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Canadian Bioeconomy: Highlights

• Canada’s Bioproducts Sector by the Numbers
• 208 firms employing 3,020 people
• $1.3 billion in revenues
• $433 million in exports
• $64.6 million invested in R & D
• 80 percent of firms are small and medium-sized 

enterprises (SMEs) and are seeking investors
• Active in biofuels, chemicals, plastics and composites, 

fibreboard, biocontrol agents and biocatalysts

Source: Accelerating the Circular Bioeconomy Market in Canada, January, 2021.
https://foresightcac.com/wp-content/uploads/2021/04/Accelerating-the-Circular-Bioeconomy-Market-
in-Canada_Report_FORESIGHT-1-1.pdf

• Circular bioeconomy markets

• Circular Bioeconomy involves the utilization and conversion 

of biobased materials from forestry, agriculture and 

marine ecosystems, as well as related industrial by-product 

streams and organic waste

• Growing markets in Canada:
• Strong bioproducts in construction, automotive and packaging

• Canada’s innovation and research ecosystem is strong and 
supportive of the bioeconomy

• Commercial bioproducts and solutions are available and some 
are starting to compete in global markets

• Bioproduct solutions are also being developed for home and 
personal care, textiles and pharmaceuticals sectors

https://foresightcac.com/wp-content/uploads/2021/04/Accelerating-the-Circular-Bioeconomy-Market-in-Canada_Report_FORESIGHT-1-1.pdf


Forest Bioeconomy Framework for Canada

Communities and 
Relationships

Supply of Forest 
Resources and 

Advanced 
Bioproducts

Demand for Forest 
Bioproducts and 

Services

Support for 
Innovation

• Developed by the Canadian Council 
of Forest Ministers and released in 
2018

• Biorefineries will mitigate climate 
change by reducing fossil CO2
emissions and producing sustainable 
fuels, materials and chemicals

• Lower GHG emissions are expected 
as forest biomass is increasingly 
used

Source: https://cfs.nrcan.gc.ca/pubwarehouse/pdfs/39162.pdf

https://cfs.nrcan.gc.ca/pubwarehouse/pdfs/39162.pdf


Circular Bioeconomy: Growing Opportunity

• A US$7.7 trillion global opportunity for business by 2030, spread across industries

Bioenergy & 
Biofuels

• Solid bioenergy incl. 
wood pellets (from 
by products)

• Liquid and gaseous 
biofuels (biodiesel, 
biomethane, 
cellulosic ethanol, 
renewable “drop-in” 
fuels)

Packaging

• Recyclable flexible 
packaging paper 
and paperboard

• Compostable 
bioplastics

Building & Construction 
Materials

• Circular wooden 
structures

• Composites 
reinforced with 
natural fibres

• Bio-based insulation 
materials

Textiles

• High-tech fibres

• Recyclable and 
compostable textiles

• Plant tanning agents

Components & 
chemicals

• Natural fibres for car 
parts

• Bio-lubricants

• Enzyme-based 
additives
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$150B $200B $400B $550B $350B $700B $400B $700B $400B $750B

$3.5B $9 B $12B $18B $10B $21B $14B $23B $20B $36B

Source: CEO Guide to the Circular Bioeconomy, World Business Council for Sustainable Development, Boston Consulting Group

https://gcdocs.gc.ca/nrcan-rncandav/nodes/60624310/blank_____


Circular Bioeconomy: Policy Drivers

Climate Goals

• Meeting or 
exceeding 40-
45% emissions 
reductions by 
2030

• Achieving net-
zero carbon by 
2050

• Transition to Low 
Carbon economy

Plastics and 
Circular Economy

• Zero Plastic 
Waste Strategy

• Support for 
innovation

• Developing 
Circular 
Economy goals

• Hosting the 
World Circular 
Economy Forum 
2021

Environment and 
Sustainability

• Protect and 
enhance 
biodiversity

• Increase 
Canada’s 
protected areas

• UN SDG’s

• Federal 
Sustainable 
Development 
Strategy

Bioeconomy

• CCFM Forest 
Bioeconomy 
Framework

• BIC Canada's  
Bioeconomy 
Strategy

• Support for 
innovation

• Nature-based 
solutions

• Planting 2B 
Trees

Economic 
Recovery

• Implementing a 
green economic 
recovery policy

• Inclusive growth

• Green 
infrastructure 
investments

• Support for 
industry 
transformation

• Rural resiliency



Canadian Forest Bioeconomy: Policy Initiatives

Standardization of new 

biomaterials, CSA/SCC/ISO

• Lignin and solid biofuels

• Cellulose nanomaterials

Forest Innovation Program 

Biorefinery Initiative 

• Collaboration of federal researchers, 

including on decision-support tools

Canadian National Standards for 

Biomass Supply Chain 

Risk/Finance

• Financial investment de-risking tool

• Canadian Transition Finance 

Taxonomy  

Natural Resources 

Canada/Innovation Solutions 

Canada

• Biodegradable plastics (with AAFC) 

and biofoam challenges

International Bioeconomy 

Forum

• Policy and research alignment to  

address horizontal challenges

Bioeconomy Indicators

• OECD Circular Economy Indicators

• Bioeconomy Indicators (e.g. national,   

international, etc.)



Implications of Policies in Canada’s Economy: Four Scenarios

Source: Council of Canadian Academies, 2021. Turning Point, Ottawa (ON). The Expert Panel on the Circular Economy in Canada, Council of Canadian Academies.

https://cca-reports.ca/wp-content/uploads/2021/11/Turning-Point_digital.pdf


Canadian Forest Bioeconomy: Examples of Large-Scale 
projects

• Green energy from waste
• Alberta Pacific Forest Industries created an opportunity to be the first pulp mill in 

the world to produce commercial grade purified biomethanol from its waste stream for 
use in operations and external sale ($10 millions project).

• Cellulose filament demonstration, application development and 
commercialization

• Kruger Biomaterials has built the world’s first commercial-scale facility producing up 
to 5 tonnes per day of cellulose filaments (FiloCell®), use to reinforce many materials 
such as thermoplastics, concrete, adhesives, and coatings ($43.6 millions project).

• Lignin recovery plant
• West Fraser has implemented an evolutionary lignin recovery process (LignoForce 

System ®) within its Hinton (Alberta) Kraft mill to produce 10,000 per year of dry pure 
lignin ($22 millions project).



Canada GHG Emissions: Climate Ambitions

• Paris Agreement (30% reduction by 
2030):

• Recent US Climate Summit indicates 
Canada will increase NDC to 40-45% 
below 2005 levels.

• Canadian Net-Zero Emissions 
Accountability Act

• Achieve net-zero emissions by 2050 with 
five-year emissions reduction targets.

• Strengthened Climate Plan: A Health 
Environment and a Healthy Economy

• Canada’s COVID-19 green recovery 
strategy, builds on the >50 economy-wide 
actions for emissions reduction, and $15B 
in investments in 2020.

CANADA'S 2019 GHG EMISSIONS (730MT) BREAKDOWN

https://laws-lois.justice.gc.ca/eng/acts/C-19.3/FullText.html


Advantages and Challenges for Canada’s Bioeconomy

• Canada contains the most biomass per capita in the world and 
represents 6.5% of the world’s theoretical bioenergy potential

• Canada is the second-largest exporter of forest products in the world and 
has mature and efficient wood fibre collection system

• Natural resources are under provincial jurisdictions
• Lack of harmonized policies across Canada

• Challenges to replicate circular bioeconomy business models

• Bioeconomy projects and related industrial symbiosis systems are designed for a specific 
location



IETS-Task XI: Industry-based Biorefineries towards 
Sustainability

• Objectives
• Develop industrial solutions serving the purpose of seeking deep decarbonisation of 

various sectors of the industry through the integration of biorefineries

• Promote systems analysis and decision support systems to accelerate the 
deployment of the bioeconomy

• Scope
• Biomass agnostic bioeconomy with an increased emphasis on technology pathways 

for deep decarbonisation of various industrial sectors through the integration of 
biorefineries, to ultimately achieve net zero or negative GHG emissions



IETS-Task XI: Industry-based Biorefineries towards 
Sustainability – Key Subtasks

• Decision support tools and ex-ante research for evaluating bioeconomy 
transformation strategies

• Initiated subtask

• Technology pathways towards negative/net -zero emission biorefineries
• New subtask

• Circular bioeconomy and biomass-oriented industrial symbiosis
• New subtask

• Artificial intelligence for biorefinery transformation
• New subtask



Industry-based biorefineries 
towards sustainability

(IETS-Task XI)

Decision 
support 

systems & ex-
ante research

Technology 
pathways 

towards net-
zero emissions 
biorefineries

Circular 
bioeconomy 
and biomass-

industrial 
symbiosis

Artificial 
intelligence for 

biorefinery 
transformation

Scenario analysis

Sustainability 
metrics

Circularity 
metrics

Eco-industrial parks

Digital twin of 
biorefinery systems

Systems 
engineeing

Energy and 
GHG intensities

Multi-criteria 
analysis methodsTEA/LCA

Decarbonization

(Biomass agnostic)

Carbon 
circulation

Mass and energy 
integration Machine learning for 

prediction of biomass-
to-bioproducts yields 

Reduced 
wastes

 IETS/Task XX

 IEA 
Bioenergy

Task 45

 IEA 
Bioenergy

Task 42
 IETS/Task XXI

 IETS/Task 
XVIII

 IEA 
Bioenergy

Task 42

 IETS/Task 
XVII

IETS-Task XI: Industry-based Biorefineries towards 
Sustainability - Collaboration



Decision Support Systems and Ex-ante: Drivers and 
Challenges for Decision Making in Bioeconomy Context

• Identifying successful bioeconomy strategies remains complex due to 
uncertainties, such as

• Emerging technologies, yet to be demonstrated at large scale

• Performance and market adoption of bio-based products

• High cost of bioproducts relative to fossil-based alternatives

• Relatively high investment costs and limited access to financing

• Critical decisions are made early in the strategy definition process, when 
uncertainty is still high, while there is lack of reliable information

• No initiative can be completely de-risked; however, the use of 
appropriate Decision Support tools can assist in mitigating risks



Role of Decision Support Tools in Bioeconomy

Impacts/Scenarios

DSS

Data

Models 
& Tools

Knowledge

Technical

Economic

Environmental

Social

Policy/Legal

Supply Chain

Result interpretations: 

Numerical or Visual Graphic 

aids in a User Interface 

Decision



I-BIOREF Decision Support Tool
• I-BIOREF is a project modelling and evaluation tool for creating biorefinery 

projects in a stepwise manner, and quantifying its technical, economic, 
environmental and socio-economic impacts

• The combination of modelling tools, decision metrics and scenario analysis 
into a single platform is a strong advantage

Flexible 

architecture Multiple databases

Various industrial 

plants and Biorefinery 

technologies

Location-specific 

project assessment

Scenario 

analysis

50+ Multidisciplinary 

decision metrics

Results extraction and 

graphing functionality

The I-BIOREF software platform provides a multidisciplinary approach helping to identify and mitigate risks
associated with stand-alone and integrated bioeconomy projects



Workshop on Circular Bioeconomy and Biomass-based 
Industrial Symbiosis

• Objectives
• Review the emerging trends and challenges of industrial-based 

symbiosis systems to accelerate the growth of circular bioeconomy

• Identify optimised solutions based on circularity approaches

• Develop methodologies to assess the potential for establishing industrial 
symbiosis involving biorefineries and other industrial systems using 
biomass

• Develop harmonized circularity metrics

• Projected date
• Week of February 14th, 2022

• Virtual event led by Portugal, member of Task XI
• Prof. Isabel Cabrita (isabel.cabrita@iseclisboa.pt) and Prof. Jorge Costa 

(jorge.costa@iseclisboa.pt) from the Institute for Higher Studies on 
Education and Science, Lisboa

mailto:isabel.cabrita@iseclisboa.pt
mailto:jorge.costa@iseclisboa.pt
https://www.iseclisboa.pt/index.php/en/isec-lisboa/isec-lisboa


Take-Away Messages

• Canadian biomass is an economic development engine: about 132,000 jobs and nearly $31 billion 
of economic benefit

• Biomass is currently the No. 2 producer of renewable energy in Canada, accounting for 28% of all 
renewable energy in Canada (electricity accounts for 68%)

• The bioeconomy is an opportunity to get ahead of the future energy curve worldwide.

• Flexible decision support tools enables assessment of scale-up risks and opportunities for biorefinery 
pathways

• The circular bioeconomy is an imperative. Only 6.1% of materials entering the Canadian economy 
come from recycled sources, i.e. it is a turning point and the circular bioeconomy calls for 
substantial changes.

• Adopting circular practices comparable to those of the Circular Economy EU27 or France targets will 
increase Canada’s circularity rate from 6.1% to 14.4% or 21.3%, respectively, by 2040.

• Biomass-based industrial symbiosis is a key plank of the circular bioeconomy

• Industrial symbiosis and climate and other policies are key strategies to achieving longer-term 
objectives related to emerging issues such as Net-Zero and the Circular Economy

• IETS Task XI Subtasks are orienting in this direction to be executed over the next 3 years
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