 

- Contribution to Economic 
Development 

- Corruption 
- Technology Development 
- Prevention and Mitigation of 

Conflicts 
Source: Benoît-Norris & Franze 2013; Benoît et al. 2010; Benoît & Mazijn 2009 

The subcategories included in the S-LCA methodology incorporate a wide range of indicators and serve 

as a useful summary of previous work in this area.  The differentiation between community, value chain 

actors, and workers is particularly important, as this addresses key concerns raised by Gräbner (2018) 

and provides direction on how socio-economic data can be packaged for use by end users, as raised by 

Meintjes (2001).  The comprehensive S-LCA framework serves as the basis for modification as described 

in the following sections.  

4.2.3 Update of S-LCA framework to address Canadian biorefining implementation  

As described previously, the S-LCA framework of assessment subcategories provides a holistic and 

comprehensive review of potential socio-economic attributes which might be used to inform Canadian 

biorefining implementation.  Several of the stakeholder groups incorporated in this framework were 

determined to be not readily applicable within the Canadian context.  Similarly, several sub-categories 

within the remaining stakeholder groups were also determined to be not readily applicable in the 

Canadian context, as the concerns identified within the UNEP methods are addressed within applicable 

Canadian laws and established business and labour practices and standards.  

To this end, a modified framework has been developed and is presented in Table 4-2.  Several additions 

are made here.  First, a list of key considerations is incorporated with each sub-category.  These 
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considerations include issues around data collection and validation.  Accompanying these data are 

proposed measures which might provide a strong indication of each sub-category. In addition, as the 

UNEP methods do not explicitly examine the influence of possible public policies and programs on the 

potential for biorefinery development at specific sites, a separate category for ‘policy environment’ and 

related sub-categories were added, as shown in Table 4-2. Ultimately, a series of 14 unique measures or 

indicators are proposed to respond to each of the S-LCA subcategories identified in the table.  Some of 

these indicators may address more than one of the sub-categories: for example, employment by 

industry category not only informs the sub-category of local employment but provides insight into 

delocalisation and migration.  Each stakeholder or policy sub-category is served by at least one indicator 

that can provide insight into progress or changes that biorefinery deployment might deliver.   
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Table 4-2 Modified S-LCA framework, key considerations, and potential measures 
Stakeholder/ 
Policy 

Sub-category Key considerations Potential measure 

Local 
Community 

Local Employment - Change (increase) of employment 
in local area, by occupation codes 

- Key consideration will be data 
localisation to identify impact of 
proposed venture 

- Employment by industry 
category  
 

Delocalisation and 
Migration 

- Change (decrease) of 
employment in local area, by 
occupation codes, post closure 

- Key consideration will be data 
localisation to identify impact of 
mill closure 

- Employment by industry 
category  

Local 
Community 

Community 
Engagement 

- Proponent inclusion of 
community stakeholders in 
relevant decision-making 

- This measure is similar to / 
overlaps with corporate social 
responsibility to some extent 

- Calculate an ‘inclusion scale’ 
from interview findings 

Access to Material 
Resources 

- S-LCA orientation relates to 
venture impact on local 
resources; but also linked to 
policy environment and biomass 
availability / supply chain 

- Calculate ratio of identified 
biomass supply to venture 
needs, with higher percentage 
representing positive rating 

Value Chain 
Actors 

Fair Competition 
// Access to 
Biomass Supply 
for New Entrants 

- S-LCA methodology focuses on 
anti-competitive behaviour, such 
as price-fixing and collusion with 
competitors, and anti-trust or 
monopoly behaviours 

- For purposes of this research may 
be more appropriate to focus on 
extent to which existing 
legislation / regulations facilitate 
or constrain new entrants to 
forest sector, (as the activities 
focused on by S-LCA sub-category 
are illegal in Canada)  

- Yes / No check that new 
venture will be able to access 
needed raw material supplies 

- Calculate ratio of identified 
biomass supply to venture 
needs, with higher percentage 
representing positive rating 
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Table 4-2 Modified S-LCA framework, key considerations, and potential measures (continued) 
Stakeholder/ 
Policy 

Sub-category Key considerations Potential measure 

Value Chain 
Actors 

Supplier 
Relationships 

- S-LCA focus is on avoidance of 
negative impacts of procurement 
practices on suppliers. Implicit in 
orientation is assumed power 
superiority of venture being 
assessed over potential suppliers 

- In most Canadian situations for 
biorefinery ventures, key supplier 
relationship will be with source of 
biomass / furnish, structure and 
operation of which is likely to be 
governed by government legislation, 
regulation or policy. 

- Volume of feedstock available 
for use by proposed venture 

- Ratio of available feedstock to 
needed raw material supply 

Corporate and 
Social 
Responsibility 

- S-LCA focus is on assessment of 
extent to which an organisation / 
venture accounts for the interests of 
its complete stakeholder community 
in its operating activities and 
practices, from end-product to 
supply chain origin – customers, 
employees, suppliers, the 
community in which its supply chain 
operates, as well as shareholders 

- Potentially, proponent 
description of activities that 
comply with the GRI G3 
Sustainability Reporting 
Guidelines or the ISO 26000: 
Guidance on Social 
Responsibility 

Society Contribution to 
Economic 
Development 

- Extent to which biorefinery venture 
will contribute to economic 
development of area // contribute 
to forest sector 

- Extent to which mill closure has 
constrained local / are economic 
activity 

- Employment income 
(salaries/wages)  

- Tax filings 

Technology 
Development 

- S-LCA focus is technology transfer 
from more advanced to less 
advanced economies; however, for 
this research, focus on extent to 
which proposed biorefinery venture 
represents innovation or 
advancement of new technology 
will be more pertinent 

- Use of a Technology Readiness 
Level indicator, using typical 9-
point scale: 1-3 – Research / 
Lab Scale; 4-6 – Pilot / Demo 
Scale; 7-9 – Pre-Early / 
Commercial 
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Table 4-2 Modified S-LCA framework, key considerations, and potential measures (continued) 
Stakeholder/ 
Policy 

Sub-category Key considerations Potential measure 

Policy 
Environment 

Fostering / 
Constraining 
Biomass 
Availability / 
Supply Chain 

- Key focus for this indicator is 
extent to which existing legislation 
/ regulations facilitate or constrain 
new entrants to forest sector 

- Overlaps and could be combined 
with ‘Fair Competition’ within S-
LCA Value Chain 

- Yes / No check that new 
venture will be able to access 
needed raw material supplies 

- Description of policies / 
regulations that enhance / 
constrain proponent access to 
needed feedstock supply 

Fostering 
Biorefinery / 
Bioeconomy 
Development 

- Linked to eligibility for / 
availability of public sector 
financial support / investment 

- Involves determination of extent 
to which incentive programs focus 
on biorefinery development, or 
simply include biorefining as part 
of general industrial focus 

- Potentially a ranking scale of 
focus on biorefinery 
development / transition to 
bioeconomy vs. more general 
industrial incentives 

Policy 
Environment 

Freedom from 
Regulatory 
Hurdles 

- Given that some regulatory 
requirements apply to 
developments in all sectors, this 
indicator needs to be structured 
as a ‘relative’ measure of 
‘regulatory hurdles’ compared to 
the prevailing norm – eg. Do 
assessment requirements 
compare positively or negatively 
to the prevailing norm   

- A comparative measure will 
need to be developed to 
illustrate how the specific 
regulatory requirements 
applicable to the proposed 
biorefining venture compare 
to other industrial ventures 

Policy 
Environment 

Support for New 
Market 
Development 

- Linked to eligibility for / 
availability of public sector 
financial support / investment  

- Involves assessment of whether 
such support will extend to 
market development efforts that 
may be required for ‘new product’ 
introduction and development of 
customer acceptance and 
understanding of use / application 

- Potentially a yes / no or scaled 
response on degree to which 
policy / program are focused 
to support customer 
acceptance of new products / 
applications 

Policy 
Environment 

Business / 
Community 
Support / Social 
License for 
Biorefining 
Venture 

- Involves determination of extent 
to which there is community 
support for the proposed 
biorefining venture 

- Will be important to venture 
creation if Indigenous Lands / First 
Nations will be, or will be 
perceived to be potentially 
impacted by venture development 

- Development of ‘social license’ 
scoring scale 

- Lack of established definition 
for ‘social license” problematic 
to development of 
measurement mechanism and 
data collection process 

Source:  Own compilation and internal communications with research collaborators at CANMET Energy, Varennes, 
2019 
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4.3 Tools for assessing forest sector change scenarios 

Advanced biorefining platforms have been proposed as a partial response to the downturn in Canada’s 

forest sector.  To date, however, biorefining of forest biomass has not been implemented at an 

industrial scale anywhere in the country.  Thus, to evaluate the techno and socio-economic factors 

which can contribute to successful transition to biorefining, it is necessary first to model the 

implementation of biorefining technologies, in order to anticipate the impact that they might have on 

local economies.  

A number of tools have been developed over the years to look at transitions within Canada’s forest 

sector.  As early as 2008, the Forest Biopathways model was developed to evaluate potential economic 

returns of different wood processing technologies and products that have been or could be used in a 

forest biorefining application (FPAC 2010). The Biopathways model was intended to support analysis of a 

particular production and/or technology through different scenarios which can be compared to each 

other or to a normalized (baseline) production configuration that can be based on average industry 

input costs and output prices at defined locations and for a predetermined scale of operation. As its 

further development and application was conceived, the Biopathways tool would facilitate examination 

and analysis of a broad range of forest-based bioproducts options across a wide array of techno-

economic, social and environmental indicators (FP Innovations 2011).  It thus seemed well suited to the 

comparison of product outputs that are being produced or investigated at the sites and scenarios 

examined within this project; however, the Biopathways project was abandoned by its proponents and 

the model was not developed beyond the FPAC version referred to above (FPAC 2010). 

Several other potential analytical tools were also examined and considered. Machani et al. (2014) 

developed a multi-level decisional approach through which pulp and paper companies can design new 

business models for integration of biorefining with existing operations. The focus of this model was 

explicitly to provide a decision-support framework for executives within the pulp and paper industry 

when facing challenges and issues related to transformation of existing business models. 

Other models examined were developed with a specific focus on optimisation of one component or 

element of a biorefining operation, such as the forest biomass supply chain (Cambero & Sowlati 2016; 

Cambero et al. 2015) or use an existing tool, such as the European biofuel model BioTrans to investigate 

such market focused characteristics as differences in usage adoption patterns resulting from different 

production cost assumptions (de Wit et al. 2010). Other examples (Brown et al. 2012; Browne 2011; 

Cherubini & Stromman 2011; Cherubini 2010) focus on techno-economic analysis of specific bioproducts 
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or of biorefining production technologies, but do not provide any useful basis for comparative analysis 

across a portfolio of potential products being produced or considered at different locations. 

The I-BIOREF application has been developed within the Industrial Systems Optimisation group at 

CANMET Energy as a decision support system for assessing biorefinery transformation strategies (Benali 

et al. 2018; Benali 2015).  The tool enables scenario-based simultaneous analysis of technical, economic, 

socio-economic, and environmental impacts of various potential biorefinery configurations coupled with 

such conventional forest products manufacturing as thermo-mechanical pulp (TMP) and newsprint, 

Kraft pulp and sawmilling – lumber production.  

The capability within the I-BIOREF application to examine and compare techno-economic, socio-

economic, environmental and sustainability characteristics7 for different biorefining situations 

underlines its applicability to this project. Originally conceived and developed as an investment decision 

support tool to help industry evaluate different project opportunities and configurations, the application 

also includes the capability to allow for modification of various input factors, including possible public 

sector investment support. This capacity indicates it can potentially be used to evaluate the specific 

impacts and benefits to be gained from such incentives; and that will be a central purpose of the 

biorefinery case scenarios included within this research. 

With the support and active collaboration of the Industrial Systems Optimisation group at CANMET 

Energy in this research project, the I-BIOREF application was adopted as the platform that would be 

used as the basis for case site and biorefinery scenario analysis. An initial focus of the collaboration with 

CANMET Energy thus was to consider socio-economic measures that might be incorporated into the tool 

and applied to the case site analyses.  The LCA and S-LCA approaches to developing socio-economic 

measures explored in the previous section serve as a basis for this work. 

4.4 Definition and application of socio-economic measures of forest sector change 

Achieving the objective of forest sector transition will require development of data-based measures that 

can be incorporated into project evaluation models and provide direction regarding the types of policy 

and program supports that may be needed. In discussions with the project team at CANMET Energy 

responsible for developing the I-BIOREF tool, it was clear that socio-economic measures that might be 

 
7  Readers are asked to note that data and measures related to examining socio-economic, environmental and 

sustainability had not yet been incorporated into the application version available for our use during this 
research. As explained, an objective of the collaboration with Canmet ENERGY was to develop soci-economic 
measures that could be incorporated into future versions of the application. 
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incorporated into the tool should meet a number of critical considerations.  First, the data on which the 

indicator will be based should be reasonably available to project proponents, evaluators and policy 

makers and program officials. That is, development of an indicator for use in evaluating a specific 

proposed biorefining venture should not require the proponent or the evaluators to undertake a 

significant, and almost certainly costly, research project. 

A second key consideration is that the compilation of the underlying data and calculation of the 

indicator value should be largely automated - ideally collected by a central agency or government 

department.  Related to this, the data should be geographically specific - it needs to describe the 

communities in which the new venture will be located, so that the socio-economic impacts of the new 

venture or closure can be identified with reasonable accuracy.   

A third key consideration is that the data within the indicator should also be widely understood, 

recognised, and accepted by proponents, evaluators, and policy/program officials as indicators of socio-

economic impacts. This actually rules out a number of custom indicators that are not in wide use.  

Indicators that are likely to be accepted will be focused on such community factors as demographics, 

labour and employment, incomes, and wages; and will need to support ‘before and after’ measurement 

so that changes related to either a new venture or a facility closure can be identified.  

Drawing from the S-LCA sub-categories and related potential specific measures defined in Table 4-2, and 

applying criteria of available, automated, and accessible, a number of measures were identified with 

potential for application within the I-BIOREF model as shown in Table 4-3. 
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Table 4-3 Potential measures as available, automated, and/or accepted 
Stakeholder/ 
Policy 

Potential measure Available Automated Accepted 

Local 
Community 
 

- Employment by industry category  - YES - YES - YES 
- ‘Inclusion scale’  - NO - NO - NO 
- Ratio of biomass supply to venture needs - YES - NO - NO 

Value Chain 
Actors 

- Yes / No check - access to raw materials - YES - NO - NO 
- Ratio of biomass supply to venture needs - YES - NO - NO 
- GRI G3 Sustainability Reporting Guidelines/  

ISO 26000: Guidance on Social Responsibility - YES - NO - NO 

Society - Employment income (salaries/wages)  - YES - YES - YES 
- Tax filings - YES - YES - YES 
- Technology readiness level - YES - NO - NO 

Policy 
Environment 

- Yes / No check - access to raw materials - NO - NO - NO 
- Policies for feedstock access - YES - YES - NO 
- Ranking scale - biorefinery vs. general industry  - NO - NO - NO 
- Comparative measure - biorefining vs. industry - NO - NO - NO 
- Yes / No check - focus on consumer acceptance - NO - NO - NO 
- ‘Social license’ scoring scale - NO - NO - NO 

 

It can be seen from the table that few measures are readily available, automated, and accepted by a 

wide range of stakeholders.  A number of indicators do meet these criteria, however, including 

employment, employment income, and tax filer data generated over time.  Note that both employment 

and employment income (wages) can be broken down by industry segment, defined by NAICS or NOC 

codes, but can also be reported at the community level.  Similarly, tax filer data can be done by industry 

segment and by region.  This provides a strong basis for comparison within and across potential 

biorefinery scenarios.    

4.4.1 Defining specific indicators 

With respect to projecting future forest sector change within specific case scenarios, socio-economic 

measures being used need to be formulated in a manner that will facilitate calculation within the model, 

drawing on socio-economic data that can be readily accessed. The specific measures defined are: 

- Relative Sector / Segment Employment Impact (REI) 
Definition: The ratio of forest sector and individual forest segment employment change relative 
to total employment change in each community over time. The ratio is calculated from census 
demographic data for each selected community. 
Formula: REI = Forest sector-segment employment

Total employment in community
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- Relative Sector / Segment Income Impact (RII) 
Definition: The ratio of forest sector and individual forest segment employment income change 
relative to total employment income change in each community over time. The ratio is 
calculated from census demographic data for each selected community. 
Formula: RII = Forest sector-segment employment income

Total employment income in community
 

- Relative Forest Sector Occupations (FSO) 
Definition: The ratio of forest sector occupations in the community labour force to total 
community labour force over time. The ratio is calculated from census demographic data for 
each selected community. 
Formula: FSO = Forest sector occupations in community labour force

Total community labour force
 

4.4.2 Sourcing data for calculation of potential measures 

As described in more detail previously in Chapter 2 and Chapter 3, identification of specific data sources 

that included socio-economic data related to employment and earnings and linked to industry 

classifications and occupational codes presented challenges unexpected at the outset of this research. 

Following investigation, several Statistics Canada survey products were identified as potentially meeting 

the data needs of the project. These included the Survey of Employment, Payroll and Hours, and the 

monthly Labour Force Survey. In addition, the National Census was identified as a potentially useful data 

source. 

As discussed previously, data available from the monthly Survey of Employment, Payrolls and Hours 

(Statistics Canada 2021) was examined and determined to be too geographically limited to be 

practicable, and the survey captures no data related to occupational classifications, thus making any 

assessment of employment shifts resulting from industry transition impossible to determine. 

The national monthly Labour Force Survey (LFS) captures employment, income, occupational, 

educational attainment, and other demographic characteristics by industry sector data at the three, and 

in some instances the four-digit level of the NAICS codes; as well as across the full spectrum of National 

Occupational Classifications codes. Geographic disaggregation of data is possible to the Census 

Metropolitan Area (CM) level and, in some instances to the Census Aggregation Area (CA) level; but the 

survey design includes six representative sub-samples or panels within each Province, and each month a 

panel is replaced, following six-months participation in the survey (Statistics Canada 2020). The result is 

efficient design for estimating month over month changes in the labour force, at the CM level which is 

the focus of the survey. However, when one is attempting to obtain data at the CA level, or for even less 

densely populated areas, (where most forest products manufacturing facilities are located), the sample 

rotation can lead to unreliability and gaps in the survey data for that area sufficient to render any data 
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obtained unusable. Indeed, special LFS data tabulations undertaken by Statistics Canada for several of 

the case study sites within this project resulted in considerable data suppression, yielding no meaningful 

data for any of the sites. 

The other major source of data from within Statistics Canada is the Census Program which provides a 

detailed statistical picture of the country every five years. The Census captures data on various socio-

economic factors pertinent to this research including age, gender, education, income, and labour; and, 

as a census or count of the country’s population, disaggregation of data by geography, or by socio-

economic variables is feasible. Data related to income and labour and other factors related to 

employment are also compiled by industry sector (NAICS) and occupational (NOC) codes (Statistics 

Canada 2017).  

The major shortcoming related to use of census data for calculation of the socio-economics measures 

that are the focus of this project results from its infrequent timing and resulting compilation and 

publication requirements. As also previously described in Chapter 3, depending on timing of specific 

project development and processing of applications for public sector support, it is entirely possible that 

a lag of eight years or longer could exist from the time of initiation of a public policy support initiative 

and the availability of data enabling measurement of the impacts of the support initiative. 

Such a time lag will present significant challenges for researchers attempting to link changes within the 

forest products sector to specific policy / program initiatives. Additional implications of these data 

limitations on research and analysis at the individual case site level will be examined in a subsequent 

chapter in this thesis.  

4.5 Conclusions 

The importance of incorporating socio-economic measures into the assessment of biorefinery 

deployment in Canada is highlighted by recent work related to social life cycle assessment (S-LCA).  

Using S-LCA methodologies, a number of stakeholder groups were identified, including the local 

community, value chain actors, the consumer, workers, and society.  The S-LCA framework provides 

insight into the types of socio-economic assessment carried out in relation to these groups; these were 

modified to reflect the Canadian context, and a series of potential measures were proposed to evaluate 

the impacts of biorefinery development in relation to each stakeholder group. 

Modeling software designed to evaluate the implementation of biorefining technology was essential, as 

no commercial forest-based biorefineries are yet in operation across Canada.  The I-BIOREF application 
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developed within the Industrial Systems Optimisation group at CANMET Energy is intended to enable 

scenario-based simultaneous analysis of technical, economic, and environmental impacts of various 

potential biorefinery configurations coupled with such conventional forest products manufacturing as 

thermo-mechanical pulp (TMP) and newsprint, Kraft pulp and sawmilling or lumber production. The 

intended capability within the I-BIOREF application to examine and compare techno-economic, socio-

economic, environmental and sustainability characteristics for different biorefining situations confirmed 

its utility for this project.  

Each of the measures proposed using the modified S-LCA framework were assessed and their ability to 

meet three key criteria was determined.  It is important that data used to inform socio-economic 

measures be available (i.e. not proprietary data), automated (i.e. collected on a regular basis), and 

accepted (i.e. used by agencies to report on socio-economic progress).  Not all the measures met all 

three of these criteria, but 3 measures - employment, employment income, and tax filings - were seen 

to be particularly useful.  The data required to describe these measures is generally available through 

Statistics Canada, and thus these measures are prime candidates for addition to the I-BIOREF tool. 

The three socio-economic measures defined and developed within this chapter meet the practicable 

usage and application criteria identified as essential to their use for evaluation of biorefinery case study 

deployments, facilitating their use with and ultimate incorporation into the I-BIOREF application. The 

primary limitations on the application of these measures are related to geographical specificity of 

available data, as well as the timeliness of identified potential data sources.  Challenges remain when it 

comes to evaluating the socio-economic impacts of new biorefinery technologies, and the impacts of 

those changes on the communities in which they operate. 
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Chapter 5 Assessing biorefinery deployment 

5.1 Abstract 

A relative analysis of the impacts of different biorefinery technology deployments in three case study 

communities (Prince George BC, Thunder Bay ON, and Corner Brook NL) is undertaken and evaluated 

through socio-economic measures including job creation, wages, and tax filings.  The I-BIOREF tool 

developed by CANMET Energy is used to create models of three different biorefinery systems 

(LignoForce, hot water extraction, and flash pyrolysis) that can be added to conventional pulp and paper 

producing facilities.  Deployment of these technologies is assessed at different mill scales and different 

levels of government subsidy in order to identify financially feasible options for implementation.  Each of 

the three socio-economic measures is tracked within the communities at the Census Agglomeration (CA) 

scale in order to create a baseline, and the I-BIOREF tool is used to estimate the changes to these 

measures that would be delivered by each technology.  The socio-economic indicators suggest that 

deployment of flash pyrolysis technology in Corner Brook has the largest regional impact, providing 

substantive gains in employment, both mill-related (6.9% gain) and forest-related (20.6% gain).  When 

used comparatively, the LignoForce deployment in Prince George provided the best return on 

investment and/or subsidy provided, delivering 1.47 new jobs per $M investment and $0.11 M/a in 

increased wages.  The implementation of hot water extraction at Thunder Bay delivered poor results, 

with a net gain of only 4 jobs across both forest and mill.  The results suggest that socio-economic 

indicators are a valuable addition to the I-BIOREF software and provide a useful basis for determining 

the potential impact of possible public policy and program initiatives that could be applied to support 

development of forest biorefining ventures. 
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5.2 Case communities for biorefinery scenario analysis 

5.2.1 Introduction 

Canada’s forest sector has undergone substantive disruption since the early 2000’s, with sharp declines 

in forest harvest between 2004-2009 driven by changes to critical paper and lumber markets (Chapter 

2).  Governments across Canada have responded with a series of policy initiatives designed (at least in 

part) to help the forest sector recover, including a growing number of initiatives designed to support 

forest biorefineries (Chapter 3).  Biorefineries, or facilities capable of producing a mix of biomaterial, 

biochemical, and bioenergy products, are seen as a means of maintaining or increasing employment 

levels, improving income, and adding to overall tax revenues.  A number of different socio-economic 

measures are proposed as a means of assessing the success of biorefineries in meeting these goals, as 

discussed in Chapter 4. 

The primary research objectives of this chapter are: (1) to apply I-BIOREF to explore the potential 

deployment of innovative biorefineries in three forest-based communities in Canada; (2) to assess the 

changes in socio-economic measures of employment and taxable income related to forest sector 

biorefinery deployment in each community; and (3) to evaluate whether these socio-economic 

measures could function as a tool for guiding future forest biorefinery development. The three 

biorefinery deployments are examined within the context of relative analysis between the case sites to 

determine the impacts of the introduction of the biorefineries in comparison to a continuation of the 

current forest products manufacturing activity in each community.  

Working within the constraints of data availability (see Chapters 3, 4), three communities are examined, 

and the measures applied and calculated to develop an understanding of the impacts of forest sector 

disruption in each community. For each community, a ‘host site’ plant is defined within the I-BIOREF 

application, based on typical forest products manufacturing that has prevailed within that community. 

The host sites are not a perfect model of the existing plants in the communities, although they have 

been designed using similar technologies and the model can test facilities of similar scales to existing 

facilities.  Once the host site is configured to be viable a hypothetical biorefinery technology is added, 

again using configurations available within the I-BIOREF application, and the combined operations can 

be tested and assessed at a range of operating conditions and facility scales. 

The operating and economic inputs, outputs, and performance produced within the specific projects are 

defined by the specifications and data within the application, and the specific employment levels – 

numbers of jobs and incomes – are derived in a similar fashion.  Again, these inputs and outputs may not 
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conform precisely with existing facilities and should be considered model outputs only; calculation of 

forward-looking socio-economic measures for each scenario are approximations. While somewhat 

imprecise, the calculation of the measures does provide at least an initial indication of their potential 

utility as inputs to policy and program development, as well as to evaluation of such initiatives. 

5.2.2 Selection of case communities 

Biorefineries which can maintain or add well-paying jobs, and deliver products with greater value, may 

have particular benefit for communities where the majority of employment and income is provided by 

forest industries.  A decade ago, it was found that in over 900 (24%) of rural Census Sub-Divisions (CSD) 

in Canada at least 10% of the labour force identified as being in forest-related occupations, and that 386 

(10%) of the CSDs had at least 20% of the labour force in forest-related occupations (Stedman et al. 

2011; Stedman et al. 2005). More recently, Natural Resources Canada has identified 300 communities as 

‘highly forest sector dependent’, including rural and Indigenous communities where forest-related work 

is the main source of income (NRCan 2020).  The Forest Products Association of Canada (FPAC) identifies 

approximately 160 communities which are solely reliant on forestry employment, with no other primary 

sources of income (FPAC 2020).  

Industry segment-specific employment income data can sometimes be interpreted using North 

American Industrial Classification System (NAICS) codes, but data broken out using these codes are not 

generally available at the CSD level in Canadian Census reporting. Another approach is to use National 

Occupation Code (NOC) data, which is reported at the CSD level. Using the NOC code for ‘forest-related 

occupations’ provides some insight into the relative portion of forest-based activity within the local 

labour force being considered.  

Chapter 3 addressed some of the challenges of collecting data to assess policy performance, particularly 

at levels of detail which might be useful to monitor forest-based communities.  Chapter 4 also addressed 

some of the issues in determining the ways in which different measures of sustainability might be 

applied to track progress in bioeconomy development.  The availability of accurate and reliable data on 

which to base these measures is essential. 

The most localised geographic area for which industry segment specific employment and income data is 

available in Canada is the Census Agglomeration (CA) level. Given that forest products industries are 

generally located close to the resource, very few communities with a significant forest sector 

concentration are large enough to be classified as CAs by Statistics Canada. Those that are so classified 

also tend to be larger, regional centres within the respective provincial jurisdictions, generally hosting 
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government offices, post-secondary education institutions, hospitals, and regional distribution 

operations. The economic base of such communities is more diverse than many of the more forest-

dependent communities studied by Stedman et al. (2011) and described by FPAC and the Canadian 

Forest Service. 

The selection of possible case sites that would be useful to the research was considered and discussed at 

some length with project collaborators and colleagues at CANMET Energy. Sites evaluated included: 

Corner Brook NL; Edmundston NB; Dolbeau-Mistassini QC; Val d’Or QC; Thunder Bay ON; Kenora ON; 

Prince George BC, and; Port Alberni BC.  

Sites were eliminated from detailed modelling for several reasons, including: 

- Edmundston, NB: Anticipated difficulties in developing / compiling data for a biorefinery 
scenario that could accurately reflect the reality of integration between the forest industry 
operations in Edmundston and Madawska, ME, immediately across the Saint John River. 

- Dolbeau-Misstassini, QC: Forest products industries in several nearby communities, (eg. St. 
Félicien, Roberval) can be considered important elements of the Lac Saint-Jean regional forest 
industry but are not included within the boundary of the Dolbeau-Misstassini CA, with the result 
that community data would be somewhat incomplete. 

- Val d’Or, QC: Similarly, forest products industries in several nearby communities, (eg. 
Senneterre, Malarctic) can be considered important elements of the Val d’Or regional forest 
industry but are not included within the boundary of the Val d’Or CA, with the result that 
community data would be somewhat incomplete. 

- Kenora, ON: Forest products industries in several nearby communities, (eg. Rainy River, Fort 
Francis) can be considered important elements of the far Northwest Ontario regional forest 
sector but are not included within the boundary of the Kenora CA, with the result that 
community data would be somewhat incomplete. Also complicating the situation at the time of 
selection was that the major wood products manufacturer in the community was in bankruptcy 
proceedings, adding an element of uncertainty to the selection of a potential biorefinery 
scenario. 

- Port Alberni, BC: Forest products manufacturing in central Vancouver Island has been facing 
significant challenges related to fibre supply and other issues. At the time of selection, the pulp 
and paper mill in the community was shutdown, as were several sawmills within the region; and 
the potential for a biorefinery scenario to be viable was uncertain. 

 

Three community sites were selected for detailed biorefinery scenario development as all three 

exhibited characteristics suggesting forest biorefining could not only be viable in the community but that 

such projects could potentially add to the long-term sustainability of forest products manufacturing in 

that area. The sites selected were: Corner Brook, NL; Thunder Bay, ON; and, Prince George, BC. 
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5.2.3 Application of the I-BIOREF model 

The I-BIOREF application was developed within the Industrial Systems Optimisation group at CANMET 

Energy as a decision support system for assessing biorefinery transformation strategies (Benali et al. 

2018; Benali 2015).  The tool enables scenario-based simultaneous analysis of technical, economic, and 

environmental impacts of various potential biorefinery configurations coupled with such conventional 

forest products manufacturing as thermo-mechanical pulp (TMP) and newsprint, Kraft pulp and 

sawmilling – lumber production. The capability within the I-BIOREF application to examine and compare 

techno-economic, socio-economic characteristics for different biorefining situations is well suited to this 

project. Originally conceived and developed as an investment decision support tool to help industry 

evaluate different project opportunities and configurations, the application also includes the capability 

to allow for modification of various input factors, including possible public sector investment support. 

This capacity indicates it can potentially be used to evaluate the specific impacts and benefits to be 

gained from such incentives; and that will be a central purpose of the biorefinery case scenarios 

included within this research. 

With the support and active collaboration of the Industrial Systems Optimisation group at CANMET 

Energy in this research project, the I-BIOREF application (Version 2.0) was used as the platform for case 

site and biorefinery scenario analysis. Within the I-BIOREF application, a host site forest products 

manufacturing facility was selected to reflect the general characteristics of the sector within the 

selected community. The selection was not intended to replicate a specific company or mill operating 

within the area, though as will be explained further in discussing the applicable sites, modifications to 

elements of the host configuration were included where necessary to reflect specific local industry 

characteristics which appear to have significant impact on the overall viability of the facility. 

To each host site a biorefinery technology option was attached within the I-BIOREF application, with the 

technology option being selected in collaboration with CANMET Energy, based on known compatibility 

with the host site manufacturing configuration.  Basic input and output factors were adjusted within I-

BIOREF to ensure the host site was economically viable before the potential biorefinery was added. 

Similarly, following addition of the biorefining technology, various input and output factor scenarios, 

including flows between the host site and biorefinery, were tested until a viable overall site 

configuration was achieved. These are explained in more detail in the case site analyses. 

Within the I-BIOREF application, various financial inputs (eg. financing cost rate, cost of capital, and the 

Net Present Value discount rate), were adjusted to reflect more accurately currently prevailing 
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economic conditions and to simulate availability of public sector borrowing supports, and scenarios for 

several levels of total capital investment subsidies were applied in each situation. These adjustments are 

described in more detail within each case site and the total costs of assumed subsidies is described. 

To estimate the potential employment and employment income impact of the biorefinery scenario 

within each community average 2016 employment income for the pulp and paper industry [NAICS 322] 

within that community was applied to the incremental labour cost for the biorefinery venture as 

calculated by the I-BIOREF application. A simple division of the increased labour cost of the expanded 

venture by the average earned income in pulp and paper yields an estimate of the number of new jobs 

created from the investment in the biorefinery. For the version of the I-BIOREF application available to 

the author for use in this research, information and descriptions of the specific types of jobs or 

qualifications of employees that will be created within the biorefinery were not included in the data; nor 

were the specific wages / salaries and numbers of jobs that will be created by each biorefinery scenario. 

The result was that neither more detailed job creation estimates nor estimates of incomes for specific 

roles or level of education attainment could be readily developed from the application. 

To estimate the wider employment and employment income impact that would be generated by the 

potential biorefinery venture, input and output multipliers for pulp, paper and paperboard 

manufacturing [NAICS 322] for the relevant province were applied to the employment gains calculated 

from the I-BIOREF application output (Statistics Canada 2021a).  

Similarly, the wider economic impacts of the total investment in the venture and of the estimated 

subsidy support for the venture are calculated through application of ‘Total Multiplier’ to the 

incremental output values generated by the development of each biorefinery scenario within the I-

BIOREF application. To reflect the provincial, regional, and national impacts that will be desired from 

public sector support for these biorefinery projects, the ‘Total Multiplier’ is used within the referenced 

Statistics Canada table as it measures the sum of the direct, indirect, and induced multipliers (Statistics 

Canada 2021a).  

To estimate incremental tax revenues generated for government from its potential support for each of 

the biorefinery ventures, average taxes paid by individuals at the average income levels indicated from 

the employment and employment income impact calculations described above have been extracted 

from Statistics Canada tax filer data for each of the case site communities and applied to the 

incremental employment income indicated in each community by the I-BIOREF application scenario for 

the relevant venture (Statistics Canada 2021b). In addition, sales taxes generated from the increased 
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household spending that will result from the increased income in each community have been estimated 

from Statistics Canada consumption and sales tax data and added to the calculated incremental income 

tax revenues. Readers are asked to note that the sales tax data is available only at the national, 

provincial, and territorial levels and will therefore be a less geographically specific estimate than is 

available for the income tax data (Statistics Canada 2021c). 

Note on financial data, currency units and conversions 

All financial data presented within the I-BIOREF application is calculated in United States currency, and 

related capital and operating costs, flow rates and other production data within the model are 

calculated with the Chemical Engineering Plant Cost Index using 2016 as the reference year (Benali et al. 

2018). Where conversions from $C to $US are required – eg. for entering local fibre or other input costs 

into the model – or from $US to $C to present scenario outputs within the chapter tables, the exchange 

rate of $C 1.33/$US 1 has been used. This rate has been calculated as the average of the Bank of 

Canada’s average monthly exchange rate for period of June 1, 2020 to October 31, 2020 (Bank of 

Canada 2021).  

Unless otherwise noted, the use of $ throughout this chapter refers to Canadian currency; $M refers to 

millions of Canadian dollars. 
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5.3 Case study 1 - Prince George, BC 

5.3.1 Community changes, 2001-2015 

The first site selected for analysis is Prince George, British Columbia (BC). 

 
Figure 5-1 Census agglomeration maps, Prince George BC, 2001-2016 
Source:  Statistics Canada 2020 
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Table 5-1 Sector impacts on employment and income (REI, RII, FSO), Prince George BC, 2001-2016 
 Relative Employment Impact (REI) Relative Income Impact (RII) 
Sector [NAICS code] 2001 2006 2011 2016 2001 2006 2011 2016 
Forestry & logging [113] 3.0% 3.2% 1.8% 2.6% 3.5% 4.3% - 3.6% 
Wood products [321] 6.2% 5.6% 3.1% 2.7% 8.9% 7.9% - 3.9% 
Pulp & paper [322] 3.0% 2.8% 2.7% 2.4% 5.7% 5.3% - 4.3% 
Total forest sector 12.1% 11.5% 7.7% 7.7% 18.0% 17.5% - 11.8% 
Forest workers (FSO) 
(% of total workforce) 8.8% 7.6% 4.3% 4.5% 

    

Total Forest Sector 
Workers 5,685 5,480 3,255 3,740     

Source: Statistics Canada 2017; Statistics Canada 2012; Statistics Canada 2007; Statistics Canada 2002   

The relative employment and related income declines illustrated in the two tables above represent a 

loss of more than 2,400 jobs from 2001 through 2011 and elimination of more than $140 million 

($140M) in annual forest sector employment income from the Prince George economy over the same 

period. Data from the 2016 Census suggests a recovery of approximately 480 jobs, almost totally in 

forestry and logging, which would result in an employment income recovery of perhaps as much as $30-

$35M annually. However, as shown in Table 5-1, the relative importance of forest sector employment 

income in Prince George has declined by 35.2% over this fifteen-year period. 

The decline in sector employment and income described above is also reflected in a decline in the 

relative significance of forest sector related occupations in the Prince George labour force. The decrease 

by more than half of the portion of the labour force in forest sector occupations from 2001 through 

2011 represents a decline of more than 2,300 individuals. Data from the 2016 Census indicates a small 

recovery, with slightly fewer than 300 additional individuals reporting forest sector occupations than in 

2011. Nonetheless, this represents only slightly more than half, (52.7%) the number of individuals in 

forest sector-related occupations in 2016 compared to 2001, a period during which the Prince George 

labour force grew overall by 3.9% (n = 1,820). 

A review of tax filing data for British Columbia and Prince George over the same period appears to 

reflect similar trends. While the tax filing data reflects changes taking place in the wider provincial and 

Prince George economies and cannot be linked to specific industries or occupations, the declines in 

average incomes and average income taxes paid through the 2007-2010 period appear to be consistent 

with the declines in the forest products sector during that period as identified both in Chapter 2 and in 

the data presented above. 
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Table 5-2 Income and income tax payments, British Columbia/Prince George, 2008-2018 
 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

British Columbia 
# of tax filings 
(000) 

              
3,282.4  

              
3,313.1  

              
3,310.5  

              
3,367.3  

              
3,394.0  

              
3,471.4  

              
3,528.4  

              
3,593.6  

              
3,652.3  

              
3,717.7  

              
3,802.6  

Average 
income $39,741  $39,017  $39,796  $41,016  $42,089  $43,309  $44,225  $45,971  $46,396  $49,034  $50,016  
% change  
Y to Y 1.82% -1.82% 2.00% 3.06% 2.62% 2.90% 2.12% 3.95% 0.92% 5.69% 2.00% 
# income  
tax paid (000) 

              
2,178.0  

              
2,113.7  

              
2,103.1  

              
2,142.8  

              
2,169.0  

              
2,228.8  

              
2,309.0  

              
2,382.6  

              
2,428.1  

              
2,498.2  

              
2,571.7  

Average 
income tax $9,190  $8,723  $9,102  $9,489  $9,559  $10,030  $10,202  $10,837  $10,732  $11,706  $12,025  
% change  
Y to Y -3.32% -5.08% 4.35% 4.25% 0.74% 4.93% 1.71% 6.23% -0.98% 9.08% 2.73% 
Income tax  
% of income 23.1% 22.4% 22.9% 23.1% 22.7% 23.2% 23.1% 23.6% 23.1% 23.9% 24.0% 
Prince George 
# of tax 
filings (000) 

                    
62.4  

                    
61.7  

                    
61.3  

                    
62.2  

                    
62.4  

                    
62.9  

                    
63.6  

                    
64.4  

                    
64.8  

                    
65.7  

                    
67.0  

Average 
income $41,282  $40,402  $41,493  $43,851  $45,809  $46,884  $47,811  $49,205  $48,378  $50,767  $51,901  
% change  
Y to Y 0.00% -2.13% 2.70% 5.68% 4.47% 2.35% 1.98% 2.92% -1.68% 4.94% 2.23% 
# income  
tax paid (000) 

                    
44.4  

                    
42.6  

                    
42.3  

                    
43.3  

                    
44.3  

                    
44.7  

                    
45.8  

                    
46.6  

                    
46.6  

                    
47.5  

                    
48.5  

Average 
income tax $8,876  $8,272  $8,651  $9,455  $9,741  $10,067  $10,208  $10,632  $10,156  $10,819  $11,160  
% change  
Y to Y 0.00% -6.81% 4.58% 9.30% 3.03% 3.34% 1.41% 4.15% -4.47% 6.53% 3.15% 
Income tax % 
of income 21.5% 20.5% 20.8% 21.6% 21.3% 21.5% 21.4% 21.6% 21.0% 21.3% 21.5% 
Source:  Statistics Canada 2021b 

The tax data presented in Table 5-2 also illustrate the relatively higher incomes that can be earned in 

resource-focused communities, but also potentially demonstrate challenges that can be experienced as 

these communities attempt to recover from downturns. As Figure 5-2 illustrates, the rate of change in 

the number of individuals paying income tax declined more steeply in Prince George in 2008-2009 than 

in the province as a whole, and subsequently the rate of change in the number of individual taxpayers 

has not recovered to the extent that rate of change has increased across the province. 
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Figure 5-2 Taxpayers and total income, British Columbia/Prince George, 2009-2018 
Source:  Statistics Canada 2021b 

A similar pattern is evident in an examination of the rate of change in total incomes within the province 

as a whole and within the Prince George community, as illustrated in Figure 5-2. Tax-filer data for the 

Prince George CA is not available for years prior to 2008; however, from 2008 to 2009 total reported 

income in the community declined by $84.4M and in 2010 remained $35.4M below 2008 levels. It is 

important to reiterate here that the tax-filer data is insufficiently detailed to support linking changes in 

tax payments directly to changes in the forest products sector and that the Census data discussed 

previously in this section is not directly comparable to the tax filer data presented here. However, it 

seems reasonable to conclude that employment declines and related income losses in the forest 

products sector were a significant contributor to the overall income decline in the community. One can 

also surmise from the two data sources, that the continuing reduced levels of forest sector activity in 

Prince George is a contributing factor to the lower rate of change in income in the community compared 

to the province as a whole, as shown in Figure 5-2. 

5.3.2 Biorefinery option: Kraft mill plus LignoForce system 

The potential biorefining technology scenario defined for Prince George attaches a LignoForce system 

(™) (Kouisni et al. 2012).  This trademarked system, developed by FPInnovations, can be bolted on to a 

Kraft pulp mill, characteristic of the pulp and paper mills currently operating in Prince George. 

The I-BIOREF site configuration is not based on a specific mill and the default configuration embedded 

within the model is intended to be illustrative of a typical Kraft mill producing approximately 300,000 
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tonnes per yr. (tpy) of pulp, with the LignoForce biorefinery recovering slightly more than 35 kilotonnes 

per year (ktpy) of lignin. 

The LignoForce system improves the recovery of lignin from the black liquor produced during Kraft 

chemical pulping through the introduction of an oxidation process in advance of the acidification step in 

conventional lignin recovery processes used in Kraft pulping. The addition of the oxidation improves 

filterability of the lignin, increases its purity, and enhances its value as a combustion fuel within the mill, 

or in other high value processes. The overall benefit of the introduction of the LignoForce system within 

a Kraft pulp mill can be increased pulp production without the need for very high-cost additional 

recovery boiler capacity (Kouisni et al. 2012). 

 

Figure 5-3 Kraft + LignoForce schematic 
Source: I-BIOREF 

To determine a biorefinery scenario that could be viable with this or other technology configurations 

there are several variables that can be modified within the I-BIOREF application. These include 

production volumes and other process characteristics, as well as factors that may need modification to 

reflect current economic and market conditions or to simulate public policy supports that could be 

available to a proposed project. Such factors could include reductions in financing costs and tax rates 

that could be delivered through the financial support made available to the project as well as a 

contribution to the incremental capital investment required to install the LignoForce biorefinery. 

For the various Kraft mill and LignoForce biorefinery production configurations that were examined, 

several changes to economic factors were introduced within the model to reflect economic conditions 

current at the time of writing. These included: 
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- Reduction of the financing cost rate from 11.0% to 2.0%; 

- Reduction in the cost of capital rate from 8.0% to 1.0%; and,  

- Reduction of the Net Present Value (NPV) discount rate from 11.0% to 8.0%. 

These changes were held constant for each of the production volume scenarios considered in the efforts 

to define a viable biorefinery configuration. 

As noted above, the I-BIOREF application enables the inclusion of a government subsidy in the form of a 

contribution to the Total Capital Investment (TCI), expressed as a percentage of the TCI. For each of the 

production scenarios examined, the impact of a subsidy contribution was calculated at four potential 

levels: 0%, 25%, 50% and 75%. (The latter is the maximum contribution level permitted within the I-

BIOREF application). 

When LignoForce is added to the default Kraft mill configuration within the I-BIOREF application, the 

biorefinery addition is shown to be unprofitable and, based on several financial / economic performance 

indicators, not feasible. These findings are summarised in Table 5-3. For the smallest mill size (292 ktpy), 

the introduction of the LignoForce biorefinery reduced annual net income of the combined site by 

$8.8M, and reduced overall EBITDA by $16.6M, with the result that key economic performance 

indicators - NPV, ROI and DROI - all displayed negative values and the IRR showed the biorefinery project 

as ‘Not feasible’.  The largest mill size tested (668 ktpy) does generate a positive internal rate of return 

(8.3%), which suggests that scale is important in deploying this type of technology.   

The fundamental economic challenge faced by the modelled project based on the default Kraft mill 

configuration is that the capital investment required to add the LignoForce biorefinery to the Kraft mill - 

a total of $51.5M - generates no incremental revenues for the mill (at smaller scales) while increasing 

overall operating costs. Thus, no economic gain is created, and the project is not considered viable.  At 

large scales, the capital costs required are substantive, but a modest NPV and IRR can be achieved; it 

should be noted, however, that an IRR of 8.3% would be considered low by many new technology 

investors.  
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Table 5-3 Revenue and profitability - Kraft + LignoForce (no assumed subsidy) 
Category Measure Small Kraft 

(292 ktpy) 
Medium Kraft 

(448 ktpy) 
Large Kraft 
(668 ktpy) 

Baseline Kraft mill    
Revenue and 

profit 
Annual revenue ($M/year) $489.3 $713.7 $915.0 
Revenue/feedstock ($M/tonne) $0.2 $0.2 $0.2 
Total operating costs ($M/year) $216.6 $322.4 $418.2 
Labour costs ($M/year) $9.3 $13.9 $18.0 
Annual net income ($M/year) $163.6 $234.8 $496.8 
Revenue from pulp ($M/year) $454.9 $692.5 $905.5 
Revenue from electricity ($M/year) $34.4 $21.2 $9.4 
Revenue from steam ($M/year) $0.0 $0.0 $0.1 

Robustness EBITDA ($M/year) $272.7 $391.3 $496.8 
EBITDA Margin (%) 55.7% 54.8% 50.8% 
Operating Margin (%) 55.7% 54.8% 50.3% 
CAB ($/tonne biomass) $83 $361 $350 

Kraft mill + LignoForce    
Revenue and 

profit 
Annual revenue ($M/year) $489.3 $713.7 $1,035.5 
Revenue/feedstock ($M/tonne) $0.2 $0.2 $0.2 
Total operating costs ($M/year) $233.2 $346.9 $509.0 
Labour costs ($M/year) $11.0 $16.4 $24.0 
Annual net income ($M/year) $154.8 $221.7 $318.1 
Revenue from pulp ($M/year) $454.9 $692.5 $1,031.2 
Revenue from electricity ($M/year) $34.4 $21.2 $4.3 
Revenue from steam ($M/year) $0.0 $0.0 $0.0 

Robustness EBITDA ($M/year) $256.2 $366.8 $526.4 
EBITDA Margin (%) 52.4% 51.4% 50.8% 
Operating Margin (%) 51.8% 50.8% 50.3% 
CAB ($/tonne biomass) $360.0 $338.6 $326.3 

Profitability Net Present Value (NPV, $M) -$171.1 $-182.7 $14.9 
Internal Rate of Return (IRR, %) n/f n/f 8.3% 
Return on Investment (ROI, %) -377.0% -392.8% 154.9% 

Capital 
efficiency 

CAPEX ($M) $51.5 $72.6 $100.8 
Payback period (a) n/a n/a 5.0 

$M -$ million; ktpy – thousand tonnes per year; EBITDA -Earnings before interest, taxes, depreciation and amortization; CAB – Competitive 
Access to biomass; CAPEX – Capital Expenditure 

Source: I-BIOREF  

The apparent requirement for significant capital investment in each of the three production 

configurations seems contrary to the benefit that introduction of the LignoForce process within a Kraft 

pulp mill can increase pulp production without the need for very high-cost additional recovery boiler 

capacity as explained by Kouisni et al. (2012).  It is unclear from the version of the I-BIOREF software 

provided for use during this research what assumptions have been incorporated into the calculations of 

needed capital investment. 
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Table 5-4 Subsidy scenarios - Kraft + LignoForce 
Subsidy (% of Total Capital Investment) 0% 25% 50% 75% 
Production volume (odt/a) 292,552 (Small Kraft mill) 
Total capital investment (TCI) ($M) $51.5 

   

Total subsidy ($M) - $12.9 $25.7 $38.6 
Economic performance 

  

Net Present Value (NPV, $M) -$110.8 -$158.4 -$145.6 -$132.9 
Internal Rate of Return (IRR, %) n/f* n/f n/f n/f 
Return on investment (ROI, %) -377.0% -469.3% -654.0% -1208.0% 

Payback period (a) - - - - 
Production volume (odt/a) 448,378 (Medium Kraft mill) 
Total capital investment (TCI) ($M) $72.6 

   

Total subsidy ($M) - $18.1 $36.3 $54.4 
Economic performance 

  

Net Present Value (NPV, $M) -$241.1 -$223.6 -$206.2 -$188.7 
Internal Rate of Return (IRR, %) n/f n/f n/f n/f 
Return on investment (ROI, %) -561.5% -715.4% -1023.1% -1946.1% 

Payback period (a) - - - - 
Production volume (odt/a) 667,738 (Large Kraft mill) 
Total capital investment (TCI) ($M) $100.8 

   

Total subsidy ($M) - $25.2 $50.4 $75.6 
Economic performance 

  

Net Present Value (NPV, $M) $3.1 $27.4 $51.7 $76.0 
Internal Rate of Return (IRR, %) 8.3% 10.9% 14.7% 20.8% 
Return on investment (ROI, %) 154.9% 239.8% 409.7% 919.4% 

Payback period (a) 5.0 3.8 2.5 1.3 
Source: I-BIOREF    (* - Not Feasible) 

One way to offset the poor performance documented in Table 5-3 is to introduce government support in 

the form of a subsidy.  As explained previously, for each of the three production scenarios examined, the 

impact of a potential subsidy contribution was calculated at four potential levels - 0%, 25%, 50% and 

75% of Total Capital Investment. As Table 5-4 illustrates, the addition of a capital investment subsidy 

does not substantively improve the viability of either the small or mid-sized mill scenarios. 

To determine the most likely subsidy level for the largest scale facility, two targets were set.  The first 

was a positive net present value (NPV), as this is one of the most basic measures of economic feasibility 

in project development.  The second was a positive internal rate of return (IRR) of at least 12%.  The 

minimum IRR required for different capital projects can vary, depending on both the industry sector as 

well as the prospects for future market development.   

In the case of the Kraft mill plus LignoForce configuration, this study suggests that a subsidy of 50% 

(representing an investment of $50.4M) would be required to achieve a positive NPV ($51.7M) as well as 

a positive IRR exceeding 12% (in this case, 14.7%).  With a total capital investment of $100.8M required 

to add the LignoForce System™ to the Kraft mill and an assumed capital subsidy of 50%, the payback 

period calculated by the model is slightly more than 2.5 years.  Measures including ROI values are robust 
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and indicate the addition of the biorefinery project to the site will improve overall profitability and 

financial performance of the operation for the full life of the venture.  

An assumed direct government subsidy of 50% of total capital investment would represent a financial 

investment of approximately $50.4M. If we further assume the remaining 50% of the capital investment 

was borrowed by the mill, and that the full reduction in the financing cost rate used within the model 

from 11.0% to 2.0% took the form of a further incentive / subsidy, the additional financing cost support 

could total another $4.3M at the start of the project, declining to zero as the loan is repaid. Assuming a 

60-month amortisation, the borrowing cost subsidy would total approximately $12.4M, resulting in a 

potential total public sector investment in the project of approximately $62.8M. 

Assessment of potential socio-economic impacts   

Data from the 2016 Census indicates that average employment income in the pulp and paper segment 

in Prince George was $89,717, suggesting the Kraft mill modelled as the host site for the LignoForce 

System™ biorefinery employed approximately 150 people. If similar wage levels are assumed for the 

biorefinery project, the $6.05M increase in labour costs would represent approximately an additional 

67± direct jobs at the mill site, generating a total of $23.9M of forest sector employment in the 

community. 

The I-BIOREF application also indicates that total feedstock costs would increase by $25.1M to $206.1M, 

an increase of 13.9%. The technical data presented in the model indicate an increase in feedstock flows 

of 590 tpd which implies a commensurate increase in local or regional forest harvesting activity, or 

increased chip purchases from area sawmills. Based on employment and harvest data (NFDB 2021; 

Statistics Canada 2021d), and assuming the incremental fibre consumption resulting from the increased 

mill output will be in the form of wood chips produced by a sawmill, it can be calculated that the 590 tpd 

feedstock consumption increment would represent an annual incremental harvest of approximately 

436,600 m3 generating approximately 81 jobs in logging and forestry. 

The tax filer data presented in Table 5-2 indicates that the average individual income tax payment in 

Prince George in 2015 was 21.6%, on an average income of $49,205. The census data related to income 

in the pulp and paper industries presented above indicates average salaries approximately 90% above 

the overall average income in the community. Tax rate data available through Statistics Canada indicates 

the effective combined federal and provincial income tax rates for such individuals in British Columbia 

would be 24.3% (Statistics Canada 2021b).  
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Using the average pulp and paper segment income rate presented above ($89,717) and the estimated 

increased employment indicated by the I-BIOREF application, (67± direct jobs), it can be estimated the 

biorefinery project would generate incremental federal and provincial income tax revenues of slightly 

more than $1.46M annually.  In addition, it can be calculated that the 81 logging and forestry jobs would 

generate incremental employment income of $5.6 million and approximately $1.2 million in incremental 

federal and provincial income tax revenues.8 

A further measure of the potential economic impact of a new biorefinery venture can be attained 

through application of an economic impact multiplier. As described by Moazzami (2019), the multiplier 

represents the amount by a change in an economic factor related to the venture, for example output, 

jobs, wages, and salaries – will be magnified or multiplied by a change in the relevant economic factor. 

Typically, in economic impact analysis, there are three types of expenditure and production activity 

commonly defined as: 

- Direct Impacts – immediate economic outcomes directly related to the venture; 

- Indirect Impacts – spin-off economic outcomes that relate to activities in other connected 
ventures, such as suppliers or customers; and, 

- Induced Impacts – changes in economic activity that result from personal spending by 
employees of the venture and their families. 

Each of these impact categories can also be expressed as a multiplier and is so calculated annually by 

Statistics Canada (Statistics Canada 2021a). The total economic impact (or total multiplier) is the sum of 

the direct, indirect and induced impacts (Moazzami 2019; Statistics Canada 2021a) and is used in this 

analysis.  

The Statistics Canada multipliers are calculated at the provincial and territorial levels for application 

within the specific jurisdiction or for all provinces. Given the very likely extra-territorial reach, 

particularly for sales, of the biorefinery ventures being examined within this analysis, the ‘all provinces’ 

multipliers have been applied. 

The Statistics Canada multipliers are also calculated for specific industry segments, (based on NAICS 

Codes at the 4-digit level). For the biorefinery ventures considered within this analysis this presents a 

challenge because there are no NAICS Codes specifically applicable to these ventures. Therefore, the 

total multipliers for pulp, paper, and paperboard manufacturing [NAICS 3221] and for other chemical 

 
8  As it is likely that a significant portion of the harvesting jobs would be generated outside Prince George, 

provincial averages for forestry and logging (NAICS 113) income and taxes paid have been used in these 
calculations. 



 129 

product manufacturing [NAICS 3259] have been used. Compilation of the economic, income and 

employment impacts of the biorefinery venture described in this case example is summarised in Table 

5-5. 

Table 5-5 Potential economic impacts - Kraft + LignoForce at Prince George BC 
  Pulp paper mfg  

[NAICS 3221] 
Other chemical mfg  

[NAICS 3259] 
Logging 

[NAICS 1133] 
 Direct 

impact 
Multiplier 

(2015) 
Indirect 
impact 

Multiplier 
(2015) 

Indirect 
impact 

Multiplier 
(2015) 

Indirect 
impact 

Overall mill financials        
Revenue increase $120.5 M 2.31 $278.4 1.91 $230.2   
EBITDA change $29.6 M 0.41 $12.1 0.41 $12.1   
Subsidy (50% TCI) $50.4 M 2.31 $116.5 1.91 $96.3   
Mill operations        

Salaries change ($/a) $6.0 M 0.39 $2.3 M 0.43 $2.6 M   
Site jobs created (#) 67       

Incremental tax ($/a) $1.5 M       
Forest harvest operations        

Feedstock change 436,600       
Salaries change ($/a) $4.7 M     0.46 $2.2 M 
Incremental jobs (#) 81       

Incremental tax ($/a) $1.2 M       
Sources:  I-BIOREF, Statistics Canada 2021d 

 

If the venture is categorised as a pulp and paper manufacturing industry the economic impacts of the 

incremental revenue and the government subsidy investment are somewhat higher than if the venture 

is classified as other chemical manufacturing. Conversely, however, if the venture is categorised as other 

chemical manufacturing, the income impact of the incremental wages and salaries and number of jobs 

created beyond the venture are slightly higher than for the pulp and paper manufacturing category. 

Using World Bank estimates that tax revenue in Canada is approximately 13% of GDP (Trading 

Economics 2021), the project will generate incremental tax revenues of between $12.5M and $15.1M, 

(depending on industry classification), from the total output impact of the investment subsidy.  This 

suggests an approximate pay-back period of between three and four years for that government support.  
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5.4 Case study 2 - Thunder Bay, ON 

5.4.1 Community changes, 2001-2015 

The second site selected for analysis is Thunder Bay, Ontario (ON). 

 
Figure 5-4 Census agglomeration maps, Thunder Bay ON, 2001-2016 
Source: Statistics Canada 2020a 

The relative employment and related income declines in Thunder Bay illustrated in Table 5-6 represent a 

loss of more than 3,200 jobs from 2001 through 2011 and elimination of more than $125 million in 

annual forest sector employment income from the Thunder Bay economy over the same period. Data 
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from the 2016 Census suggests a recovery of approximately 165 jobs, in forestry and logging and wood 

products manufacturing, which would result in an employment income recovery of perhaps as much as 

$30-35M annually. The relative importance of forest sector employment income in Thunder Bay has 

declined by 56.3% between 2001 and 2016, while the relative importance of forest sector employment 

in the community has declined by 69.4% over the same period. 

Table 5-6 Sector impacts on employment and income (REI, RII, FSO), Thunder Bay ON, 2001-2016 
 Relative Employment Impact (REI) Relative Income Impact (RII) 
Sector [NAICS code] 2001 2006 2011 2016 2001 2006 2011 2016 
Forestry & logging [113] 1.2% 1.4% 0.7% 0.8% 1.5% 2.1% - 1.0% 
Wood products [321] 2.0% 1.8% 0.5% 0.5% 2.7% 2.2% - 0.8% 
Pulp & paper [322] 4.0% 3.0% 1.2% 1.0% 6.9% 5.5% - 1.7% 
Total forest sector 7.2% 6.2% 2.3% 2.3% 11.1% 9.9% - 3.4% 
Forest workers (FSO) 
(% of total workforce) 3.8% 3.5% 1.2% 1.5%     

Total Forest Sector 
Workers 4,705 3,880 1,330 1,465     

Source: Statistics Canada 2017; Statistics Canada 2012; Statistics Canada 2007; Statistics Canada 2002   

The decline in sector employment and income described above is also reflected in a decline in the 

relative significance of forest sector related occupations in the Thunder Bay labour force. The decrease 

by more than half the portion of the labour force in forest sector occupations from 2001 through 2011 

represents a decline of more than 1,500 individuals. Data from the 2016 Census indicates a small 

recovery, with slightly more than 230 additional individuals reporting forest sector occupations than in 

2011. Nonetheless, this represents only slightly more than a third, (37.9%), of the number of individuals 

in forest sector-related occupations compared to 2001, a period during which the Thunder Bay labour 

force grew overall by 2.2% (n = 1,330). 

In reviewing tax filing data for Thunder Bay and Ontario over the 2000-2015 period, the forest sector 

income and employment trends identified in the census-based data presented above are not readily 

evident. The tax filing data reflects changes taking place in the wider provincial and Thunder Bay 

economies but cannot be linked directly to specific industries or occupations.  
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Table 5-7 Income and income tax payments, Ontario/Thunder Bay, 2008-2018 
 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Ontario 
# of tax filings 
(000) 

              
9,363.1  

              
9,487.8  

              
9,627.9  

              
9,741.9  

              
9,743.4  

              
9,867.3  

           
10,083.5  

           
10,157.3  

           
10,299.2  

           
10,453.1  

           
10,745.6  

Average 
income $42,377  $41,807  $42,387  $43,622  $44,796  $45,472  $46,334  $48,521  $48,474  $50,423  $51,878  
% change  
Y to Y 1.53% -1.35% 1.39% 2.91% 2.69% 1.51% 1.90% 4.72% -0.10% 4.02% 2.88% 
# income  
tax paid (000) 

              
6,397.4  

              
6,326.9  

              
6,350.5  

              
6,453.2  

              
6,524.8  

              
6,608.3  

              
6,763.9  

              
6,940.4  

              
7,063.1  

              
7,227.2  

              
7,557.4  

Average 
income tax $11,149  $10,580  $10,807  $11,178  $11,288  $11,539  $11,869  $12,526  $12,164  $12,893  $13,233  
% change  
Y to Y -0.40% -5.11% 2.15% 3.43% 0.99% 2.22% 2.86% 5.53% -2.89% 6.00% 2.64% 
Income tax  
% of income 26.3% 25.3% 25.5% 25.6% 25.2% 25.4% 25.6% 25.8% 25.1% 25.6% 25.5% 
Thunder Bay 
# of tax 
filings (000) 

                    
93.3  

                    
94.1  

                    
93.8  

                    
93.6  

                    
93.3  

                    
93.9  

                    
94.5  

                    
93.8  

                    
93.5  

                    
94.3  

                    
95.3  

Average 
income $39,124  $39,141  $40,317  $42,124  $43,189  $44,242  $44,699  $45,916  $45,997  $47,569  $48,677  
% change  
Y to Y 3.48% 0.04% 3.01% 4.48% 2.53% 2.44% 1.03% 2.72% 0.18% 3.42% 2.33% 
# income  
tax paid (000) 

                    
65.8  

                    
65.1  

                    
64.8  

                    
65.4  

                    
66.1  

                    
66.9  

                    
67.5  

                    
67.8  

                    
67.3  

                    
68.4  

                    
70.0  

Average 
income tax $8,711  $8,423  $8,540  $9,150  $9,132  $9,344  $9,438  $9,677  $9,530  $10,012  $10,032  
% change  
Y to Y 3.36% -3.31% 1.39% 7.13% -0.19% 2.32% 1.01% 2.53% -1.52% 5.05% 0.21% 
Income tax % 
of income 22.3% 21.5% 21.2% 21.7% 21.1% 21.1% 21.1% 21.1% 20.7% 21.0% 20.6% 
Source:  Statistics Canada 2021b 

As a result, the fluctuations and rates of change in average incomes and numbers of taxpayers in 

Thunder Bay shown in Table 5-7 cannot be directly attributed to changes in the forest products sector in 

Northwestern Ontario. 

However, when the numbers of taxpayers for Ontario and Thunder Bay, and the patterns of change 

from year-to-year are examined, it is evident that the Thunder Bay community has experienced more 

direct economic disruption than has been experienced across Ontario, notwithstanding the evident 

impact of the 2008-2009 financial crash on both. These relative changes are illustrated in Figure 5-5. 
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Figure 5-5 Taxpayers and total income, Ontario/Thunder Bay, 2001-2018 
Source:  Statistics Canada 2021b 

As Figure 5-5 illustrates, Thunder Bay began experiencing economic disruptions differently than did the 

rest of Ontario beginning in the early to mid-2000’s. As noted previously, data needed to link these 

changes directly to disruptions in the forest products sector are unavailable; however, several news 

media reports illustrate that the timing of forest products mill closures and related employment losses 

in Thunder Bay and elsewhere in Northern Ontario would have contributed to the declines in Thunder 

Bay and across Ontario (Keenan et al. 2014; Stewart 2007).  

The data presented in the preceding tables and discussion indicate a community which has absorbed a 

significant decline in the relative importance of forest products harvesting and manufacturing within its 

economy since the turn of the century. 

5.4.2 Biorefinery option: Thermomechanical pulping plus hot water extraction 

The potential biorefinery scenario attaches a hot water extraction technology to a TMP-newsprint mill 

that produces newsprint. As in the Prince George case scenario, the host mill site is typical of a mill 

currently operating in the community but is not specifically modelled on that mill. The I-BIOREF site 

configuration (Figure 5-6) is illustrative of a typical thermomechanical pulp (TMP) and newsprint mill 

producing slightly more than 150,000 tonnes/yr. of paper, with the default configuration of the hot 

water extraction biorefinery recovering slightly more than 15,000 tonnes/a of C5 and C6 sugars. 
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Figure 5-6 Thermomechanical pulping (TMP) + hot water extraction schematic 
Source: I-BIOREF 

Liquid hot water extraction is used to separate biomass feedstock into its three basic polymers – 

cellulose, hemicellulose, and lignin. The primary application technology is to extract from the hemi-

cellulose products such as sugars, acetic acid, and furfural and to extract the lignin for process energy 

production as a pre-pulping enhancement in thermo-mechanical pulping. This is the application used 

within the I-BIOREF application. However, the technology can also be used in a more ‘stand alone’ 

situation to extract sugars and chemicals for further processing with the lignin and cellulose being re-

combined into pellets for energy generation or into other products such as wood – plastic composites. 

The extraction of the sugars and chemicals can increase the energy value of the pellets as a result of the 

relatively higher concentration of lignin or improve water and mold resistance in the wood-plastic 

compounds (Benali 2018; Eisenbies et al. 2019; Hayes et al. 2006; Hosseinaei 2012; Tian et al. 2019; 

Wood et al. 2020).  

An important characteristic of the addition of the hot water extraction biorefinery to a TMP-Newsprint 

mill is that the extraction of the hemicelluloses from the pulp reduces the volume of pulp available for 

paper production by approximately 21.5%, effectively creating additional throughput capacity at limited 

or no additional capital cost. This reduction proportion holds constant as larger mill size configurations 

are developed and examined within the application. The key implication of this throughput change is 

that feedstock input can be increased by approximately that same volume with the result that paper 

output remains only slightly changed and total production is increased by the volumes of crude sugars 

produced, with minimal impact on capital investment requirements. This adjustment has been 

incorporated into the biorefinery scenario analyses examined for this case site. 
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For the various TMP-newsprint and hot water extraction biorefinery production configurations that 

were examined, several changes to economic factors were introduced within the model to reflect 

economic conditions current at the time of writing. These included: 

- Reduction of the financing cost rate from 11.0% to 2.0%; 

- Reduction in the cost of capital rate from 8.0% to 1.0%; and,  

- Reduction of the Net Present Value (NPV) discount rate from 11.0% to 8.0%. 

These changes were held constant for each of the production volume scenarios considered in the efforts 

to define a viable biorefinery configuration. 

The base case mill processes 700 tpd of feedstock input, yielding 218.5 ktpy of newsprint output. The 

mill is profitable, generating EBITDA of $13.7 million and net income of $8.2 million from revenues of 

$180.1 million. Based on average 2016 pulp and paper earnings in the community, it can be estimated 

the mill employs approximately 95 people (Statistics Canada 2017).  

When feedstock input is increased to offset the extraction of the hemicellulose, economic performance 

of the mill site improves somewhat. Newsprint production declines by 9.0 ktpy, which leads to revenue 

reduction of $7.4 million; the decline in total site revenues is reduced by $3.9M, compared to a decline 

of $35.0M in the default case with no feedstock increase. Total operating costs are reduced by only 

$7.2M and although EBITDA and annual net income both increase (by $3.3M and $4.0M, respectively), 

NPV continues to be negative.  While a small TMP + hot water extraction facility can generate a slightly 

positive IRR of 0.4%, the ROI values remains negative. Labour costs and impacts are unchanged. Again, 

the economic performance of the combined site appears insufficient to justify the total capital 

investment of $91.5M, of which $43.3M represents the hot water biorefinery. 

Two additional size configurations of the TMP Newsprint plus hot water extraction biorefinery 

configuration were evaluated within the I-BIOREF application. The first increased newsprint output to 

295 ktpy and the second increased newsprint output to 449 ktpy. For both scenarios, without direct 

capital investment subsidy, the performance of the combined TMP-Newsprint mill and hot water 

extraction biorefinery appears insufficient to justify the respective capital investments of $111.1M and 

$140.7M, respectively.  IRR values remain low (2.2% for a medium-sized facility, 5.1% for a large facility) 

and do not meet the basic threshold of 12% set as the lower limit for financial feasibility. The economic 

performance of the three scenarios is summarised in Table 5-8.  
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Table 5-8 Revenue and profitability - TMP + hot water extraction (no assumed subsidy) 
Category Measure Small TMP 

(209 ktpy) 
Medium TMP 

(295 ktpy) 
Large TMP 
(449 ktpy) 

Baseline TMP Mill     
Revenue and profit Annual revenue ($M/year) $180.1 $257.3 $386.0 

Revenue/feedstock ($M/tonne) $0.3 $0.3 $0.3 
Total operating costs ($M/year) $166.5 $256.4 $380.6 
Labour costs ($M/year) $7.2 $11.0 $16.4 
Annual net income ($M/year) $8.2 $0.5 $3.2 
Revenue from paper ($M/year) $180.1 $257.3 $386.0 

Robustness EBITDA ($M/year) $13.6 $0.9 $5.4 
EBITDA Margin (%) 7.6% 0.4% 1.4% 
Operating Margin (%) 7.6% 0.3% 1.4% 
CAB ($/tonne biomass) $58.4 $2.7 $13.3 

TMP + hot water extraction    
Revenue and profit Annual revenue ($M/year) $176.3 $248.9 $378.5 

Revenue/feedstock ($M/tonne) $0.2 $0.2 $0.2 
Total operating costs ($M/year) $159.3 $243.4 $364.6 
Labour costs ($M/year) $6.7 $10.2 $15.3 
Annual net income ($M/year) $12.2 $5.5 $11.5 
Revenue from paper ($M/year) $172.7 $243.8 $370.8 
Revenue from electricity ($M/year) $3.6 $5.0 $7.7 

Robustness EBITDA ($M/year) $16.9 $5.5 $19.3 
EBITDA Margin (%) 9.6% 2.2% 3.7% 
Operating Margin (%) 6.7% -0.3% 1.6% 
CAB ($/tonne biomass) $59.7 $13.7 $22.8 

Profitability Net Present Value (NPV, $M) -$57.3 -$68.1 -$75.1 
Internal Rate of Return (IRR, %) 0.4% 2.2% 5.1% 
Return on Investment (ROI, %) -24.8% -21.0% -4.1% 

Capital efficiency CAPEX ($M) $91.5 $111.1 $140.7 
Payback period (a) 22.8 22.5 17.1 

$M -$ million; ktpy – thousand tonnes per year; EBITDA -Earnings before interest, taxes, depreciation and amortization; CAB – Competitive 
Access to biomass; CAPEX – Capital Expenditure 

Source: I-BIOREF  

As noted in the previous case, the I-BIOREF application enables the inclusion of a government subsidy in 

the form of a contribution to the Total Capital Investment (TCI), expressed as a percentage of the TCI. 

For each of the production scenarios examined, the impact of a subsidy contribution was calculated at 

four potential levels - 0%, 25%, 50% and 75%.   Table 5-9 illustrates the impacts of these subsidy 

contributions on each of the three TMP + hot water extraction biorefinery configurations. 
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Table 5-9 Subsidy scenarios - TMP + hot water extraction 
Subsidy (% of Total Capital Investment) 0% 25% 50% 75% 
Production volume (odt/a) 209,000 (Small TMP mill) 
Total capital investment (TCI) ($M) $91.5    

Total subsidy ($M) -- $22.9 $45.7 $68.6 
Economic performance   

EBITDA ($M) $16.9 $16.9 $16.9 $16.9 
EBITDA Margin (%) 9.6% 9.6% 9.6% 9.6% 

Net Present Value (NPV, $M) -$57.3 -$35.3 -$13.2 $8.8 
Internal Rate of Return (IRR, %) -2.5% 0.3% 4.0% 12.5% 
Return on investment (ROI, %) -24.8% 0.3% 50.5% 201.0% 

Payback period (a) 22.8 17.1 11.4 5.7 
Production volume (odt/a) 295,000 (Medium TMP mill) 
Total capital investment (TCI) ($M) $111.1    

Total subsidy ($M) -- $27.8 $55.6 $83.3 
Economic performance   

EBITDA ($M) $5.5 $5.5 $5.5 $5.5 
EBITDA Margin (%) 2.2% 2.2% 2.2% 2.2% 

Net Present Value (NPV, $M) -$68.1 -$41.3 -$15.6 $12.2 
Internal Rate of Return (IRR, %) -2.1% 0.5% 4.5% 12.9% 
Return on investment (ROI, %) -21.0% 5.3% 58.0% 216.0% 

Payback period (a) 22.5 16.9 11.2 5.6 
Production volume (odt/a) 449,000 (Large TMP mill) 
Total capital investment (TCI) ($M) $140.7    

Total subsidy ($M) -- $35.2 $70.4 $123.0 
Economic performance   

EBITDA ($M) $13.9 $13.9 $13.9 $13.9 
EBITDA Margin (%) 3.7% 3.7% 3.7% 3.7% 

Net Present Value (NPV, $M) -$75.1 -$41.2 -$7.3 $26.6 
Internal Rate of Return (IRR, %) -0.4% 2.4% 6.7% 16.0% 
Return on investment (ROI, %) -4.1% 27.9% 91.9% 283.7% 

Payback period (a) 17.1 12.8 8.5 4.3 
Source: I-BIOREF  

As the analysis of capital investment subsidy scenarios in Table 5-9 indicates, for all three output 

configurations the financial return increases with larger subsidies.  For all three configurations, a 75% 

subsidy appears to be required to achieve an IRR of at least 12%.  Interesting, the smallest of the three 

output configurations will produce the most positive financial operating results with EBITDA and EBITDA 

margin for this configuration exceeding these returns for the two larger configurations. 

Therefore, for the purposes of assessing potential socio-economic impacts of the introduction of the 

biorefinery technology, it has been assumed the smallest output configuration is the investment project 

that would proceed.  
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Assessment of potential socio-economic impacts 

Data from the 2016 Census indicates that average employment income in the pulp and paper segment 

in Thunder Bay was $75,822, suggesting the TMP Newsprint mill modelled as the host site for the Hot 

Water Extraction biorefinery would have employed approximately 94 people at the smallest (default) 

production configuration.  As noted above, if similar wage levels are assumed for the biorefinery project, 

the reductions in labour costs achieved with introduction of the biorefining technology could result in a 

reduction of approximately 8 jobs at that configuration. For the default configuration this reduction in 

labour costs would have reduced direct employment income in the community by $0.5M. 

The I-BIOREF application also indicates that the addition of the hot water extraction biorefinery would 

increase feedstock requirements for 209 ktpy output configuration by approximately 50,000 m3/yr. This 

increase implies an increase in local or regional forest harvesting activity, or increased chip purchases 

from area sawmills. Based on employment and harvest data referenced previously (Statistics Canada 

2021d), and assuming the incremental fibre consumption for the biorefinery will be in the form of wood 

chips produced by a sawmill, it can be calculated that the 50,000 m3/a feedstock increment for the 

smallest configuration would result in approximately 12 incremental forestry jobs, exceeding the direct 

employment losses resulting from the introduction of the biorefinery technology. However, it must also 

be noted that these incremental forestry jobs would likely be located outside Thunder Bay and would 

also pay less than the direct mill positions. It is therefore reasonable to estimate that the introduction of 

the biorefinery technology would result in a net loss of forest sector employment income within the 

Thunder Bay community. 

The tax filer data presented in Table 5-7 indicates that the average individual income tax payment in 

Thunder Bay in 2015 was 21.1%, on an average income of $45,916. The census data related to income in 

the pulp and paper industries indicates average salaries approximately 65% above the overall average 

income in the community. Tax rate data available through Statistics Canada indicates the effective 

combined federal and provincial income tax rates for such individuals in Ontario would be 24.3% 

(Statistics Canada 2021e). 

Using the average pulp and paper segment income rate presented above $75,822, and the estimated 

reduced employment indicated by the I-BIOREF application (approximately 8 direct jobs at the default 

configuration), it can be estimated the biorefinery project would generate a reduction in direct federal 

and provincial income tax revenues of slightly more than $0.14M annually. In addition, it can be 

calculated that the incremental logging and forestry jobs created would generate incremental 
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employment income of $0.7M and approximately $0.2M in incremental federal and provincial income 

tax revenues.9  When the potential investment subsidy of approximately $68.6 million (75% of TCI) is 

considered, however, the positive economic impact of the project becomes more evident, as shown 

Table 5-10. 

Table 5-10 Potential economic impacts - TMP + hot water extraction at Thunder Bay ON 
  Pulp paper mfg  

[NAICS 3221] 
Other chemical mfg  

[NAICS 3259] 
Logging 

[NAICS 1133] 
 Direct 

impact 
Multiplier 

(2015) 
Indirect 
impact 

Multiplier 
(2015) 

Indirect 
impact 

Multiplier 
(2015) 

Indirect 
impact 

Overall mill financials        
Revenue increase -$3.8 M 2.40 -$9.1 M 1.72 -$6.5 M   
EBITDA change $3.3 M 0.39 $1.3 M 0.31 $1.0 M   
Subsidy (75% TCI) $68.6 M 2.40 $164.6 M 1.72 $118.0 M   
Mill operations        

Salaries change ($/a) -$0.5 M 0.45 -$0.2 M 0.29 -$0.2 M   
Site jobs created (#) -8       

Incremental tax ($/a) -$0.7 M       
Forest harvest operations        

Feedstock change 50,000       
Salaries change ($/a) $0.7 M     0.45 $0.3 M 
Incremental jobs (#) 12       

Incremental tax ($/a) $0.2 M       
Sources:  I-BIOREF, Statistics Canada 2021d 

As the table and previous profitability analyses illustrate, the addition of the hot water extraction 

biorefinery reduces the revenue of the overall venture slightly. However, earnings are improved and 

there is a positive economic impact generated by the government subsidy. If the venture is categorised 

as a pulp and paper manufacturing industry the economic impacts, positive or negative, of the 

incremental revenue, operating surplus, and the government subsidy investment are somewhat higher 

than if the venture is classified as other chemical manufacturing. Conversely, however, if the venture is 

categorised as other chemical manufacturing, the income impact of the incremental reductions in wages 

and salaries and number of jobs are slightly lower than for the pulp and paper manufacturing category. 

Again, using World Bank estimates that tax revenue in Canada is approximately 13% of GDP the project 

will generate incremental tax revenues of $15.3M - $21.5M (depending on industry classification) from 

the total output impact of the investment subsidy, suggesting an approximate pay-back period of 

between three and four and a half years for that government support (Trading Economics 2021).  

 
9  As it is likely that a significant portion of the harvesting jobs would be generated outside Thunder Bay, 

provincial averages for forestry and logging (NAICS 113) income and taxes paid have been used in these 
calculations. 
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5.5 Case study 3 - Corner Brook, NL 

5.5.1 Community changes, 2001-2015 

The third site selected for analysis is Corner Brook, Newfoundland and Labrador (NL). 

 

Figure 5-7 Census agglomeration maps, Corner Brook NL, 2001-2016 
Source:  Statistics Canada 2020 

Note that although the 2016 Census CA boundaries for Corner Brook were enlarged from previous 

censuses and the 2011 National Household Survey to include the community of Pasadena and its 

surrounds, data for 2016 presented in this section was compiled on special order by Statistics Canada to 

reflect the pre-2016 CA boundaries. 
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Table 5-11 Sector impacts on employment and income (REI, RII, FSO), Corner Brook NL, 2001-2016 
 Relative Employment Impact (REI) Relative Income Impact (RII) 
Sector [NAICS code] 2001 2006 2011 2016 2001 2006 2011 2016 
Forestry & logging [113] 0.7% 0.3%  0.1%     
Wood products [321] 0.4% 0.2%  0.0%     
Pulp & paper [322] 5.8% 5.3% 2.7% 1.9% 11.4% 11.7% 3.8% 3.1% 
Forest workers (FSO) 
(% of total workforce) 6.9% 5.8% 2.7% 2.0%     

Total forest sector workers 820 725 300 280     
Source: Statistics Canada 2017; Statistics Canada 2012; Statistics Canada 2007; Statistics Canada 2002 
Note:  The absence of income data for the forestry and logging and wood products manufacturing segments 
results from data suppression by Statistics Canada, as required by the Statistics Act 

The relative employment and related income declines in Corner Brook illustrated in Table 5-11 above 

represent a loss of 540 jobs from 2001 through 2016 and elimination of more than CAD 16 million in 

annual pulp and paper sector employment income from the Corner Brook economy over the same 

period. As shown in Table 5-11, at 3.1% of total annual employment income in the community in 2016, 

the relative importance of pulp and paper sector employment income in Corner Brook has declined by 

73.1% over this fifteen-year period, while the relative importance of forest sector employment in the 

community has also declined by 70.8% over the same period. 

The decline in sector employment and income described in the tables above is also reflected in a decline 

in the relative significance of forest sector related occupations in the Corner Brook labour force, also 

shown in 5-11. The decrease by more than half of the portion of the labour force in forest sector 

occupations from 2001 through 2016 represents a decline of more than 360 individuals during a period 

in which the Corner Brook labour force grew overall by 1.7% (n = 1,990). 

In reviewing tax filing data for Corner Brook and Newfoundland and Labrador over the 2008-2018 

period, the forest sector income and employment trends identified in the census-based data presented 

above are not readily evident. The tax filing data reflects changes taking place in the wider provincial 

and Corner Brook economies but cannot be linked directly to specific industries or occupations. 

Therefore, while the fluctuations and rates of change in average incomes and numbers of taxpayers in 

Corner Brook, as shown in the table and graphs below cannot be directly attributed to changes in the 

forest products sector, these changes do provide some indication of the economic challenges faced by 

communities that may be somewhat distant from and more resource dependent than primary economic 

centres. 

  



 142 

Table 5-12 Income and income tax payments, Newfoundland and Labrador/Corner Brook, 2008-2018 
 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Newfoundland and Labrador 
# of tax filings 
(000) 

                 
405.7  

                 
408.6  

                 
410.1  

                 
414.3  

                 
416.1  

                 
417.5  

                 
421.5  

                 
421.6  

                 
421.1  

                 
419.6  

                 
420.0  

Average  
income $33,326  $34,430  $35,826  $38,251  $40,476  $42,458  $44,030  $45,323  $44,764  $45,423  $46,232  
% change  
Y to Y 6.76% 3.31% 4.06% 6.77% 5.82% 4.90% 3.70% 2.93% -1.23% 1.47% 1.78% 
# income  
tax paid (000) 

                 
279.2  

                 
272.5  

                 
274.9  

                 
279.9  

                 
283.2  

                 
283.4  

                 
283.6  

                 
286.1  

                 
285.5  

                 
284.3  

                 
284.3  

Average income 
tax $7,689  $7,754  $8,300  $9,020  $9,769  $10,526  $11,187  $11,609  $11,523  $12,100  $12,294  
% change  
Y to Y 2.69% 0.85% 7.04% 8.68% 8.30% 7.75% 6.28% 3.77% -0.74% 5.01% 1.60% 
Income tax % of 
income 23.1% 22.5% 23.2% 23.6% 24.1% 24.8% 25.4% 25.6% 25.7% 26.6% 26.6% 
Corner Brook 
# of tax filings 
(000) 

                    
22.6  

                    
22.8  

                    
22.9  

                    
23.0  

                    
23.0  

                    
23.1  

                    
23.1  

                    
23.0  

                    
26.1  

                    
26.0  

                    
26.0  

Average  
income $32,926  $33,866  $35,033  $36,688  $37,990  $39,306  $40,323  $41,625  $43,022  $44,022  $44,196  
% change  
Y to Y 0.00% 2.86% 3.45% 4.72% 3.55% 3.46% 2.59% 3.23% 3.36% 2.32% 0.39% 
# income  
tax paid (000) 

                    
16.2  

                    
15.7  

                    
15.8  

                    
15.9  

                    
16.0  

                    
15.8  

                    
15.7  

                    
15.8  

                    
18.2  

                    
18.1  

                    
18.2  

Average income 
tax $7,116  $7,069  $7,469  $7,968  $8,389  $8,930  $9,273  $9,519  $10,424  $10,824  $10,780  
% change  
Y to Y 0.00% -0.66% 5.67% 6.68% 5.28% 6.44% 3.84% 2.65% 9.51% 3.84% -0.41% 
Income tax % of 
income 21.6% 20.9% 21.3% 21.7% 22.1% 22.7% 23.0% 22.9% 24.2% 24.6% 24.4% 
Source:  Statistics Canada 2021b 

As 12 indicates, it is evident that growth in average income in Corner Brook has lagged income growth 

across the province as a whole. When the annual rate of change in average income of tax filers is 

examined the lag in growth experienced in Corner Brook during the 2009-2011 period becomes even 

more pronounced; and even though the annual rates of change converged in 2015, the average income 

of tax filers in Corner Brook had declined to 91.8 per cent of the provincial average in 2015 from 98.8 

percent in 2008, as shown in Table 5-12. 
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Figure 5-8 Taxpayers and total income, Newfoundland and Labrador/Corner Brook, 2009-2018 
Source:  Statistics Canada 2021b 

A slightly different perspective on the changes experienced in Corner Brook relative to the entire 

province is shown in the comparison of year-over-year change in the number of individuals paying 

income tax, as presented in Figure 5-8 above. As the graph shows, Corner Brook gained fewer taxpayers 

from 2008 to 2009 than did the province overall, and then suffered greater declines than did the 

province in the number of individuals paying income tax more or less consistently from 2010 through 

2014. Again, this data cannot be linked directly to changes in the forest products sector, but the decline 

evident in 2008-2009 could be seen as correlating with closure of a paper machine at the Corner Brook 

Pulp and Paper Ltd. mill the previous year (CBC 2007). Similarly, Newfoundland and Labrador forest 

management and related harvest plans and reports available from the NL Department of Fisheries, 

Forestry and Agriculture show steady declines in forest harvests by Corner Brook Pulp and Paper and by 

the industry as a whole through the 2010-2015 period (NL 2021). 

Changes in the labour force and total income earners exhibit a somewhat different pattern than was 

evident in Prince George. While the total number in the labour force declined from 2001 to 2011 by 4.7 

percent, (580 workers), it then rebounded by 22.7 percent, (2,660 workers) in 2016. However, the 

number of total income earners in the community grew by 12.1 percent (1,495 individuals) over the 

fifteen-year period (Statistics Canada 2017; Statistics Canada 2012; Statistics Canada 2007; Statistics 

Canada 2002). 
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5.5.2 Biorefinery option: Thermomechanical pulping plus pyrolysis 

The potential biorefinery scenario attaches flash pyrolysis technology to a TMP-newsprint mill. The 

pyrolysis process rapidly gasifies processed biomass feedstock in an absence of oxygen to fractionate 

the material before condensing into crude bio-oil and char (Benali et al. 2018). The resulting bio-oil 

intermediate is well suited for upgrading to a motor fuel and woody biomass is considered a preferential 

feedstock due to its low ash content and the quality of bio-oil produced (Carpenter et al. 2014). The char 

is produced after final evaporation and is in the form of dry powdery material that can possess a calorific 

value comparable to bituminous coal which can have value and application as a fuel or soil additive 

(Hayes et al. 2006).  

The I-BIOREF site configuration is intended to be illustrative of a typical thermo-mechanical pulp (TMP) 

and newsprint mill producing approximately 218 ktpy of paper, with the default configuration of the 

pyrolysis biorefinery processing 1,000 tpd of feedstock recovering more than 1.3 million m3/ day of 

crude bio-oil. As in the Prince George and Thunder Bay case scenarios, the host mill site is typical of the 

mill currently operating in the community (see Kruger 2021) but is not specifically modelled on that mill. 

There are, however, several characteristics related to the newsprint manufacturing operation that exists 

in Corner Brook that necessitate several modifications to the I-BIOREF scenario configuration for this 

location. These can be summarised as follows: 

- The newsprint mill in Corner Brook owns Deer Lake Power Company, a hydro-electric generating 
operation with a large facility located in Deer Lake and a small operation at Watson’s Brook in 
Corner Brook, with combined capacity of slightly more than 130 MW. These facilities provide the 
newsprint with very low cost energy (Halifax Global Inc. 2008a; Halifax Global Inc. 2008b); and 
the energy costs within the I-BIOREF application have been adjusted accordingly. Energy 
produced by Deer Lake Power that is surplus to the needs of the newsprint mill is sold directly to 
the grid and revenue from those sales also enhance the financial position of the newsprint 
operation. However, these electricity revenues are not included in the I-BIOREF compilations. 

- At its peak, the newsprint mill operated four newsprint machines. Two of these machines have 
been permanently shut down (Halifax Global Inc. 2008b) and one of the two remaining has been 
shut temporarily on several occasions during recent years (Saltwire 2019; CBC 2013; CBC 2007).  
Output volumes within the I-BIOREF configuration have therefore been adjusted. 

- Industrial electricity rates within Newfoundland and Labrador are not reflected within the I-
BIOREF application and have been adjusted to reflect current rates in that Province (NL Hydro 
2021).  

- Wood / fibre costs in Newfoundland and Labrador are generally significantly higher than 
experienced elsewhere in Canada, primarily as a result of size of trees, slowness of growth and 
sparseness of forest stands. (Tract Consulting Inc. 2016) Fibre costs within the I-BIOREF 
application were therefore adjusted to reflect this reality. 
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- The default fuel for mill power boilers within the I-BIOREF application is natural gas. However, as 
natural gas is unavailable in Corner Brook the boiler fuel has been changed to Bunker C oil and 
the cost of that fuel has been adjusted to USD 361.50 / tonne, based on Global 20 Ports Average 
November 2020 data posted at Ship & Bunker (2021). 

- The default configuration of the pyrolysis biorefinery is considerably larger than could be 
considered practical in a Newfoundland setting, particularly given available wood supply, and 
therefore scenarios with reduced volumes were assessed. 

- As with the Prince George and Thunder Bay scenarios, several changes to economic factors were 
introduced within the model to reflect current economic conditions. These included: reduction 
of the financing cost rate from 11.0% to 2.0%; reduction in the cost of capital rate from 8.0% to 
1.0%; and reduction of the Net Present Value (NPV) discount rate from 11.0% to 8.0%. These 
changes were held constant for each of the production volume scenarios considered in the 
efforts to define a viable biorefinery configuration. 

- As noted in the previous cases, the I-BIOREF application enables the inclusion of a government 
subsidy in the form of a contribution to the Total Capital Investment (TCI), expressed as a 
percentage of the TCI. For each of the production scenarios examined, the impact of a subsidy 
contribution was calculated at four potential levels – 0%, 25%, 50% and 75%. (The latter is the 
maximum contribution level permitted within the I-BIOREF application.) 

 
Figure 5-9 Thermomechanical pulping (TMP) + pyrolysis schematic 
Source: I-BIOREF 

When the thermal fast pyrolysis biorefinery is added to the default TMP-Newsprint mill configuration 

within the I-BIOREF application, the biorefinery addition is shown to be profitable. However, while it 

may be possible to sustain newsprint output of approximately 218 ktpy, the default feedstock input of 

more than 330 ktpy required with the addition of the default pyrolysis is unrealistic, as is the total 

capital investment requirement of more than $1.15 billion. 

To reflect the prevailing conditions in the forest products sector in Newfoundland and Labrador, two 

changes were introduced within the model – (1) newsprint production was reduced to approximately 

156 ktpy through a reduction in feedstock input to 500 tonnes / day, from the default level of 700 tpd; 
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and (2) the feedstock requirement for the pyrolysis biorefinery was reduced to 100 tpd from the default 

level of 1,000 tpd. As shown in Table 5-13, the configuration is profitable and improves the financial 

performance of the entire facility. Overall economic performance indicators for this configuration are 

also positive as shown in the table below. 

Table 5-13 Revenue and profitability - TMP + pyrolysis (no assumed subsidy) 
Category Measure TMP Mill  

Baseline 
TMP + 100 tpd 

pyrolysis 
TMP + 250 tpd 

pyrolysis 
Revenue and profit Annual revenue ($M/year) $128.7 $223.9 $366.8 

Revenue/feedstock ($M/tonne) $0.3 $0.4 $0.5 
Total operating costs ($M/year) $119.5 $142.8 $160.5 
Labour Costs ($M/year) $5.1 $5.9 $6.4 
Annual net income ($M/year) $5.5 $55.6 $135.4 
Revenue from paper ($M/year) $128.7 $128.7 $128.7 
Revenue from crude bio-oil ($M/year)  $94.8 $236.9 
Revenue from primary biochar ($M/year)  $0.4 $1.0 
Revenue from electricity ($M/year)  $0.1 $0.2 

Robustness EBITDA ($M/year) $9.1 $81.1 $206.3 
EBITDA Margin (%) 7.1% 36.2% 56.3% 
Operating Margin (%) 7.1% 28.5% 48.4% 
CAB ($/tonne biomass) $55 $405 $825 

Profitability Net Present Value (NPV, $M)  $137.8 $597.2 
Internal Rate of Return (IRR, %)  14.1% 22.1% 
Return on Investment (ROI, %)  176.2% 315.0% 

Capital efficiency CAPEX ($M)  $310.6 $522.0 
Payback period (y)  6.2 4.0 

$M -$ million; tpd –tonnes per day; EBITDA -Earnings before interest, taxes, depreciation and amortization; CAB – Competitive Access to 
biomass; CAPEX – Capital Expenditure 

Source: I-BIOREF  

A second scenario was also considered in which the newsprint production level remained unchanged, 

but the feedstock input level for the pyrolysis biorefinery was increased to 250 tpd. As with the previous 

scenario and as shown in Table 5-13, the configuration is profitable and improves the financial 

performance of the entire facility.  Total capital investment for this scenario increases by 68.1% 

($211.4M) compared to the previous scenario, the payback period is reduced from 6.2 years to just 

more than four years, and overall economic performance indicators for this configuration remain 

positive, as shown in Table 5-13. 

The economic performance indicators shown above reflect the project without benefit of any capital 

investment subsidy. As with the preceding configurations, a series of capital investment subsidy 

scenarios was evaluated as shown in Table 5-14. The apparent requirement for significant capital 

investment in each of the two flash pyrolysis configurations seems questionable, as do the very high 

values presented for the economic performance indicators shown. Through direct consulting experience 

the author has assessed several commercially available flash pyrolysis systems with integrated electricity 



 147 

generation capability which require capital investment at levels substantially lower than incorporated 

into the I-BIOREF application, and which achieve more modest, though positive economic returns. It is 

unclear from the version of the software provided for use during this research what assumptions have 

been incorporated into the calculations of needed capital investment and economic performance 

returns for this biorefinery technology. 

Table 5-14 Subsidy scenarios - TMP + pyrolysis 
Subsidy (% of Total Capital Investment) 0% 25% 50% 75% 
Production volume (odt/a) 156,033 (Small TMP mill + 100 tpd pyrolysis) 
Total capital investment (TCI) ($M) $310.6    

Total subsidy ($M) $0.00 $77.6 $155.3 $232.9 
Economic performance   

Net Present Value (NPV, $M) $137.8 $212.6 $287.4 $362.1 
Internal Rate of Return (IRR, %) 14.1% 20.0% 31.1% 73.5% 
Return on investment (ROI, %) 176.2% 268.3% 452.5% 1005.0% 

Payback period (y) 6.2 4.7 3.1 1.6 
Production volume (odt/a) 156,033 (Small TMP mill + 250 tpd pyrolysis) 
Total capital investment (TCI) ($M) $522.0    

Total subsidy ($M) $0.00 $130.5 $261.0 $391.5 
Economic performance   

Net Present Value (NPV, $M) $597.22 $722.88 $848.54 $974.2 
Internal Rate of Return (IRR, %) 22.1% 29.6% 44.3% 103.7% 
Return on investment (ROI, %) 315.0% 453.3% 730.0% 1560.0% 

Payback period (y) 4.0 3.0 2.0 1.0 
Source: I-BIOREF  

Given the relatively small size of the TMP-newsprint mill, the capital investment required for even the 

100 tpd pyrolysis biorefinery configuration would be considered a significant hurdle. Therefore, even 

though the economic performance indicators suggest the project could proceed without subsidy, (and 

the IRR value is within the established target range of 12-15%), it has been assumed for this analysis that 

a capital investment subsidy of 25% ($77.6 million) would be contributed.  
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Assessment of potential socio-economic impacts 

Data from the 2016 Census indicates that average employment income in the pulp and paper segment 

in Corner Brook was $70,257; suggesting the TMP Newsprint mill modelled as the host site for the Flash 

Pyrolysis biorefinery would employ approximately 73 people, at the 156 ktpy production configuration. 

As suggested in the discussion of other sites, if similar wage levels are assumed for the biorefinery 

project, the increase in labour costs resulting from introduction of the pyrolysis biorefining technology 

could result in an increase of 11 jobs at the 100 tpd feedstock input configuration.  

The I-BIOREF application also indicates that total feedstock costs would increase by 20.0 percent, from 

$26.6M to $31.9M, with the addition of the 100 tpd feedstock configuration of the pyrolysis biorefinery. 

The technical data presented in the model indicate an increase in feedstock flows from 500 to 600 tpd, 

which implies a commensurate increase in local or regional forest harvesting activity, or increased chip 

purchases from area sawmills. Based on employment and harvest data referenced previously (FAO 2020; 

NFDB 2021; Statistics Canada 2021d) and assuming the incremental fibre consumption for the 

biorefinery will be in the form of wood chips produced by a sawmill, it can be calculated that the 100 tpd 

feedstock increment for the pyrolysis biorefinery would represent an annual incremental harvest of 

approximately 74,000 m3 generating approximately 33 jobs in logging and forestry. 

The tax filer data presented previously in Table 5-12 indicates that the average individual income tax 

payment in Corner Brook in 2015 was 22.9%, on an average income of $41,625. The census data related 

to income in the pulp and paper industries presented above indicates average salaries approximately 

55% above the overall average income in the community. Tax rate data indicates the effective combined 

federal and provincial income tax rates for such individuals in Newfoundland and Labrador would be 

27.9% (Statistics Canada 2021b).  

Using the average pulp and paper segment income rate presented above ($70,257) and the estimated 

increase in employment indicated by the I-BIOREF application, (11 direct jobs with the 100 tpd feedstock 

input configuration), it can be estimated the biorefinery project would generate an increase in direct 

federal and provincial income tax revenues of slightly more than $213,000 annually. Using the same 

basis of calculation, with an average annual income of $56,297 (Statistics Canada 2021f) the incremental 
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jobs generated in forestry and logging would generate $1.9 million in employment income and $0.5 

million in incremental federal and provincial income tax revenue.10 

Table 5-15 Potential economic impacts - TMP + pyrolysis at Corner Brook NL 
  Pulp paper mfg  

[NAICS 3221] 
Other chemical mfg  

[NAICS 3259] 
Logging 

[NAICS 1133] 
 Direct 

impact 
Multiplier 

(2015) 
Indirect 
impact 

Multiplier 
(2015) 

Indirect 
impact 

Multiplier 
(2015) 

Indirect 
impact 

Overall mill financials        
Revenue increase $95.2 M 2.30 $219.0 M 2.20 $209.4 M   
EBITDA change $71.9 M 0.34 $24.5 M 0.44 $31.6 M   
Subsidy (25% TCI) $77.6 M 2.30 $178.5 M 2.20 $170.7 M   
Mill operations        

Salaries change ($/a) $0.8 M 0.46 $0.4 M 0.39 $0.3 M   
Site jobs created (#) 11       

Incremental tax ($/a) $0.2 M       
Forest harvest operations        

Feedstock change 74,000       
Salaries change ($/a) $1.9 M     0.44 $0.8 M 
Incremental jobs (#) 33       

Incremental tax ($/a) $0.5 M       
Source: i-BIOREF, Statistics Canada 2021d 
Note:  Compilation of Economic, Income and Employment Impacts 156,000 tpy TMP-Newsprint and Pyrolysis 
Biorefinery (250 tpd Feedstock Input Configuration) 

When a potential investment subsidy of approximately $77.6M (25% of TCI), is considered, the positive 

economic impact of the project becomes more evident, as shown in Table 5-15 As the table and 

previous profitability analyses illustrate, the addition of the pyrolysis biorefinery increases the revenue 

and employment of the overall venture. Earnings are improved significantly and there is a positive 

economic impact generated by the government subsidy. If the venture is categorised as a pulp and 

paper manufacturing industry the economic impacts of the incremental revenue, government subsidy 

investment, wages and salaries, and jobs created are somewhat higher than if the venture is classified as 

other chemical manufacturing. Conversely, if the venture is categorised as other chemical 

manufacturing, the economic impact of the incremental operating surplus is somewhat higher than if 

the venture is classified as pulp and paper manufacturing. Using World Bank estimates that tax revenue 

in Canada is approximately 13% of GDP (Trading Economics 2021) the project will generate incremental 

tax revenues of $22.5M to $33.1M (depending on industry classification), from the total output impact 

 
10  As it is likely that a significant portion of the harvesting jobs would be generated outside Corner Brook, 

provincial averages for forestry and logging (NAICS 113) income and taxes paid have been used in these 
calculations. 
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of the investment subsidy; suggesting an approximate pay-back period of 2.4-3.5 years for that 

government support. 

5.6 Comparative community impacts 

5.6.1 Historic trends in socio-economic measures 

Application of the socio-economic measures developed in Chapter 4 illustrate the significant impacts of 

sector change on each of the three communities examined as case sites for biorefinery development.  

Table 5-16 Comparative community impacts of sector change 
 Relative Employment Impact (REI) Relative Income Impact (RII) 

Sector [NAICS code] 2001 2006 2011 2016 2001 2006 2011 2016 
Prince George, BC         
Forestry & logging [113] 3.0% 3.2% 1.8% 2.6% 3.5% 4.3% - 3.6% 
Wood products [321] 6.2% 5.6% 3.1% 2.7% 8.8% 7.9% - 3.9% 
Pulp & paper [322] 3.0% 2.8% 2.7% 2.4% 5.7% 5.3% - 4.3% 
Forest sector total 12.1% 11.5% 7.7% 7.7% 18.0% 17.5% - 11.8% 
Total forest sector workers 5,685 5,480 3,255 3,740     
Forest Occupations (FSO) % of labour force 8.8% 7.6% 4.3% 4.5%     
Total forest occupations 4,140 3,610 1,820 2,185     
Thunder Bay, ON         
Forestry & logging [113] 1.2% 1.4% 0.7% 0.8% 1.5% 2.1% - 1.0% 
Wood products [321] 2.2% 1.8% 0.5% 0.5% 2.7% 2.2% - 0.8% 
Pulp & paper [322] 4.3% 3.0% 1.2% 1.0% 6.9% 5.5% - 1.7% 
Forest sector total 7.7% 6.2% 2.3% 2.3% 11.1% 9.9% - 3.4% 
Total forest sector workers 4,705 3,880 1,330 1,465     
Forest Occupations (FSO) % of labour force 4.0% 3.5% 1.2% 1.5%     
Total forest occupations 2,455 2,185 696 930     
Corner Brook, NL         
Forestry & logging [113] 0.7% 0.3%  0.1% - - - - 
Wood products [321] 0.4% 0.2%  0.0% - - - - 
Pulp & paper [322] 5.8% 5.3% 2.7% 1.9% 11.4% 11.7% 3.8% 3.1% 
Forest sector total 6.9% 5.8% 2.7% 2.0% - - - - 
Total forest sector workers 820 725 300 280     
Forest Occupations (FSO) % of labour force 4.4% 3.3% 1.0% 1.2%     
Total forest occupations 520 410 110 160     

 

The comparative data presented above in Table 5-16 indicates that Thunder Bay and Corner Brook both 

experienced declines of forest sector employment and forest sector income above 70%, with 3,240 

direct job losses in Thunder Bay and 540 direct job losses in Corner Brook.11 Forest sector employment 

and forest sector income losses in Prince George during the period examined were less severe - declines 

in employment and income of 36.4% and 34.4% respectively - which can likely be attributed to the 

 
11  The Corner Brook data likely understates the actual impact on the forest sector in Western Newfoundland 

because most of the employment in forestry and logging and wood products manufacturing that would support 
the TMP Newsprint mill in that community are located further afield and are therefore not captured in the 
available census data. 
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concentration of chemical pulp production and absence of graphic paper manufacturing in the 

community. In 2006 there were four chemical pulp mills and one paper board mill operating in Prince 

George. By 2020, one of the chemical pulp mills had been converted to mechanical pulping, while the 

remaining three chemical mills and the paperboard mill remained in operation. In Thunder Bay, all three 

paper mills that were operating in 2006 had ceased operation by 2020; one remaining mill continued to 

produce chemical pulp but not paper. In Corner Brook, the sole newsprint mill continues in operation, 

though at reduced production levels (Statistics Canada 2021g). 

In each of the three case site communities the representation of forest sector occupations within the 

labour force declined noticeably.  In Prince George, the decline was lowest at 48.9% (1,955 individuals); 

higher rates were observed in Thunder Bay (62.5% or 2,525 individuals) and Corner Brook (70.3% or 360 

individuals) (Statistics Canada 2017; Statistics Canada 2012; Statistics Canada 2007; Statistics Canada 

2002).  

5.6.2 Impact of biorefinery deployment  

Biorefinery deployment was modelled in each community as a relative analysis to determine whether 

the development of these facilities might affect (and potentially reverse) negative socio-economic 

trends experienced during the sector decline.  In order to evaluate and compare the results of the three 

deployments portrayed within each site, some specific characteristics of each need to be considered.   

The LignoForce biorefinery scenario applied in Prince George is specifically designed to improve energy 

efficiency and throughput performance of chemical pulp mills through enhancements in lignin recovery 

from the mill’s black liquor output. As such the biorefinery does not produce a specific ‘product’ that 

could generate incremental revenue and can only be deployed at the site of an existing, operational 

chemical pulp mill. 

The configuration of the hot water extraction biorefinery applied in Thunder Bay uses the dissolution of 

the pulp to extract hemicellulose to be refined into crude sugars for sale into established markets for 

this product. The incorporation of this biorefinery technology effectively frees up additional throughput 

capacity for both pulp and paper, thereby enabling an effective capacity increase of approximately 20 

per cent with limited incremental capital investment needed. This technology could alternatively be 

linked to a sawmill to process chips, and as such could function as a substitute for a pulp / paper mill 

purchaser of that fibre that may have closed. In such a configuration output from the biorefinery could 

include crude sugars or other chemicals and lignin-concentrated (i.e. energy-intensive) pellets. 

Alternatively, the hot water extraction biorefinery could be established as a stand-alone venture 
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processing round wood with sugars, chemicals, and pellet outputs. In such a configuration, round wood 

handling and chipping capacity would need to be added to the operation, increasing capital costs 

somewhat. 

The flash pyrolysis biorefinery applied in Corner Brook can be considered effectively a stand-alone 

operation. In the Corner Brook configuration, it is connected to a TMP mill and thus takes advantage of 

existing effluent treatment, energy supply, and feedstock handling infrastructure. It is configured to 

produce crude bio-oil and biochar for sale into established markets. The bio-oil could be purchased by 

and used as fuel for the TMP-Newsprint mill, but this is not explicitly included within the scenario 

modelled. Alternatively, the pyrolysis unit could be integrated with bio-oil fuelled electricity generators, 

as is done with several commercially available flash pyrolysis facilities. If established as a stand-alone 

venture, capital costs related to effluent treatment and feedstock handling would need to be 

incorporated into the total capital investment for the project. 

The summary of comparative community impacts data presented in Table 5-17 indicates that the 

deployment of the biorefinery technologies has beneficial impacts in each of the community case sites. 

With capital investment subsidies included, there is a configuration for each biorefinery technology that 

would be economically viable, generating improved earnings for each site, and resulting in increased 

forest sector employment within each community and more widely within nearby regions.  As described 

previously within the case examinations, the basis for defining a viable scenario ‘most likely to proceed’ 

achievement of IRR target value threshold of 12% was established, using subsidy options at 0%, 25%, 

50% and 75%. 
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Table 5-17 Comparative community impacts of biorefinery development 
 Prince George Thunder Bay Corner Brook 
 Total Impact Total Impact Total Impact 

Overall mill financials       
Total Capital Investment (TCI) ($) $100.8 M  $91.5 M  $310.6 M  

Subsidy (% of TCI) 50%  75%  25%  
Subsidy ($) $50.4 M $116.6 M $68.6 M $164.6 M $77.6 M $178.5 M 

Revenue change ($/a) $120.5 M $278.4 M -$3.9 M -$9.1 M $95.2 M $219.0 M 
EBITDA change ($/a) $29.6 M $12.1 M $3.3 M $1.3 M $71.9 M $24.5 M 

       

Mill operations       
Wages/salaries change ($/a) $6.0 M $2.3 M -$0.5 M -$0.2 M $0.8 M $0.4 M 

Site jobs created (#) 67  -8  11  
Incremental Income Tax Revenue ($/a) $1.5 M  -$0.7 M  $0.2 M  

       

Forest harvest operations       
Feedstock change (m3/a)  436,600  50,000  74,000  

Wages/salaries change ($/a) $4.7 M $2.2 M $0.7 M $0.3 M $1.9 M $0.8 M 
Forestry jobs created (#) 81  12  33  

Incremental Income Tax Revenue ($/a) $1.2 M  $0.2 M  $0.5 M  
Overall contribution       

Jobs per $M investment 1.47  0.04  0.14  
Jobs per $M subsidy 2.94  0.06  0.57  

Wage change per $M investment ($/a) $0.11 M  $0.002 M  $0.009 M  
Wage change per $M subsidy ($/a) $0.21 M  $0.003 M  $0.035 M  

Tax revenue per $M investment ($/a) $0.03 M  -$0.006 M  $0.002 M  
Tax revenue per $M subsidy ($/a) $0.05 M  -$0.007 M  $0.009 M  

 

Impacts in Prince George 

Accepting as valid the assumptions relating to needed capital investment incorporated into the version 

of the I-BIOREF application provided for this research, the 660 ktpy Prince George LignoForce 

configuration appears to generate approximately 67 incremental jobs and approximately $6.0M in direct 

forest sector income within the community, as well as another 80 jobs and approximately $4.7M in 

income related to harvesting activity. If the LignoForce biorefinery were to be deployed similarly at each 

of the three Kraft pulp mills operating in Prince George in 2020, about 80% of the jobs lost in pulp and 

paper manufacturing during the period examined could be recovered. It would also appear that most of 

the forestry and logging jobs lost would be recovered, though as the precise geographic distribution of 

these jobs is unknown the impact on Prince George cannot be determined. As well, the viability of 

deploying a single LignoForce biorefinery as configured by the I-BIOREF application assumes availability 

of the incremental feedstock requirement of almost 500,000 m3; were all three mills to be converted, 

approximately 1.3M m3 would be required. This research project has not confirmed availability of that 

fibre supply. 
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The addition of LignoForce biorefining technology to a single mill in Prince George would lead to a 3.1% 

increase in direct mill employment, as well as a 3.7% increase in employment related to forest sector 

operations.  While it is unlikely that all forest sector jobs would be located within the CA of Prince 

George, taken together this represents a substantive increase in employment benefit.  Deployment of 

the biorefinery would also deliver on an annual basis $4.7 M in direct income, a further $2.2 M in 

indirect and induced income, and $1.2 M in tax revenue annually.  The introduction of this particular 

biorefining technology would provide substantive benefits to the community and measurable outcomes 

using these indictors.   

In relative terms, the LignoForce biorefinery delivers more jobs (1.47), more economic input through 

increased wages ($0.11 M/a), and more tax revenue ($0.05 M/a) per $M investment than either of the 

other two biorefinery options. Limited growth potential in markets for pulp (as discussed in Chapter 2), 

combined with potential constraints on increased supply of feedstock, suggest that opportunities for 

wider deployment of the LignoForce biorefinery configuration applied in Price George may be limited. It 

is unclear whether the scale of output increase, capital investment, and direct subsidy demonstrated as 

necessary for viability in the Prince George case scenario could be achieved in many of the 27 Kraft mills 

operating in Canada as of June 2020 (Statistics Canada 2021g). 

Impacts in Thunder Bay 

The Thunder Bay TMP-hot water extraction configuration shows a slight decline in total revenues from 

paper, and a decline of 8 jobs at the mill site.  Revenue losses are more than offset by the incremental 

revenues from crude sugars and the reduction in total operating costs resulting from the deployment of 

the biorefining technology. 

The increase in the overall scale of production at the site (from the original base case configuration) that 

is needed to achieve economic viability generates results in increased annual harvesting of 

approximately 50,000 m3, generating an increase in forest harvest employment of approximately 12 

jobs. As discussed earlier in this chapter, it is likely that these jobs would be located outside Thunder 

Bay. The reduction in direct mill employment and modest increase in forest harvesting employment and 

income would have essentially no impact on the declines in forest sector employment and income 

within the community.  

The overall impact of this type of biorefinery development would have relatively little impact on the 

local community.  Mill-related jobs would decline by about 0.9%, while forest sector employment would 
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grow by 1.3%.  The overall increase in direct revenue from income changes would be about $0.7 M per 

year, with induced or indirect impacts totalling another $0.3 M, and tax revenue increases of about $0.2 

M.  This suggests that the impacts of deployment of this technology would be difficult to measure using 

the indicators proposed. 

In relative terms, the hot water extraction biorefinery delivers very few jobs (0.04) and little economic 

input through increased wages ($0.11 M/a) per $M investment, particularly when compared to the 

other biorefinery technologies.  Developing this facility provides marginal increases in wages per $M of 

investment ($0.002 M/a).  Notably, investment in this type of technology would also decrease overall 

tax revenue (-$0.006 M/a) per $M investment, which is the only decline in a key socio-economic 

indicator observed across the three biorefinery options. 

The deployment of the hot water extraction biorefinery as an extension to a TMP-Newsprint mill 

presents a very limited array of potential sites for deployment, with only 17 such mills operating across 

Canada in 2020 (Statistics Canada 2021g).  The continuing decline in demand for newsprint (as discussed 

in Chapter 2) suggests there would be few, if any locations at which the output increase and related 

capital investment and subsidy demonstrated as necessary to achieve viability with the hot water 

extraction biorefinery in Thunder Bay case scenario could be achieved.  

Impacts in Corner Brook 

The flash pyrolysis biorefinery deployment as an extension to an existing TMP-newsprint mill in the 

Corner Brook case scenario can be viewed somewhat more positively. The addition of the biorefinery 

has no direct impact on the pulp-paper production operations of the TMP-newsprint mill. The 

biorefinery does utilise some infrastructure capacity of the existing mill which contributes to 

improvement of overall economic performance. The output of the biorefinery is also independent of 

and incremental to production of the TMP-newsprint mill and, as such, its feedstock input requirements 

represent incremental demand for wood fibre, either in the form of sawmill wood chips or roundwood. 

Assuming suitable wood supply is available, the Corner Brook case scenario suggests a flash pyrolysis 

biorefinery could be added to an existing TMP-newsprint mill to yield an overall improvement in 

economic viability.  

Leaving aside previously noted questions regarding the validity of the capital investment requirements 

incorporated within the I-BIOREF application for this configuration, and by extension the amounts of the 

calculated subsidy, the estimated increase in direct mill employment of 11 jobs associated with the 
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biorefinery would represent a very limited offset to the more than four hundred pulp and paper industry 

jobs lost in Corner Brook during the 2001-2016 period.  Alternatively, given the relatively low number of 

jobs remaining in this sector within this CA, this level of employment represents an increase in mill 

employment of 6.9%.  Similarly, the incremental forestry and harvest related employment generated by 

the biorefinery (33 jobs) would represent an offset of approximately 6.7% of the more than 700 jobs lost 

in that industry segment during the 2001-2016 period, but represents growth of about 20.6% compared 

to the current trend within the CA.  It should be stressed that additional incremental employment may 

not manifest within the Corner Brook CA; it would likely be generated in sawmills operating or restarting 

elsewhere in Newfoundland and Labrador, though specific numbers and locations cannot be estimated 

from available data. 

In relative terms, the flash pyrolysis biorefinery delivers a small benefit in terms of jobs (0.14), increased 

wages ($0.009 M/a), and increased tax revenue ($0.002 M/a) per $M investment.  This is an important 

finding; while the impact of a large investment for this type of biorefinery would deliver the greatest 

relative impact within the community, it is not as competitive in terms of an investment as what was 

observed around the LignoForce deployment in Prince George. However, if the capital costs 

incorporated into the I-BIOREF application for this technology are inaccurate, as suggested previously, 

and more realistic values were to be used, the relative increases in wages and tax revenues per $M 

investment and subsidy would improve significantly. 

5.6.3 Other considerations 

Both the hot water extraction and flash pyrolysis biorefinery technologies could be established as stand-

alone operations or deployed as an addition to one or multiple sawmill facilities. In the latter 

circumstance these biorefining technologies could serve as replacement markets for wood chips that 

would previously have been sold to pulp / paper mills that have been closed or that have experienced 

output reductions. Such configurations could present other challenges with respect to shipping final 

products to markets or to locations for further processing, as well as with respect to availability and 

costs of necessary infrastructure. As the I-BIOREF application is further developed, such biorefinery 

deployment options could be explored in detail. 

On the question of whether government policies and programs supporting such ventures would 

generate economic benefits sufficient to justify such public investments the comparative analysis 

suggests the impacts would be positive. On the direct subsidies, the three scenarios were structured 

with total investment support of slightly less than $200 million, generating economic impact of more 
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than $460 million.12  However, as the relative analysis makes clear, the impact of every $M invested in 

these projects is not equal.  The observed impacts in Prince George appear to be more impactful than 

those in Corner Brook.  The observed impacts in Thunder Bay suggest that, at least for the biorefinery 

technology under consideration, there are extremely low benefits, and thus even at a relatively low 

investment, this would be a challenging case to make. 

5.7 Conclusions 

Examination of the case communities show that declines in the forest sector have generated negative 

socio-economic impacts in each of the three communities examined. Three specific measures of the 

socio-economic impacts were developed and calculated for each of the three community case sites 

examined. The measures were: Relative Sector/Segment Employment Impact (REI); Relative 

Sector/Segment Income Impact (RII); and Relative Forest Sector Occupations (FSO). Using census data 

from 2001 through 2016 the measures showed that declines were most evident during the 2006-2011 

period, with some limited improvement in the 2016 Census data, primarily in the forestry and logging 

and wood products segments. From a historic perspective the measures clearly demonstrate the impact 

of the decline in the forest products sector on employment, income, and loss of forest sector 

occupations in the communities examined.  

5.7.1 Case Study 1 - Kraft mill + LignoForce 

The biorefinery case scenarios examined demonstrate both the potential for deployment of such 

technologies to generate positive and increased economic activity and the constraints likely to be 

encountered when biorefinery technologies are deployed with existing mills in segments facing declining 

markets (eg. pulp and paper). The LignoForce configuration, as modelled in Prince George BC, delivers 

substantive improvements in Annual Revenue (increasing by $120.5 M/a) and EBITDA (increasing by 

$29.6 M/a) when deployed with a large Kraft mill configuration (668 ktpy).  However, it requires a 

substantive subsidy to provide an IRR of 12% or greater; in this case, a 50% subsidy amounting to $51.5 

M.  Smaller mill configurations were not found to be profitable and did not generate an IRR.  The 

addition of the LignoForce technology required additional feedstock inputs of 436,600 m3/a.  The 

addition of this technology delivered 67 jobs in the mill and an additional 81 jobs in the forest sector to 

deliver additional feedstock.   

 
12  It is recognised that the capital subsidy amounts calculated within the I-BIOREF application, and ecinomic 

impact calculations, are a function of the total capital investments also calculated within the application and 
which, as noted previously may or may not be valid. 
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Compared to the other deployments modeled, this option delivered the most jobs per $M investment 

(1.47) and the most jobs per $M subsidy (2.94).  Similarly, this facility performed relatively well in terms 

of new wages per $M investment ($0.11 M/a) and in terms of tax revenue per investment ($0.03 M/a).   

However, while this technology looks promising, it can only be deployed within a Kraft pulp mill and 

while a configuration of the technology could be developed with the I-BIOREF application that appears 

to be viable, when the increased scale required to achieve that viability is considered, it is questionable 

whether a proponent would proceed with such an investment given the limited growth potential in the 

market pulp segment.   

5.7.2 Case Study 2 - Thermomechanical mill + hot water extraction 

The hot water extraction and TMP-newsprint configuration deployed in Thunder Bay integrates the 

biorefinery technology within the mechanical pulping process of the mill in order to extract hemi-

cellulose for processing into crude sugars. A central purpose of the process is to improve throughput 

efficiency and capacity of the TMP line. This is achieved, as demonstrated by the overall improvement in 

mill profitability, notwithstanding a slight reduction in newsprint output and revenue. Deployment of 

this configuration led to increased feedstock demand of 50,000 m3, which would generate 12 new 

forest-related jobs (a 1.3% increase in forest-sector employment in the region).  However, the 

technology investment in the mill would actually reduce the overall employment by 8, a decline of about 

0.9% in sectoral jobs in this CA.  Investment in this type of technology might be pursued if it was viewed 

as a tool to stabilise the economics of a TMP-newsprint mill, but given the continuing declines in 

newsprint demand it is questionable whether a proponent would proceed.  It is also questionable as a 

policy-driven investment because compared to the other deployments modeled, this option delivered 

fewest jobs per $M investment (0.04) and the fewest jobs per $M subsidy (0.06).  Similarly, this facility 

performed poorly in terms of new wages per $M investment ($0.002 M/a), and delivered a decrease in 

tax revenue of -$0.007 M per $M invested.  

5.7.3 Case Study 3 - Thermomechanical pulp + flash pyrolysis 

As the Corner Brook configuration demonstrates, the flash pyrolysis technology is essentially ‘stand 

alone’ from the TMP-newsprint mill which is its ‘host’ within the I-BIOREF application; and the pyrolysis 

biorefinery has no impact on the operations of the TMP-newsprint mill beyond gaining benefits from 

some shared infrastructure. The configuration is demonstrated to be profitable and to generate positive 

socio-economic impacts directly within the community and more widely within the regional and 

provincial forest products sector.  Indeed, because the forest sector is so important within the CA of 
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Corner Brook, an estimated increase of 11 jobs at the mill would lead to an increase in sectoral 

employment of 6.9% for this area.  Similarly, the 33 jobs generated in forest operations, designed to 

deliver 74,000 m3/a of additional feedstock, would represent growth of 20.6% in forest jobs in the 

Corner Brook region.  Of course, it is likely that many of the forest-related jobs would be spread across 

Newfoundland.  Compared to the other deployments modeled, this option delivered a modest number 

of jobs per $M investment (0.14) and per $M subsidy (0.57), with improved wages of $0.009 M/a, and 

increased tax revenue of $0.002 M/a per $M investment.  (Though, as noted previously, if the capital 

costs incorporated into the I-BIOREF application for this technology are inaccurate, and more realistic 

costs were to be used, the relative increases in wages and tax revenues per $M investment and subsidy 

would improve significantly.) 

5.7.4 Assessment of socio-economic indicators 

The socio-economic measures that are developed and applied to the biorefinery case studies provide 

useful information to help guide both private and public investment in new biorefinery technology.  In 

each case, deployment of the technology provides a measurable impact on income, tax revenue, and 

employment.  The application of these measures provides substantive and useful guidance in assessing 

new potential projects.  While each of the projects described here is financially viable, with positive 

NPVs and IRR values at or above 12%, the impact of investment in each case is radically different in 

terms of jobs created per unit of investment or in terms of taxable income created.   

An interesting finding is that the socio-economic measures proposed, employment and income, can be 

used to assess absolute or regional impacts, as well as relative impacts.  By comparing the number of 

new jobs or increase in wages to existing trends within the CA, the regional benefit of investment can be 

determined.  By relating the number of jobs or growth in wages to the overall investment or subsidy 

required, a relative comparison can be generated which can be useful in comparing data across multiple 

cases.  Both sets of data are obviously important; in this case, Corner Brook performed best on a 

regional or absolute basis, while Prince George performed best on a relative basis.   

As applied in these case scenarios it is apparent that incorporation of specific socio-economic indicators 

into the I-BIOREF application can increase its ability to serve as an effective tool for evaluating and 

defining viable forest biorefinery projects and scenarios.  The socio-economic indicators offered here 

have the benefit of being calculated from data tracked through Statistics Canada, and while more 

detailed information would be beneficial, the ability to access public statistics to inform the model can 

help guide early-stage planning and implementation for biorefineries.  To achieve high levels of 
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functionality, direct employment data and related community-relevant wages for both existing ‘host’ 

mills and potential biorefinery ventures will need to be incorporated into the underlying data, but this 

can be done through existing data within Statistics Canada.  

When combined with the existing capability within the application to include at a broad level an 

assumed public sector subsidy as a percentage of total capital investment, direct employment numbers 

and related wage data would facilitate calculation of an initial, high-level estimate of the potential 

contribution of a proposed subsidy to the success of a proposed venture as well as its potential socio-

economic impacts in the community in which the biorefinery would be located. As well, the capability 

within the application to modify borrowing rates and other financial input factors can be used to 

simulate potential public sector project support through other forms of policy and program initiatives. 

Further development of the I-BIOREF application to accommodate additional modifications of financial 

inputs, (eg. as subsidies to specific capital cost elements of the project, both within the host site and the 

biorefinery), will almost certainly facilitate analysis and subsequent measurement of the socio-economic 

impacts of specific policies and programs. 
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5.9 Appendix A - I-BIOREF output definitions 

Definitions of decision-making metrics used within the I-BIOREF application.  Note that acronyms are 

used extensively throughout the I-BIOREF documentation. 

Table 5-18 Definitions of key decision-making metrics 
Name  Definition Formula 
Net Present Value 
(NPV) 

The Net Present Value (NPV) is the sum of 
present values of cash flows as a result of 
the biorefinery implementation. It is 
calculated by discounting future cash flows 
for the capital investment, annual revenue 
and operating costs to present values using 
an established discount rate, based on the 
assumptions made for the biorefinery 
construction period, annual uptime, 
corporation tax rate, inflation rate, and 
project lifetime. 

NPV = �
Cash flowYear i

(1 + Discount rate)i

Project lifetime

i=0

 

Internal Rate of 
Return (IRR) 
 

The Internal Rate of Return (IRR) is the 
discount rate that makes the Net Present 
Value of all cash flows resulting from the 
biorefinery implementation equal to zero. It 
is calculated using the capital investment 
costs, annual revenue and operating costs, 
based on the assumptions made for the 
biorefinery construction period, annual 
uptime, corporation tax rate, inflation rate, 
and project lifetime. 

IRR for which �
Cash flowYear i

(1+IRR)i =0

Project lifetime

i=0

 

Modified Internal 
Rate of Return (MIRR) 

The Modified IRR (MIRR) is a financial 
indicator of a biorefinery project’s return 
that assumes positive cash flows are 
reinvested at the company’s cost of capital, 
and outlays are financed at the company’s 
financing cost. It is calculated using the 
capital investment costs, annual revenue 
and operating costs considering assumptions 
made for the company’s cost of capital and 
financing cost, the biorefinery construction 
period, annual uptime, corporation tax rate, 
inflation rate, and project lifetime. 

MIRR = �
Future value (Positive cash flows at cost of capital)

Present value (Negative cash flows at financing cost)

# years
-1 

Return on Investment 
(ROI) 

The Return on Investment (ROI) is the ratio 
of the net value generated by a biorefinery 
plant over a given period, to the 
corresponding capital investment. It is 
calculated for a given year during the project 
lifetime using the capital investment costs, 
annual revenue and operating costs, under 
assumptions made for the biorefinery 
construction period, annual uptime, 
corporation tax rate, and inflation rate. The 
net value generated by the biorefinery plant 
is the cumulative cash flow of the project for 
the time at which ROI is calculated. 

ROI Year T =
Cumulative cash flowYear T

Cumulative capital investmentYear T
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Table 5-18 Definitions of key decision-making metrics (con’t) 
Name  Definition Formula 
Discounted Return on 
Investment (DROI) 

The Discounted ROI (DROI) is the ratio of the 
net value generated by the biorefinery plant 
over a given period to the corresponding 
capital investment, accounting for the time 
value of money. It is calculated for a given 
year during the project lifetime using values 
of future cash flows for the capital 
investments, revenue and operating costs 
discounted at the rate established for NPV. 
The assumptions made for the biorefinery 
construction period, annual uptime, 
corporation tax rate, and inflation rate are 
also considered. 

DROIYear T =
∑ Cash flowYear i × (1 + Discount rate)-i T

i=0

∑ Capital investmentYear i × (1 + Discount rate)-i T
i=0

 

Earnings Before 
Interest, Taxes, 
Depreciation and 
Amortization 
(EBITDA) 

The EBITDA is the operating income that a 
biorefinery project generates, not 
accounting for depreciation and 
amortization expenses. It is calculated using 
the revenue and operation costs of the 
biorefinery plant at full capacity for the 
annual uptime provided. 

EBITDA = Revenue - Operating cost 

EBITDA Margin The EBITDA Margin is a ratio that shows the 
fraction of revenues that is available to 
cover non-operating expenses before 
depreciation and amortization are 
accounted for. It is calculated using the 
revenue and operation costs of the 
biorefinery plant at full capacity for the 
annual uptime provided. 

EBITDA margin = 
EBITDA

Revenue
 

Earnings Before 
Interest and Taxes 
(EBIT) 

The EBIT is the operating income the 
biorefinery generates including depreciation 
and amortization expenses, before interests 
and taxes are accounted for. It is calculated 
using the capital investment costs, and the 
revenue and operation costs of the 
biorefinery plant at full capacity for the 
annual uptime provided. 

EBIT = Revenue - Operating cost - Depreciation - Amortization 

Operating Margin 
 

The Operating margin is a ratio that shows 
the fraction of revenues that is available to 
cover non-operating expenses including 
depreciation and amortization. It is 
calculated using the revenue and operation 
costs of the biorefinery plant at full capacity 
for the annual uptime provided. 

Operating margin = 
EBIT

Revenue
 

Competitive Access to 
Biomass (CAB) 

The Competitive Access to Biomass (CAB) is 
the operating income the biorefinery 
generates from of each tonne of feedstock 
(biomass, black liquor, etc.) before 
depreciation and amortization are 
accounted for. It is calculated using the 
revenue and operation costs of the 
biorefinery plant at full capacity for the 
annual uptime provided. 

CAB = 
EBITDA

Tonne of dry feedstock
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Table 5-18 Definitions of key decision-making metrics (con’t) 
Name  Definition Formula 
Resistance To Market 
Uncertainty (RTMU) 

The Resistance To Market Uncertainty 
(RTMU) is the ratio of the annual EBIT to the 
combined costs for feedstock and energy. It 
is calculated using the capital investment 
costs, revenue and operation costs of the 
biorefinery plant at full capacity for the 
annual uptime provided. 

RTMU = 
EBIT

Cost of raw material + Cost of energy
 

Degree of Operating 
Leverage (DOL) 

The Degree of Operating Leverage (DOL) 
ratio shows how much the biorefinery profit 
can increase with changes in variable costs 
or revenues. It is calculated using the capital 
investment costs, revenue and components 
of operating costs of the plant at full 
capacity for the annual uptime provided. 

DOL = 
Revenue - Variable cost

Revenue - Variable cost - Fixed cost
 

Total Capital 
Investment (CAPEX) 

The CAPEX is the total amount of capital 
invested for the implementation of the 
biorefinery plant. In calculation of CAPEX, 
the components of direct and indirect 
investment costs (which establish the fixed 
capital investment), land, working capital, 
biorefinery plant start-up and 
commissioning, and government subsidies 
are all considered. 

CAPEX = Fixed Capital investment + Total other costs 

Capital Intensity 
(CAPIN) 

The Capital Intensity (CAPIN) ratio shows the 
level of capital expenditure that is required 
for the biorefinery project to generate a unit 
of sales. It is calculated using the capital 
investment costs, and the revenue of the 
plant at full capacity for the annual uptime 
provided. 

CAPIN = 
CAPEX

Revenue
 

Payback Period 
 

The Payback Period is the time required to 
recover the capital invested for 
implementing a biorefinery plant. It is 
calculated using the capital investment 
costs, annual revenue and operation costs of 
the biorefinery plant at full capacity for the 
annual uptime provided. 

Year T for which 

� Cash flowYear i

T

i=start-up year

= Total capital investment 

Return On Capital 
Employed (ROCE) 

The Return On Capital Employed (ROCE) is 
the ratio of the annual EBIT over the 
associated capital investment. It is calculated 
using the capital investment costs, annual 
revenue and operation costs of the 
biorefinery plant at full capacity for the 
annual uptime provided. 

ROCE = 
EBIT

Capital investment
 

Return On Invested 
Capital (ROIC) 

The Return On Invested Capital (ROIC) is the 
ratio of the annual net income after tax to 
the capital investment. It is calculated using 
capital investment costs, annual revenue 
and operation costs of the plant at full 
capacity for the annual uptime provided. 

ROIC = 
EBIT - Taxes

Capital investment
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Table 5-18 Definitions of key decision-making metrics (con’t) 
Name  Definition Formula 
Cash Flow on Capital 
Employed (CFCE) 

The Cash Flow on Capital Employed (CFCE) is 
a variant of ROCE that is estimated over the 
lifetime of the biorefinery project and 
assumes that future project earnings are 
discounted at the rate considered for NPV, 
and capital investments are financed at the 
company’s financing cost. It is calculated 
using an established NPV discount rate, 
capital investment costs, annual revenue 
and operating costs considering assumptions 
made for the company’s financing cost, 
biorefinery construction period, annual 
uptime, inflation rate, and project lifetime. 

CFCE = 
∑ Present value (future EBITs at discount rate of NPV)
∑ Present value (capital investments at financing cost)

 

Short-Term Viability 
(STV) 

The Short-term viability (STV) is the sum of 
cash flows estimated for a period considered 
as short-term. It is calculated for a given 
time during the project lifetime using capital 
investment costs, annual revenue and 
operating costs considering assumptions 
made for the biorefinery construction 
period, annual uptime, corporation tax rate, 
and inflation rate. 

STV = � Cash flowYear i

T

i=0

 

Revenue 
Diversification (RD) 

The Revenue Diversification (RD) ratio shows 
how much revenues of the whole site could 
be improved as a result of the 
implementation of a biorefinery project. It is 
calculated using the revenue of the host site 
and that of the biorefinery plant at full 
capacity for the annual uptime provided. 

RD = 
Revenue Whole site - RevenueHost site

Revenue Host site
 

Site Margins 
Improvement (SMI) 

The Site Margins Improvement (SMI) ratio 
shows how much the EBITDA of the whole 
site (integrated biorefinery within the host 
site) could be improved as a result of the 
implementation of the biorefinery. It is 
calculated using the revenue and operation 
costs of the host site and the biorefinery 
plant at full capacity for the annual uptime 
provided. 

SMI = 
EBITDA Whole site - EBITDAHost site

EBITDA Host site
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5.10 Appendix B - I-BIOREF outputs, Kraft + LignoForce 

Prince George, BC 

Kraft Pulp Mill 660 ktpy, plus LignoForce biorefinery 

Table 5-19 Production process data, Kraft + LignoForce 
Description Host Site Only Base Case 

Whole Site 
Base Case 

Incremental 
Kraft mill    
Basics    

Feedstock input (tpd) 4,250.0 4,840.0 590.0 
Pulp production capacity (oven-dry tpd) 1,760.8 2,005.2 244.4 

Pulp production increase percentage (%) 0.0 13.9  
Evaporator maximum design capacity (tph) 850.0 1,200.0  

Concentrator maximum capacity (tph) 110.0 110.0  
Feedstock composition    

Black spruce (%) 100.0 100.0  
Utilities    

Steam production (tph) 856.2 994.3 138.1 
RecoveryBoiler(1) minimum allowable HHV (kJ/kg) 13,050.0 13,050.0  

RecoveryBoiler(1) maximum steam production (tph) 350.0 600.0  
RecoveryBoiler(1) steam production (tph) 346.4 350.0 3.7 

RecoveryBoiler(2) minimum allowable HHV (kJ/kg) 13,050.0 13,050.0  
RecoveryBoiler(2) maximum steam production (tph) 150.0 360.0  

RecoveryBoiler(2) steam production (tph) 148.4 150.0 1.6 
PowerBoiler(1) maximum steam production (tph) 159.1 159.1  

PowerBoiler(1) steam production (tph) 120.5 159.1 38.6 
PowerBoiler(2) maximum steam production (tph) 159.1 200.0  

PowerBoiler(2) steam production (tph) 120.5 192.2 71.8 
PowerBoiler(3) maximum steam production (tph) 159.1 159.1  

PowerBoiler(3) steam production (tph) 120.5 143.0 22.5 
Electricity production (MW) 59.7 61.6 1.8 

Electricity purchase (MW) 0.0 0.0 0.0 
PowerTurbine(1) steam supplied (tph) 98.3 120.0 21.7 
PowerTurbine(2) steam supplied (tph) 249.7 249.7 0.0 
PowerTurbine(3) steam supplied (tph) 119.3 119.3 0.0 

LignoForce system    
Basics    

Yield (recovered lignin/lignin in fed black liquor) (t/t)  0.7  
Maximum percentage of black liquor extraction (%)  24.9  

Maximum lignin extraction (tpd)  241.1  
Targeted percentage of black liquor extraction (%)  24.9  

Targeted lignin extraction (tpd)  241.1  
Chemicals    

Carbon dioxide (t/t lignin)  0.3  
Sulfuric acid (t/t lignin)  0.2  
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Table 5-20 Economic input data, Kraft + LignoForce 
Description Host Site Only Base Case 
Site-specific inputs   

Annual uptime (h) 8,000.0 8,000.0 
Project lifetime (y) 0.0 17.0 

Construction period (mo) 0.0 24.0 
Reference year for STV (y) 2009 2009 

Reference year for ROI and DROI (y) 2017 2017 
Corporation tax rate (%) 40.0 40.0 

Inflation rate (%) 1.5 1.5 
Discount rate for NPV (%) 11.0 8.0 

Cost of capital rate (%) 8.0 1.0 
Financing cost rate (%) 11.0 2.0 

Specific cost for solid waste disposal ($/t) 26.6 26.6 
Kraft mill   
Product prices   

Bleached Kraft pulp ($/t) 1,542.8 1,542.8 
Chemical prices   

Sodium sulfate ($/t) 133.0 133.0 
Sodium hydroxide ($/t) 798.0 798.0 

Sodium chlorate ($/t) 931.0 931.0 
Sulfuric acid ($/t) 199.5 199.5 

Calcium quick lime ($/t) 73.2 73.2 
Methanol ($/t) 638.4 638.4 

Oxygen ($/t) 46.6 46.6 
Wastewater treatment chemicals   

Polymer ($/t) 6,650.0 6,650.0 
Phosphoric acid ($/t) 1,117.2 1,117.2 

Urea ($/t) 798.0 798.0 
Sulfuric acid ($/t) 199.5 199.5 

Utility and miscellaneous   
Steam unit cost for power boilers ($/t) 7.3 7.3 

LignoForce system   
Chemical prices   

Oxygen ($/t)  46.6 
Carbon dioxide ($/t)  399.0 
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Table 5-21 Economic impacts, Kraft + LignoForce 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Operating cost    

Total operating cost ($/y) 418,224,238.8 509,043,698.5 90,819,459.6 
Feedstock    

Total feedstock cost ($/y) 180,880,000.0 205,990,400.0 25,110,400.0 
OPEX/Feedstock ($/t dry biomass) 98,405.7 105,174.3 6,768.6 

Chemicals and materials    
Total chemical costs ($/y) 49,701,125.3 69,108,365.2 19,407,239.9 

Carbon dioxide ($/y) 0.0 9,524,323.5 9,524,323.5 
Sulfuric acid ($/y) 11,797,880.3 13,435,443.9 1,637,563.6 

Sodium hydroxide ($/y) 15,024,483.0 19,162,614.2 4,138,131.2 
Oxygen ($/y) 693,553.7 1,715,811.1 1,022,257.5 

Sodium sulfate ($/y) 4,456,258.1 5,074,891.6 618,633.5 
Sodium chlorate ($/y) 14,127,883.6 16,089,166.3 1,961,282.7 

Calcium quick lime ($/y) 514,597.7 586,036.0 71,438.3 
Methanol ($/y) 1,523,779.8 1,735,316.3 211,536.5 

Polymer ($/y) 1,382,638.5 1,569,324.9 186,686.4 
Phosphoric acid ($/y) 0.0 0.0 0.0 

Urea ($/y) 180,050.5 215,437.3 35,386.8 
Utilities    

Total utility cost ($/y) 35,827,714.8 41,791,301.3 5,963,586.5 
Electricity ($/y) 0.0 0.0 0.0 

Steam ($/y) 0.0 0.0 0.0 
Water ($/y) 6,721,089.3 7,719,217.5 998,128.2 

Solid waste disposal ($/y) 1,874,185.6 2,134,366.7 260,181.1 
Sludge to landfill ($/y) 2,724,291.7 3,088,351.6 364,059.9 

Total fuel ($/y) 24,508,148.2 28,849,365.5 4,341,217.3 
Natural Gas ($/y) 24,508,148.2 28,849,365.5 4,341,217.3 

Lignin (Softwood) ($/y) 0.0 0.0 0.0 
Other direct costs    

Total other direct costs ($/y) 79,044,381.1 103,032,935.8 23,988,554.6 
Labour ($/y) 17,983,642.3 23,986,024.4 6,002,382.1 

Maintenance ($/y) 41,822,423.9 54,497,255.6 12,674,831.7 
Operating and supplies ($/y) 8,782,709.0 11,041,046.5 2,258,337.4 

Laboratory charges ($/y) 9,200,933.3 11,136,360.0 1,935,426.8 
Patents and royalties ($/y) 1,254,672.7 2,372,249.4 1,117,576.7 

Fixed costs    
Total fixed costs (excl. depreciation) ($/y) 21,747,660.4 25,514,932.5 3,767,272.0 

Depreciation ($/y) 0.0 5,602,461.1 5,602,461.1 
Local taxes ($/y) 1,254,672.7 1,433,229.1 178,556.3 

Insurance ($/y) 20,492,987.7 24,081,703.4 3,588,715.7 
Other costs    

Total other costs ($/y) 51,023,357.1 63,605,763.7 12,582,406.6 
Plant overhead ($/y) 16,310,745.3 20,197,011.7 3,886,266.4 

Administrative costs ($/y) 3,345,793.9 4,447,957.7 1,102,163.8 
Distribution and marketing ($/y) 20,911,211.9 25,452,184.9 4,540,973.0 
Research and development ($/y) 10,455,606.0 13,508,609.4 3,053,003.4 

Miscellaneous costs ($/y) 0.0 0.0 0.0 
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Table 5-21 Economic impacts, Kraft + LignoForce (con’t) 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Operating - Kraft mill    
Chemicals    

Total chemical costs ($/y) 49,701,125.3 56,605,686.4 6,904,561.1 
Sulfuric acid ($/y) 11,797,880.3 13,435,443.9 1,637,563.6 

Sodium hydroxide ($/y) 15,024,483.0 17,110,234.7 2,085,751.8 
Sodium sulfate ($/y) 4,456,258.1 5,074,891.6 618,633.5 

Sodium chlorate ($/y) 14,127,883.6 16,089,166.3 1,961,282.7 
Oxygen ($/y) 693,553.7 789,835.2 96,281.6 

Lime ($/y) 514,597.7 586,036.0 71,438.3 
Methanol ($/y) 1,523,779.8 1,735,316.3 211,536.5 

Polymer ($/y) 1,382,638.5 1,569,324.9 186,686.4 
Phosphoric acid ($/y) 0.0 0.0 0.0 

Urea ($/y) 180,050.5 215,437.3 35,386.8 
Utilities    

Total utility cost ($/y) 35,827,714.8 41,726,218.5 5,898,503.6 
Electricity ($/y) 0.0 0.0 0.0 

Water ($/y) 6,721,089.3 7,654,134.6 933,045.3 
Solid waste disposal ($/y) 1,874,185.6 2,134,366.7 260,181.1 

Sludge to landfill ($/y) 2,724,291.7 3,088,351.6 364,059.9 
Lignin ($/y) 0.0 0.0 0.0 

Natural Gas ($/y) 24,508,148.2 28,849,365.5 4,341,217.3 
Operating - LignoForce system    
Chemicals    

Total chemical costs ($/y)  12,502,678.8  
Carbon dioxide ($/y)  9,524,323.5  

Sulfuric acid ($/y)  0.0  
Sodium hydroxide ($/y)  2,052,379.5  

Oxygen ($/y)  925,975.9  
Utilities    

Total utility cost ($/y)  65,082.9  
Electricity ($/y)  0.0  

Steam ($/y)  0.0  
Water ($/y)  65,082.9  

Solid waste disposal ($/y)  0.0  
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Table 5-21 Economic impacts, Kraft + LignoForce (con’t) 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Investment - Kraft mill    
Direct cost items    

Total purchased equipment cost ($)  26,711,538.2  
Total installed equipment cost ($)  33,474,765.7  

Other direct cost items    
Capital spares ($)  1,673,738.3  

Instrumentation and controls (installed) ($)  5,342,307.6  
Piping (installed) ($)  5,342,307.6  

Electrical systems (installed) ($)  4,006,730.7  
Buildings (process and auxiliary constructions) ($)  5,342,307.6  

Service facilities and yard improvement ($)  10,684,615.3  
Total other direct cost ($)  32,392,007.3  

Total direct cost (installed equipment + other) ($)  65,866,773.0  
Indirect cost items    

Engineering and supervision ($)  3,293,338.6  
Legal (contracting, regulatory compliance) ($)  840,369.2  
Construction expense and contractor's fee ($)  3,952,006.4  

Contingency ($)  10,084,430.1  
Total indirect cost ($)  18,170,144.3  

Fixed capital investment (direct + indirect costs) ($)  84,036,917.2  
Other items    

Land ($)  0.0  
Working capital ($)  10,084,430.1  

Start-up and commissioning ($)  6,722,953.4  
Total other costs ($)  16,807,383.4  

Total capital investment ($)  100,844,300.7  
Investment - LignoForce system    
Installed equipment cost    

Oxidation reactor ($)  13,486,710.9  
Black liquor cooler ($)  416,432.8  

CO₂ heater ($)  318,162.4  
Acidification reactor ($)  8,365,405.1  

Coagulation tank cooler ($)  1,362,414.2  
Coagulation tank ($)  441,473.6  

Filter press ($)  7,109,274.5  
Solid handling ($)  121,398.1  

Pumps ($)  141,667.4  
Air compressors and fans ($)  1,711,826.8  

Conveyor ($)  0.0  
Total installed equipment cost ($)  33,474,765.7  
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Table 5-22 Economic performance, Kraft + LignoForce 
Description Host Site Only Base Case  

(Whole Site) 
Base Case 

(Incremental) 
Revenue and profit - total    

Annual revenue ($/y) 915,026,944.2 1,035,479,239.2 120,452,295.0 
Revenue/Feedstock ($/t dry biomass) 215,300.5 213,942.0 -1,358.5 

EBITDA ($/y) 496,802,705.4 526,435,540.8 29,632,835.4 
Annual net income ($/y) 298,081,623.2 318,102,308.9 20,020,685.7 

Revenue and profit - Kraft mill    
Annual revenue ($/y) 915,026,944.2 1,035,479,239.2 120,452,295.0 

Revenue from pulp ($/y) 905,512,606.7 1,031,219,062.7 125,706,456.0 
Revenue from steam ($/y) 103,843.5 0.0 -103,843.5 

Revenue from electricity ($/y) 9,410,494.0 4,260,176.5 -5,150,317.5 
EBITDA ($/y) 496,802,705.4 557,736,217.5 60,933,512.1 

Revenue and profit - LignoForce system    
Annual revenue ($/y)  0.0  

EBITDA ($/y)  -31,300,676.7  
Profitability    

NPV ($)  3,134,809.4  
IRR (%)  8.3  

MIRR (%)  4.9  
ROI (%)  154.9  

DROI (%)  3.3  
Robustness    

EBITDA ($/y) 496,802,705.4 526,435,540.8 29,632,835.4 
EBITDA Margin (%) 54.3 50.8 -3.5 

EBIT ($/y) 496,802,705.4 520,833,079.6 24,030,374.2 
Operating Margin (%) 54.3 50.3 -4.0 
CAB ($/t dry biomass) 350.7 326.3 -24.4 

RTMU ($/$) 5.8 4.7 -1.1 
DOL ($/$) 1.1 1.2 0.0 

Capital efficiency    
CAPEX ($)  100,844,300.7  

CAPIN ($/$)  0.1  
Payback period (y)  5.0  

ROCE (%)  23.8  
ROIC (%)  14.3  

CFCE ($/$)  0.8  
Business value proposition    

STV ($)  -50,938,530.4  
RD (%)  13.2  

SMI (%)  6.0  
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Table 5-23 Economic performance with government subsidies, Kraft + LignoForce 
Description Base Case  

(0% subsidy) 
Base Case 

(25% subsidy) 
Base Case 

(50% subsidy) 
Base Case 

(75% subsidy) 
Total subsidy ($) -- 25,211,075.2 50,422,150.3 75,633,225.5 

     
NPV ($) 3,134,809.4 27,412,141.0 51,689,472.7 51,689,472.7 
IRR (%) 8.3 10.9 14.7 14.7 

MIRR (%) 4.9 6.0 7.5 7.5 
ROI (%) 154.9 239.8 409.7 409.7 

DROI (%) 3.3 38.6 110.5 110.5 
Payback period (y) 5.0 3.8 2.5 1.3 

ROCE (%) 23.8 31.8 47.7 95.3 
ROIC (%) 14.3 19.1 28.6 57.2 

CFCE 0.8 1.1 1.8 4.4 
STV ($) -50,938,530.4 -25,727,455.2 -516,380.0 24,694,695.1 
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5.11 Appendix C - I-BIOREF outputs, TMP + hot water extraction 

Thunder Bay, ON 

TMP Newsprint mill 468 ktpy, plus liquid hot water extraction biorefinery 

Table 5-24 Production process data, TMP + hot water extraction 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
TMP mill    
Basics    

Feedstock input (tpd) 700.0 850.0 150.0 
Paper production (tpy) 218,447.4 209,429.9 -9,017.5 
Feedstock composition    

Black spruce (%) 100.0 100.0  
Utilities    

Steam production (tph) 192.3 219.3 27.0 
Reboiler steam production (tph) 51.9 40.0 -11.9 

PowerBoiler(1) maximum steam production (tph) 180.0 180.0  
PowerBoiler(1) steam production (tph) 140.4 179.3 38.9 

Electricity production (MW) 31.9 32.7 0.8 
Electricity purchase (MW) 59.2 41.9 -17.3 

PowerTurbine(1) steam supplied (tph) 137.4 140.6 3.2 
Liquid hot water extraction    
Basics    

Feedstock input (tpd)  819.1  
Sugar concentration in outlet (Sugar evaporator) (%)  50.0  
Sugar evaporator steam economy (t water/t steam)  5.5  

Utilities    
Specific electricity consumption (MWh/dry t pulp)  0.1  
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Table 5-25 Economic input data, TMP + hot water extraction 
Description Host Site Only Base Case 
Site-specific inputs   

Annual uptime (h) 8,000.0 8,000.0 
Project lifetime (y) 0.0 17.0 

Construction period (mo) 0.0 24.0 
Reference year for STV (y) 2009 2009 

Reference year for ROI and DROI (y) 2017 2017 
Corporation tax rate (%) 40.0 40.0 

Inflation rate (%) 1.5 1.5 
Discount rate for NPV (%) 11.0 8.0 

Cost of capital rate (%) 8.0 1.0 
Financing cost rate (%) 11.0 2.0 

Specific cost for solid waste disposal ($/t) 26.6 26.6 
TMP mill   
Product prices   

Paper ($/t) 824.6 824.6 
Chemical prices   

Hydrogen peroxide ($/t) 266.0 266.0 
Sodium hydroxide ($/t) 399.0 399.0 
Sodium bisulphite ($/t) 665.0 665.0 

Wastewater treatment chemicals   
Sodium hydroxide ($/t) 798.0 798.0 

Polymer ($/t) 6,650.0 6,650.0 
Phosphoric acid ($/t) 1,117.2 1,117.2 

Urea ($/t) 798.0 798.0 
Utility and miscellaneous   

Steam unit cost for power boilers ($/t) 7.3 7.3 
Hot water extraction   
Chemical prices   

Hemicellulose (crude sugar) ($/t)  135.7 
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Table 5-26 Economic impacts, TMP + hot water extraction 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Operating cost     

Total operating cost ($/y) 166,494,754.4 159,343,079.8 -7,151,674.6 
Feedstock    

Total feedstock cost ($/y) 29,792,000.0 36,176,000.0 6,384,000.0 
OPEX/Feedstock ($/t dry biomass) 237,849.6 187,462.4 -50,387.2 

Chemicals and materials    
Total chemical costs ($/y) 2,801,903.2 3,004,441.0 202,537.9 

Sulfuric acid ($/y) 0.0 0.0 0.0 
Sodium hydroxide ($/y) 1,185,239.0 1,238,907.9 53,668.9 

Hydrogen peroxide ($/y) 116,214.0 111,416.7 -4,797.3 
Sodium bisulfite ($/y) 363,168.9 348,177.2 -14,991.7 

Polymer ($/y) 906,776.4 1,018,686.4 111,909.9 
Phosphoric acid ($/y) 35,857.7 44,830.6 8,972.9 

Urea ($/y) 194,647.1 242,422.2 47,775.1 
Utilities    

Total utility cost ($/y) 73,463,255.4 61,924,519.6 -11,538,735.7 
Electricity ($/y) 59,236,782.3 45,261,560.0 -13,975,222.4 

Steam ($/y) 0.0 0.0 0.0 
Water ($/y) 3,746,749.4 3,634,430.5 -112,318.9 

Solid waste disposal ($/y) 399,000.0 484,500.0 85,500.0 
Sludge to landfill ($/y) 1,892,472.1 2,086,592.6 194,120.5 

Total fuel ($/y) 8,188,251.6 10,457,436.6 2,269,185.0 
Natural gas ($/y) 8,188,251.6 10,457,436.6 2,269,185.0 

Other direct costs    
Total other direct costs ($/y) 31,467,508.6 30,847,777.4 -619,731.2 

Labour ($/y) 7,159,274.4 6,685,296.2 -473,978.3 
Maintenance ($/y) 16,649,475.4 16,864,520.5 215,045.0 

Operating and supplies ($/y) 3,496,389.8 3,373,832.4 -122,557.5 
Laboratory charges ($/y) 3,662,884.6 3,434,209.4 -228,675.2 

Patents and royalties ($/y) 499,484.3 489,919.0 -9,565.3 
Fixed charges    

Total fixed charges (excl. depreciation) ($/y) 8,657,727.2 8,586,586.7 -71,140.5 
Depreciation ($/y) 0.0 5,082,330.5 5,082,330.5 

Local taxes ($/y) 499,484.3 460,194.6 -39,289.6 
Insurance ($/y) 8,158,243.0 8,126,392.1 -31,850.9 

Other Costs    
Total other costs ($/y) 20,312,360.0 18,803,755.0 -1,508,605.0 

Plant overhead ($/y) 6,493,295.4 6,041,979.0 -451,316.4 
Administrative costs ($/y) 1,331,958.0 1,227,185.7 -104,772.3 

Distribution and marketing ($/y) 8,324,737.7 7,699,635.0 -625,102.7 
Research and development ($/y) 4,162,368.9 3,834,955.3 -327,413.5 

Miscellaneous costs ($/y) 0.0 0.0 0.0 
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Table 5-26 Economic impacts, TMP + hot water extraction (con’t) 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Operating - TMP mill    
Chemicals    

Total chemical costs ($/y) 2,801,903.2 3,004,441.0 202,537.9 
Sulfuric acid ($/y) 0.0 0.0 0.0 

Sodium hydroxide ($/y) 1,185,239.0 1,238,907.9 53,668.9 
Hydrogen peroxide ($/y) 116,214.0 111,416.7 -4,797.3 

Sodium bisulfite ($/y) 363,168.9 348,177.2 -14,991.7 
Polymer ($/y) 906,776.4 1,018,686.4 111,909.9 

Phosphoric acid ($/y) 35,857.7 44,830.6 8,972.9 
Urea ($/y) 194,647.1 242,422.2 47,775.1 

Utilities    
Total utility cost ($/y) 73,463,255.4 58,534,220.8 -14,929,034.6 

Electricity ($/y) 59,236,782.3 41,950,669.7 -17,286,112.6 
Water ($/y) 3,746,749.4 3,555,021.9 -191,727.5 

Solid waste disposal ($/y) 399,000.0 484,500.0 85,500.0 
Sludge to landfill ($/y) 1,892,472.1 2,086,592.6 194,120.5 

Natural gas ($/y) 8,188,251.6 10,457,436.6 2,269,185.0 
Operating - Hot water extraction    
Utilities    

Total utility cost ($/y)  3,390,298.8  
Electricity ($/y)  3,310,890.3  

Steam ($/y)  0.0  
Water ($/y)  79,408.6  

Solid waste disposal ($/y)  0.0  
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Table 5-26 Economic impacts, TMP + hot water extraction (con’t)  
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Investment - TMP mill    
Direct cost items    

Total purchased equipment cost ($)  25,293,243.8  
Total installed equipment cost ($)  43,308,103.8  

Other direct cost items    
Capital spares ($)  2,165,405.2  

Instrumentation and controls (installed) ($)  2,529,324.4  
Piping (installed) ($)  2,529,324.4  

Electrical systems (installed) ($)  2,529,324.4  
Buildings (process and auxiliary constructions) ($)  2,529,324.4  

Service facilities and yard improvement ($)  11,381,959.7  
Total other direct cost ($)  23,664,662.4  

Total direct cost (installed equipment cost + other) ($)  66,972,766.2  
Indirect cost items    

Engineering and supervision ($)  3,348,638.3  
Legal (contracting, regulatory compliance) ($)  762,349.6  
Construction expense and contractor's fee ($)  1,339,455.3  

Contingency ($)  3,811,747.9  
Total indirect cost ($)  9,262,191.1  

Fixed capital investment (direct + indirect costs) ($)  76,234,957.3  
Other items    

Land ($)  0.0  
Working capital ($)  9,148,194.9  

Start-up and commissioning ($)  6,098,796.6  
Total other costs ($)  15,246,991.5  

Total capital investment ($)  91,481,948.7  
Liquid hot water extraction   
Installed equipment cost    

Digester system ($)  17,504,460.1  
Digester water heater ($)  450,158.4  

Mixing tank ($)  4,874,032.2  
Washing system and screw press ($)  7,511,262.0  

Weak liquor tank ($)  4,156,998.2  
Sugar evaporators ($)  8,244,881.6  

Sugars storage tank ($)  566,311.3  
Total installed equipment cost ($)  43,308,103.8  
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Table 5-27 Economic performance, TMP + hot water extraction 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Revenue and profit - total   

Annual revenue ($/y) 180,131,761.1 176,266,342.9 -3,865,418.2 
Revenue/Feedstock ($/t dry biomass) 257,331.1 207,372.2 -49,958.9 

EBITDA ($/y) 13,637,006.7 16,923,263.2 3,286,256.5 
Annual net income ($/y) 8,182,204.0 12,186,890.1 4,004,686.1 

Revenue and profit - TMP mill    
Annual revenue ($/y) 180,131,761.1 172,695,895.6 -7,435,865.5 

Revenue from paper ($/y) 180,131,761.1 172,695,895.6 -7,435,865.5 
Revenue from steam ($/y) 0.0 0.0 0.0 

Revenue from electricity ($/y) 0.0 0.0 0.0 
EBITDA ($/y) 13,637,006.7 19,297,682.4 5,660,675.7 

Revenue and profit - hot water extraction    
Annual revenue ($/y)  3,570,447.4  

Revenue from Hemicellulose (Crude sugar) ($/y)  3,570,447.4  
EBITDA ($/y)  -2,374,419.2  

Profitability    
NPV ($)  -57,277,678.6  
IRR (%)  -2.5  

MIRR (%)  -1.3  
ROI (%)  -24.8  

DROI (%)  -66.2  
Robustness    

EBITDA ($/y) 13,637,006.7 16,923,263.2 3,286,256.5 
EBITDA Margin (%) 7.6 9.6 2.0 

EBIT ($/y) 13,637,006.7 11,840,932.7 -1,796,074.0 
Operating Margin (%) 7.6 6.7 -0.9 
CAB ($/t dry biomass) 58.4 59.7 1.3 

RTMU ($/$) 0.2 0.3 0.1 
DOL ($/$) 3.1 3.9 0.8 

Capital efficiency    
CAPEX ($)  91,481,948.7  

CAPIN ($/$)  0.5  
Payback period (y)  22.8  

ROCE (%)  -2.0  
ROIC (%)  -1.2  

CFCE ($/$)  -0.4  
Business value proposition    

STV ($)  -73,117,906.7  
RD (%)  -2.1  

SMI (%)  24.1  
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Table 5-28 Economic performance with government subsidies, TMP + hot water extraction 
Description Base Case  

(0% subsidy) 
Base Case 

(25% subsidy) 
Base Case 

(50% subsidy) 
Base Case 

(75% subsidy) 
Total subsidy ($) -- 22,870,487.2 45,740,974.4 68,611,461.5 

     
NPV ($) -57,277,678.6 -35,254,246.5 -13,230,814.4 8,792,617.7 
IRR (%) -2.5 0.03 4.0 12.5 

MIRR (%) -1.3 0.4 2.9 7.2 
ROI (%) -24.8 0.3 50.5 201.0 

DROI (%) -66.2 -54.7 -31.2 43.1 
Payback period (y) 22.8 17.1 11.4 5.7 

ROCE (%) -2.0 -2.6 -3.9 -7.9 
ROIC (%) -1.2 -1.6 -2.4 -4.7 

CFCE -0.4 -0.5 -0.8 -2.1 
STV ($) -73,117,906.7 -50,247,419.5 -27,376,932.4 -4,506,445.2 
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5.12 Appendix D - I-BIOREF outputs, TMP + pyrolysis 

Corner Brook, NL 

TMP Newsprint Mill 156 ktpy, plus 100 tpd thermal fast pyrolysis biorefinery 

Table 5-29 Production process data, TMP + pyrolysis 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
TMP mill    
Basics    

Feedstock input (tpd) 500.0 500.0 0.0 
Paper production (tpy) 156,033.9 156,033.9 0.0 

Feedstock composition     
Black spruce (%) 100.0 100.0  

Utilities    
Steam production (tph) 177.0 177.0 0.0 

Reboiler steam production (tph) 36.9 36.9 0.0 
PowerBoiler(1) maximum steam production (tph) 180.0 180.0  

PowerBoiler(1) steam production (tph) 140.1 140.1 0.0 
Electricity production (MW) 31.9 31.9 0.0 

Electricity purchase (MW) 59.2 59.2 0.0 
PowerTurbine(1) steam supplied (tph) 137.4 137.4 0.0 

Thermal fast pyrolysis    
Basics    

Feedstock input (tpd)  100.0  
Sand to biomass ratio (%)  7.4  

Char recovered from the pyrolysis system (%)  18.0  
Char recovered from the quenching system (%)  0.0  
Miscellaneous fresh water consumption (m3/d)  0.0  

Miscellaneous electricity consumption (kWh)  0.0  
Feedstock composition    

Black spruce (%)  100.0  
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Table 5-30 Economic input data, TMP + pyrolysis 
Description Host Site Only Base Case 
Site-specific inputs   

Annual uptime (h) 8,000.0 8,000.0 
Project lifetime (y) 0.0 17.0 

Construction period (mo) 0.0 24.0 
Reference year for STV (y) 9.0 9.0 

Reference year for ROI and DROI (y) 17.0 17.0 
Corporation tax rate (%) 40.0 40.0 

Inflation rate (%) 1.5 1.5 
Discount rate for NPV (%) 11.0 8.0 

Cost of capital rate (%) 8.0 1.0 
Financing cost rate (%) 11.0 2.0 

Specific cost for solid waste disposal ($/t) 26.6 26.6 
TMP mill   
Product prices   

Paper ($/t) 824.6 824.6 
Chemical prices   

Hydrogen peroxide ($/t) 266.0 266.0 
Sodium hydroxide ($/t 399.0 399.0 

Sodium bisulphite ($/t) 665.0 665.0 
Wastewater treatment chemicals   

Sodium hydroxide ($/t) 798.0 798.0 
Polymer ($/t) 6,650.0 6,650.0 

Phosphoric acid ($/t) 1,117.2 1,117.2 
Urea ($/t) 798.0 798.0 

Utility and miscellaneous   
Steam unit cost for power boilers ($/t) 7.3 7.3 

Thermal fast pyrolysis   
Product prices   

Crude bio-oil ($/GJ)  9.8 
Primary biochar ($/t)  266.0 

Secondary biochar ($/t)  665.0 
Raw material prices   

Sand ($/t)  66.5 
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Table 5-31 Economic impacts, TMP + pyrolysis 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Operating cost    

Total operating cost ($/y) 119,543,041.3 142,823,269.1 23,280,227.8 
Feedstock    

Total feedstock cost ($/y) 26,600,000.0 31,920,000.0 5,320,000.0 
OPEX/Feedstock ($/t dry biomass) 239,086.1 238,038.8 -1,047.3 

Chemicals and materials    
Total chemical costs ($/y) 2,048,869.8 2,051,967.1 3,097.4 

Sulfuric acid ($/y) 0.0 0.0 0.0 
Sodium hydroxide ($/y) 783,250.0 783,309.1 59.1 

Hydrogen peroxide ($/y) 83,010.0 83,010.0 0.0 
Sodium bisulfite ($/y) 259,406.3 259,406.3 0.0 

Polymer ($/y) 758,557.1 758,648.1 91.0 
Phosphoric acid ($/y) 25,612.6 25,770.0 157.4 

Urea ($/y) 139,033.6 139,774.1 740.5 
Sand ($/y) 0.0 1,988.3 1,988.3 

Cooling tower chemicals ($/y) 0.0 61.1 61.1 
Hydrotreating catalyst ($/y) 0.0 0.0 0.0 
Hydrocraking catalyst ($/y) 0.0 0.0 0.0 

Reforming catalyst ($/y) 0.0 0.0 0.0 
Utilities    

Total utility cost ($/y) 47,500,047.6 51,183,493.4 3,683,445.8 
Electricity ($/y) 353,055.7 3,635,211.1 3,282,155.4 

Steam ($/y) 0.0 0.0 0.0 
Water ($/y) 2,080,922.0 2,085,107.1 4,185.2 

Solid waste disposal ($/y) 285,000.0 664,345.8 379,345.8 
Sludge to landfill ($/y) 1,638,207.7 1,638,517.1 309.4 

Total fuel ($/y) 43,142,862.2 43,160,312.3 17,450.1 
Natural Gas ($/y) 43,142,862.2 43,160,312.3 17,450.1 

Other direct costs    
Total other direct costs ($/y) 22,593,634.8 32,904,356.7 10,310,721.9 

Labour ($/y) 5,140,350.8 5,903,964.9 763,614.2 
Maintenance ($/y) 11,954,304.1 20,220,276.3 8,265,972.2 

Operating and supplies ($/y) 2,510,403.9 3,392,176.5 881,772.7 
Laboratory charges ($/y) 2,629,946.9 2,922,940.6 292,993.7 

Patents and royalties ($/y) 358,629.1 464,998.4 106,369.2 
Fixed charges    

Total fixed charges (excl. depreciation) ($/y) 6,216,238.1 8,288,755.5 2,072,517.4 
Depreciation ($/y) 0.0 17,254,171.8 17,254,171.8 

Local taxes ($/y) 358,629.1 1,408,927.3 1,050,298.2 
Insurance ($/y) 5,857,609.0 6,879,828.2 1,022,219.2 

Other costs    
Total other costs ($/y) 14,584,251.0 16,474,696.3 1,890,445.3 

Plant overhead ($/y) 4,662,178.6 5,040,443.4 378,264.8 
Administrative costs ($/y) 956,344.3 1,179,114.7 222,770.4 

Distribution and marketing ($/y) 5,977,152.1 6,958,520.7 981,368.6 
Research and development ($/y) 2,988,576.0 3,296,617.5 308,041.5 

Miscellaneous costs ($/y) 0.0 0.0 0.0 
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Table 5-31 Economic impacts, TMP + pyrolysis (con’t) 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Operating - TMP mill    
Chemicals    

Total chemical costs ($/y) 2,048,869.8 2,049,917.7 1,048.0 
Sulfuric acid ($/y) 0.0 0.0 0.0 

Sodium hydroxide ($/y) 783,250.0 783,309.1 59.1 
Hydrogen peroxide ($/y) 83,010.0 83,010.0 0.0 

Sodium bisulfite ($/y) 259,406.3 259,406.3 0.0 
Polymer ($/y) 758,557.1 758,739.1 91.0 

Phosphoric acid ($/y) 25,612.6 25,927.4 157.4 
Urea ($/y) 139,033.6 140,514.6 740.5 

Utilities    
Total utility cost ($/y) 47,500,047.6 50,694,159.0 5,671,916.3 

Electricity ($/y) 353,055.7 3,529,330.4 5,671,606.8 
Water ($/y) 2,080,922.0 2,080,999.1 0.0 

Solid waste disposal ($/y) 285,000.0 285,000.0 0.0 
Sludge to landfill ($/y) 1,638,207.7 1,638,517.1 309.4 

Bunker C ($/y) 43,142,862.2 43,160,312.3 0.0 
Operating - Thermal fast pyrolysis    
Chemicals    

Total chemical costs ($/y)  2,049.4  
Sand ($/y)  1,988.3  

Cooling tower chemicals ($/y)  61.1  
Utilities    

Total utility cost ($/y)  489,334.5  
Electricity ($/y)  105,880.6  

Water ($/y)  4,108.1  
Solid waste disposal ($/y)  379,345.8  
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Table 5-31 Economic impacts, TMP + pyrolysis (con’t) 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Investment - TMP mill    
Direct cost items    

Total purchased equipment cost ($)  89,811,383.0  
Total installed equipment cost ($)  221,719,216.6  

Other direct cost items    
Capital spares ($)  6,600,852.1  

Instrumentation and controls (installed) ($)  5,333,476.6  
Piping (installed) ($)  16,000,429.9  

Electrical systems (installed) ($)  10,666,953.3  
Buildings (process and auxiliary constructions) ($)  5,333,476.6  

Service facilities and yard improvement ($)  16,000,429.9  
Total other direct cost ($)  59,935,618.6  

Total direct cost (installed equipment cost + other) ($) 
   

 191,952,661.6  
Indirect cost items    

Engineering and supervision ($)  19,195,266.2  
Legal (contracting, regulatory compliance) ($)  2,588,125.8  
Construction expense and contractor's fee ($)  19,195,266.2  

Contingency ($)  25,881,257.7  
Total indirect cost ($)  66,859,915.8  

Fixed capital investment (direct + indirect costs) ($)  19,195,266.2  
Other cost items    

Land ($)  0.0  
Working capital ($)  31,057,509.3  

Start-up and commissioning ($)  20,705,006.2  
Total other costs ($)  51,762,515.5  

Total capital investment ($)  310,575,092.9  
Investment - Thermal fast pyrolysis    
Installed equipment cost    

Feedstock handling and preparation ($)  20,377,605.1  
Thermal fast pyrolysis ($)  102,180,096.8  

Primary biochar recovery system ($)  9,459,341.1  
Secondary biochar recovery system ($)  0.0  

Total installed equipment cost ($)  132,017,043.0  
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Table 5-32 Economic performance, TMP + pyrolysis 
Description Host Site Only Base Case 

(Whole Site) 
Base Case 

(Incremental) 
Revenue and profit - total    

Annual revenue ($/y) 128,665,543.7 223,910,134.6 95,244,590.9 
Revenue/Feedstock ($/t dry biomass) 257,331.1 373,183.6 115,852.5 

EBITDA ($/y) 9,122,502.3 81,086,865.5 71,964,363.1 
Annual net income ($/y) 5,473,501.4 55,553,788.0 50,080,286.6 

Revenue and profit - TMP mill    
Annual revenue ($/y) 128,665,543.7 128,665,543.7 0.0 

Revenue from paper ($/y) 128,665,543.7 128,665,543.7 0.0 
Revenue from steam ($/y) 0.0 0.0 0.0 

Revenue from electricity ($/y) 0.0 0.0 0.0 
EBITDA ($/y) 9,122,502.3 4,103,079.4 -5,019,422.9 

Revenue and profit - Thermal fast pyrolysis    
Annual revenue ($/y)  95,244,590.9  

Crude bio-oil ($/y)  94,762,403.4  
Primary biochar ($/y)  392,436.6  

Secondary biochar ($/y)  0.0  
Electricity ($/y)  89,750.9  

EBITDA ($/y)  76,980,311.9  
Profitability    

NPV ($)  137,825,080.7  
IRR (%)  14.1  

MIRR (%)  7.7  
ROI (%)  176.2  

DROI (%)  46.9  
Robustness    

EBITDA ($/y) 9,122,502.3 81,086,865.5 71,964,363.1 
EBITDA Margin (%) 7.1 36.2 29.1 

EBIT ($/y) 9,122,502.3 63,832,693.6 54,710,191.3 
Operating Margin (%) 7.1 28.5 21.4 

CAB ($/dry tonne biomass) 54.7 405.4 350.7 
RTMU ($/$) 0.2 1.5 1.3 

DOL ($/$) 3.3 1.8 -1.5 
Capital efficiency    

CAPEX ($)  310,575,092.9  
CAPIN ($/$)  1.4  

Payback period (y)  6.2  
ROCE (%)  17.6  
ROIC (%)  10.6  

CFCE ($/$)  1.6  
Business value proposition    

STV ($)  42,943,026.7  
RD (%)  74.0  

SMI (%)  788.9  
 

  



 188 

Table 5-33 Economic performance with government subsidies, TMP + pyrolysis 
Description Base Case  

(0% subsidy) 
Base Case 

(25% subsidy) 
Base Case 

(50% subsidy) 
Base Case 

(75% subsidy) 
Total subsidy ($) -- 77,643,773.2 155,287,546.4 232,931,319.7 

     
NPV ($) 137,825,080.7 212,593,158.7 287,361,236.6 362,129,314.5 
IRR (%) 14.1 20.0 31.1 73.5 

MIRR (%) 7.7 10.1 13.8 22.7 
ROI (%) 176.2 268.3 452.5 1,005.0 

DROI (%) 46.9 97.1 199.5 522.5 
Payback period (y) 6.2 4.7 3.1 1.6 

ROCE (%) 17.6 23.5 35.2 70.5 
ROIC (%) 10.6 14.1 21.1 42.3 

CFCE 1.6 2.1 3.4 8.4 
STV ($) 42,943,026.7 120,586,799.9 198,230,573.1 275,874,346.3 
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Chapter 6 Conclusions 

6.1 Disruptive, structural changes in Canada’s forest products sector 

The Canadian forest sector has suffered a major downturn in the years since 2004, with a cumulative 

drop in harvest between 2004-2019 of 797 M m3.  Analyses show that this can be attributed to 

significant changes in markets for conventional forest products driven by two primary factors: (1) 

widespread adoption of internet usage combined with the introduction of new technologies and 

applications led to significant changes in consumer behaviour with respect to interactions with 

advertising and media which ultimately brought about significant reductions in  demand for newsprint 

globally; and, (2) dramatic decline in residential construction in the US resulting from the Great 

Recession of 2007 – 2009 and the extended downturn to 2012 combined with a changing mix in 

household construction led to a drop in demand for lumber and wood building products.. 

It is estimated that the changes in the newsprint and paper markets have contributed 55% of the 

reduction in wood harvest between 2004-2019 - approximately 438 M m3 of wood in total; and, it is 

estimated that changes in the lumber market have contributed approximately 33% of the overall decline 

in forest harvest between 2004-2019 - approximately 266 M m3 in cumulative harvest reductions.   

The findings from the research indicate that 88% of the decline in Canadian forest harvests can be 

attributed to the combined impacts of technological change on the demand for graphic papers and 

changes in residential and particularly single-family unit construction. Across Canada, the 

interdependence and fibre flows between pulp, paper, and lumber manufacturers, and harvest 

operators likely account for the remaining 12% of harvest decline observed since 2004. 

North American demand for structural wood products may eventually return to levels seen prior to the 

Great Recession as continuing population growth fuels demand for housing. However, without 

concurrent increases in demand for the wood chips that represent roughly 45% of the fibre volume 

output of wood products manufacturers and that have historically been consumed by the pulp and 

paper segment, the wood products industry’s ability to grow and meet that demand may be 

constrained.  Therefore, finding new technology, product and market pathways to a sustainable future is 

imperative if use of the country’s forest resources is to continue contributing to our socio-economic and 

environmental sustainability.  
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6.2 Policy environment and fostering biorefinery development 

As the disruption to Canada’s forest products industries took place federal and provincial governments 

introduced a wide range of policy and program initiatives in efforts to support or stimulate industry 

efforts to maintain operations and related employment in communities in which these facilities were 

located.   The analysis identified 128 policies over the period 2000-2017, many of which were introduced 

during the period of harvest decline observed between 2004-2009.  Canada’s Federal government 

played a lead role in policy development prior to 2004; provincial policies, largely from BC, AB, ON and 

PQ, make up the majority of policies introduced after 2004. 

The analysis shows significant changes in sectoral focus during the period examined.  In 2001 initiatives 

were split between support for the conventional forest sector and programs designed to spur innovation 

in clean energy and clean technology.  With the decline in the forest sector programs designed to 

specifically to address biorefining and forest product diversification were introduced, along with 

introduction of programs designed to support energy.  Beginning in 2006 many of these new initiatives 

related to clean or renewable energy and included policies designed specifically to grow the production 

of forest-based bioenergy.  Energy-related programs dominated the policy landscape between 2007 and 

2010 as levels of forest harvest continued to decline and by 2011 growth in new programs to support 

biorefining and transformational forest products had begun to complement energy-focused programs.  

By the end of 2020, active programs in new forest bioproducts and biorefining make up the majority of 

the active programs in this space.  

A defining characteristic of policy initiatives related to forest sector growth was the deliberate attempt 

to engage non-conventional industry in the development of the bioeconomy.  This helps explain the 

shift in focus to non-traditional biochemical and bioenergy, which could be championed by a variety of 

different sectors.   

During the period of analysis shifts in focus on different process stages within the forest sector also 

became evident.  Initially, forest-driven policies focused primarily on market development and R&D, 

however, ss harvests declined new policies focused on forest resources emerged, designed primarily to 

expand access to timber to new market entrants.  These policies were followed by initiatives focused on 

forest residues, which were largely developed in response to the emerging focus on bioenergy, which 

created new demand for these resources.  New programs on facility development and / or conversion 

were introduced and were frequently linked biorefining, including market development as well as 
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sectoral engagement. The current mix of programs is balanced between resources, facility development, 

market development, and research. 

Current policy mechanisms are very different from what was available in 2001.  Programs that were 

designed to provide direct support - investment, production incentives, or market support - are now in 

the minority, while the majority of programs offered today are designed to create a supportive 

environment for new bioproduct development.  The development of mandates, tax support measures, 

and resource allocation initiatives (often provided through comprehensive policy suites) allow actors 

from a variety of sectors to take part in the emerging bioeconomy and represents a substantively 

different approach to supporting growth and development in the industry.  

The examination of policy domains illustrates a significant development in the bioeconomy policy 

landscape. That is, the growth of policy related to climate change or clean energy which most clearly 

illustrated in the rapid rise in bioenergy and biofuel policy. These initiatives are directly related to the 

impact of such external factors as global warming on policy affecting the forest sector and largely 

explain the relatively fast growth of energy programs within these domains.  The domain analysis shows 

that the precipitous decline in forest harvests and particularly in the pulp and paper sector is not the 

only driver of new policy in this space. 

In the post-analysis period the number of active initiatives focusing on biorefinery development, the 

forest industry, or forest resource use have once again become dominant in the overall policy spectrum. 

However, it remains unclear whether these emergent policy directions will lead to introduction of 

specific initiatives focused on stimulating forest products sector transition towards biorefining as a 

replacement for earlier sector declines, particularly in the pulp and paper segment, given the evident 

importance of climate change and the need for clean energy as drivers of policy. 

While policy responses to forest sector changes were evident, assessment of success (or failure) of these 

policy initiatives has proven difficult.  Policy goals defined frequently refer to improving industry 

competitiveness and performance, enhancing environmental sustainability, increasing renewable energy 

production, and increasing employment and creating new income for forest-dependent communities. 

Yet, there is little or no evidence available to assess whether such objectives were achieved, or whether 

changes in policy focus or mechanisms resulted in major shifts forward for the bioeconomy. Data to 

measure industry change and initiative impacts, particularly with regard to desired socio-economic 

outcomes at the forest-dependent community or forest industry sector level, is limited, with only the 

national census providing data to support such research and analysis. As well, the limitations of timing of 
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census data make linkage of specific outcomes to individual policy or program initiatives difficult if not 

impossible. 

6.3 Measures to assess socio-economic impacts 

Various tools and models were examined for usefulness in assessing forest sector change and evaluating 

socio-economic impacts resulting from those changes. The I-BIOREF application developed by CANMET 

Energy is intended to enable scenario-based simultaneous analysis of technical, economic, and 

environmental impacts of various potential biorefinery configurations coupled with such conventional 

forest products manufacturing as thermo-mechanical pulp (TMP) and newsprint, Kraft pulp and 

sawmilling or lumber production. The intended capability within the I-BIOREF application to examine 

and compare techno-economic, socio-economic, environmental and sustainability characteristics for 

different biorefining situations confirmed its utility for this project. Potential measures were developed 

based on a modified S-LCA framework and were assessed for their ability to meet three key criteria: (1) 

availability (i.e. not proprietary data); (2) automated (i.e. collected on a regular basis); and (3) accepted 

(i.e. used by agencies to report on socio-economic progress).  Not all measures considered met all three 

criteria, but three measures - employment, employment income, and tax filings - were seen to be 

particularly useful.   The data required to describe these measures is generally available through 

Statistics Canada, and thus these measures are prime candidates for addition to and incorporation 

within the I-BIOREF tool. 

6.4 Applying socio-economic measures in selected communities 

Examination of the case communities show that declines in the forest sector have generated negative 

socio-economic impacts in each of the three communities examined. The measures of socio-economic 

impacts that were developed and calculated for each community showed that declines were most 

evident during the 2006-2011 period, with some limited improvement in the 2016 Census data, 

primarily in the forestry and logging and wood products segments. From a historic perspective the 

measures clearly demonstrate the impact of the decline in the forest products sector on employment, 

income, and loss of forest sector occupations in the communities examined.  

The biorefinery case scenarios examined demonstrate both the potential for deployment of such 

technologies to generate positive and increased economic activity and the constraints likely to be 

encountered when biorefinery technologies are deployed with existing mills in segments facing declining 

markets (eg. pulp and paper).  
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Kraft pulp + LignoForce 

The LignoForce configuration, as modelled in Prince George BC, delivers increases in Annual Revenue 

($120.5 M/a) and EBITDA ($29.6 M/a) when deployed with a large Kraft mill configuration (668 ktpy).  

However, a significant subsidy (50% of capital investment / $51.5 M) is required to achieve an IRR above 

12% . The addition of this technology delivered 67 jobs in the mill and an additional 81 jobs in the forest 

sector to deliver additional feedstock.   

Compared to the other deployments modeled, this option delivered the most jobs per $M investment 

(1.47) and the most jobs per $M subsidy (2.94).  Similarly, this facility performed relatively well in terms 

of new wages per $M investment ($0.11 M/a) and in terms of tax revenue per investment ($0.03 M/a).   

A constraint of this technology is that it can only be deployed within a Kraft pulp mill and while the 

configuration developed within the I-BIOREF application appears viable, the increased scale required to 

achieve viability creates uncertainty whether a proponent would proceed given growth limitations in 

market pulp.   

TMP + hot water extraction 

The hot water extraction and TMP-newsprint configuration deployed in Thunder Bay integrates the 

biorefinery technology within the mechanical pulping process of the mill in order to extract hemi-

cellulose for processing into crude sugars. The technology configuration modelled would actually reduce 

overall employment by 8, a decline of about 0.9% in sectoral jobs in this CA.  Investment in this type of 

technology might be pursued if it was viewed as a tool to stabilise the economics of a TMP-newsprint 

mill, but given the continuing declines in newsprint demand it is questionable whether a proponent 

would proceed.  It is also questionable as a policy-driven investment because; compared to the other 

deployments modeled, this option delivered fewest jobs per $M investment (0.04) and the fewest jobs 

per $M subsidy (0.06).  Similarly, this facility performed poorly in terms of new wages per $M 

investment ($0.002 M/a), and delivered a decrease in tax revenue of -$0.007 M per $M invested. 

TMP + flash pyrolysis  

The flash pyrolysis technology configuration deployed in Corner Brook is essentially ‘stand alone’ from 

the TMP-newsprint mill which is its ‘host’ within the I-BIOREF application. The pyrolysis biorefinery has 

no impact on the operations of the TMP-newsprint mill beyond gaining benefits from some shared 

infrastructure. The configuration is demonstrated to be profitable and to generate positive socio-

economic impacts directly within the community and more widely within the regional and provincial 
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forest products sector.  Compared to the other deployments modeled, this option delivered a modest 

number of jobs per $M investment (0.14) and per $M subsidy (0.57), with improved wages of $0.009 

M/a, and increased tax revenue of $0.002 M/a per $M investment.  (As noted previously, however, if 

the capital costs incorporated into the I-BIOREF application for this technology are inaccurate, and more 

realistic costs were to be used, the relative increases in wages and tax revenues per $M investment and 

subsidy would improve significantly.) 

Assessment of socio-economic indicators 

The socio-economic measures that are developed and applied to the biorefinery case studies provide 

useful information to help guide both private and public investment in new biorefinery technology.  In 

each case, deployment of the technology provides a measurable impact on income, tax revenue, and 

employment.  The application of these measures provides substantive and useful guidance in assessing 

new potential projects.  While each of the projects described here are financially viable, with positive 

NPVs and IRR values at or above 12%, the impact of investment in each case is radically different in 

terms of jobs created per unit of investment or in terms of taxable income created.   

The socio-economic measures used can be used to assess absolute or regional impacts, as well as 

relative impacts and can support calculation of regional benefits of investment or subsidies.  A relative 

comparison can be generated to compare data across multiple cases.  For example, based on the 

configurations used, the measures show that Corner Brook performed best on a regional or absolute 

basis, while Prince George performed best on a relative basis.   

As applied in these case scenarios it is apparent that incorporation of specific socio-economic indicators 

into the I-BIOREF application can increase its ability to serve as an effective tool for evaluating and 

defining viable forest biorefinery projects and scenarios.  As well, the capability within the application to 

modify borrowing rates and other financial input factors can be used to simulate potential public sector 

project support through other forms of policy and program initiatives. Further development of the I-

BIOREF application to accommodate additional modifications of financial inputs, (eg. as subsidies to 

specific capital cost elements of the project, both within the host site and the biorefinery), will almost 

certainly facilitate analysis and subsequent measurement of the socio-economic impacts of specific 

policies and programs.  
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6.5 Future research needs 

The changes that have occurred in Canada’s forest products industries have had impacts on a diverse 

range of communities across the country, with permanent mill closures and related loss of employment 

threatening their sustainability and, in some instances, their continued existence. However, as this 

research has shown, it is effectively impossible to evaluate accurately the socio-economic impacts of 

these changes on many of the communities most directly affected. It is equally impossible to estimate 

and then subsequently measure the potential benefits that could occur in such communities if forest 

biorefining or other sorts of economic development through application of public policy initiatives. 

Expansion of the Labour Force Survey (LFS) sample to provide reliable data at the census subdivision 

level could provide income, employment, occupation, and related data for most smaller communities 

across Canada, including those where the economy is resource dependent. Such an expansion of the LFS 

could also provide policy makers with a significantly enhanced perspective on changes to overall socio-

economic conditions in smaller communities across the country, whether such changes result from a 

mill closure, or a public health pandemic. 

As discussed in Chapter 2, construction and household formation data for both Canada and the United 

States shows the number of residential units constructed have exceeded the number of households 

formed during the past two decades. Yet housing market conditions current at time of writing suggest 

demand for housing exceeds available supply. It is unclear how such apparent supply shortages can 

prevail in markets in which more housing has been constructed than there were households formed, 

suggesting that investigation and analysis of such issues as intra-country population migration, impact of 

destruction or abandonment of housing on available supply, and impact of survey design and data 

collection on measurement of changes in smaller centres and rural areas could improve our 

understanding of the factors contributing to this phenomenon. 


	Abstract
	Acknowledgements
	Table of Contents
	List of Figures
	List of Tables
	List of Acronyms
	Chapter 1 Introduction
	1.1 Research question and objectives
	1.2 Understanding sector decline
	1.3 The policy context
	1.4 Measures to assess impacts and new directions
	1.5 Measuring disruption and potential biorefinery scenarios in specific communities
	1.6 Positionality
	1.7 References

	Chapter 2 Forest sector decline: Disruptive technology and market changes
	2.1 Abstract
	2.2 Introduction
	2.2.1 Overview of Canada’s forest sector decline

	2.3 Paper market changes
	2.3.1 Trends in paper production, imports, and exports
	2.3.2 Disruptive factors in paper markets
	Increasing Internet use
	Declining revenues from advertising
	Relative changes in advertising revenues, newsprint stocks, and paper stocks

	2.3.3 Summary of paper market disruption impacts

	2.4 Lumber and panel market changes
	2.4.1 Trends in lumber and panel production, imports, and exports
	2.4.2 Disruptive factors in lumber and panel markets
	Decline in single-family home construction
	Shift to multi-family homes
	Changes in residence size
	Rates of household formation
	Relative changes in residential construction, lumber stocks, and panel stocks
	Mutual dependency between lumber and paper production

	2.4.3 Summary of lumber and panel market disruption impacts

	2.5 Conclusions
	2.6 References

	Chapter 3 Policy barriers and pathways to forest-based biorefinery development
	3.1 Abstract
	3.2 Introduction
	3.3 Approach
	3.3.1 Policy review
	3.3.2 Analytical frameworks
	Framework A - Industry sector
	Framework B - Industrial process stage
	Framework C - Policy characterisation
	Framework D - Policy domain


	3.4 Canadian forest bioeconomy policy environment
	3.4.1 Current status of policy initiatives
	3.4.2 Policy by industry sector
	3.4.3 Policy by industrial process stage
	3.4.4 Policy characterisation
	3.4.5 Policy domain
	3.4.6 Policy initiatives post-2017

	3.5 Evaluating policy initiatives
	3.5.1 Determining impacts and outcomes of policy initiatives
	Evaluating forest-focused initiatives
	Evaluating energy-focused initiatives

	3.5.2 Data gaps and challenges in policy evaluation

	3.6 Conclusions
	3.7 References
	3.8 Appendix A

	Chapter 4 Measures to assess sector disruptions and identify biorefinery opportunities
	4.1 Abstract
	4.2 Assessing socio-economic impacts of forest sector change
	4.2.1 Introduction
	4.2.2 Review of previous assessment approaches
	4.2.3 Update of S-LCA framework to address Canadian biorefining implementation

	4.3 Tools for assessing forest sector change scenarios
	4.4 Definition and application of socio-economic measures of forest sector change
	4.4.1 Defining specific indicators
	4.4.2 Sourcing data for calculation of potential measures

	4.5 Conclusions
	4.6 References

	Chapter 5 Assessing biorefinery deployment
	5.1 Abstract
	5.2 Case communities for biorefinery scenario analysis
	5.2.1 Introduction
	5.2.2 Selection of case communities
	5.2.3 Application of the I-BIOREF model
	Note on financial data, currency units and conversions


	5.3 Case study 1 - Prince George, BC
	5.3.1 Community changes, 2001-2015
	5.3.2 Biorefinery option: Kraft mill plus LignoForce system
	Assessment of potential socio-economic impacts


	5.4 Case study 2 - Thunder Bay, ON
	5.4.1 Community changes, 2001-2015
	5.4.2 Biorefinery option: Thermomechanical pulping plus hot water extraction
	Assessment of potential socio-economic impacts


	5.5 Case study 3 - Corner Brook, NL
	5.5.1 Community changes, 2001-2015
	5.5.2 Biorefinery option: Thermomechanical pulping plus pyrolysis
	Assessment of potential socio-economic impacts


	5.6 Comparative community impacts
	5.6.1 Historic trends in socio-economic measures
	5.6.2 Impact of biorefinery deployment
	Impacts in Prince George
	Impacts in Thunder Bay
	Impacts in Corner Brook

	5.6.3 Other considerations

	5.7 Conclusions
	5.7.1 Case Study 1 - Kraft mill + LignoForce
	5.7.2 Case Study 2 - Thermomechanical mill + hot water extraction
	5.7.3 Case Study 3 - Thermomechanical pulp + flash pyrolysis
	5.7.4 Assessment of socio-economic indicators

	5.8 References
	5.9 Appendix A - I-BIOREF output definitions
	5.10 Appendix B - I-BIOREF outputs, Kraft + LignoForce
	5.11 Appendix C - I-BIOREF outputs, TMP + hot water extraction
	5.12 Appendix D - I-BIOREF outputs, TMP + pyrolysis

	Chapter 6 Conclusions
	6.1 Disruptive, structural changes in Canada’s forest products sector
	6.2 Policy environment and fostering biorefinery development
	6.3 Measures to assess socio-economic impacts
	6.4 Applying socio-economic measures in selected communities
	Kraft pulp + LignoForce
	TMP + hot water extraction
	TMP + flash pyrolysis
	Assessment of socio-economic indicators

	6.5 Future research needs


