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Abstract
The food and beverage industry in Canada, generates large volumes of single-use plastic waste as a result of its packaging materials.  Utilizing compostable bioplastics in food and beverage packaging can provide an improved environmental performance alternative to conventional fossil-based plastics. Recycling efforts across Canada have historically placed effort on conventional plastics recycling to capture and manage the ubiquitous single-use plastics. However, through industry research and policy review, this report shows that the conventional recycling approach fails to effectively manage this stream. The report supports the adoption of compostable bioplastics as a practical alternative, but understands that its success requires more coordinated and adopted standardized terminology, government regulations and policy incentives to provide the impetus for food and beverage manufacturers to shift towards the adoption of compostable bioplastics as a practical solution to addressing the environmental performance issues associated with fossil-based, single-use plastics.
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[bookmark: _Toc56580239]INTRODUCTION 	Comment by Lee Ferguson: Overall, very nice overview/intro but the PRIMARY thing missing from this introduction is a clear and compelling statement of your hypothesis.
Canadians are known to have a strong love and respect for the environment; they love the outdoors and react passionately to its protection and conservation. Canadians are more conscious and connected to environmental issues via information technology.  There are growing concerns over the sustainability of every aspect of human interaction with the environment. The Canadian sustainable development Act frames sustainable development as being based on an ecologically efficient use of natural, social and economic resources and acknowledges the need to integrate environmental, economic and social priorities into policies programs and requires participation from citizens, industry, and governments (Government of Canada, 2008) .  Resulting from this heightened awareness, every industry has come under some level of scrutiny by their consumers, where the ultimate expectation is an improved environmental performance of their processes and resulting products.  As a result, consumers can exert influence through their buying power. They are spending more of their cash on products and services that align with their values, especially in the area of product life cycle and effects on people and the environment. Adopting compostable bioplastics as an alternative to conventional fossil-fuel plastics can satiate the consumers desire for single-use plastics with superior environmental performance. With improved coordination and standardized terminology, government regulations and policy incentives to provide the impetus for food and beverage manufacturers to shift towards the adoption of compostable bioplastics as a practical solution to addressing the environmental performance issues associated with fossil-based, single-use plastics. 

[bookmark: _Toc56580240]
OVERVIEW OF THE FOOD AND BEVERAGE INDUSTRY IN CANADA
Canada’s Food and beverage processing is the largest manufacturing sector in most Canadian provinces, but overall, represents the second largest manufacturing industry in terms of production value, with annual sales of $117.8 billion and employing 290,000 Canadians in 2019 (Government of Canada, 2020) (19). These numbers demonstrate the improved performance when compared to 2016 when the food and beverage supply chain employed 256,456 representing 17.3% of the total manufacturing workforce (Government of Canada, 2017). The industry provides roughly 75% of all processed food and beverage products offered in Canada and is the leading buyer of agricultural products (Government of Canada, 2017).  The Agriculture and Agri-food system is vital to the Canadian economy (Agriculture and Agri-Food Canada, 2020) (4), in 2016, it generated 6.7% of Canada’s Gross Domestic Product (being $111.9 billion). Of all the agricultural raw inputs into the industry, roughly 40% is exported in a raw state, 15% is distributed directly to consumers or for non-food uses and approximately 45% is marketed as processed food through the food and beverage processing sector (Agriculture and Agri-Food Canada, 2020)(4).  It is pertinent to point out that packaging which is widely used in the food and beverage industry generates 43% of total plastic waste, followed by the automotive and construction industry (Deloitte, 2019) .
[bookmark: _Toc56580241]OVERVIEW OF THE PLASTICS INDUSTRY IN CANADA
Conventional Plastics or petroleum-based plastics continue to play an important role in shaping Canadian economies similarly to its impacts in other nations. Driven by their relative low cost; unmatched versatility; and durability, these seemingly unmatched qualities have led to the adoption of these plastics across many industrial sectors. Plastics manufacturing in Canada is the largest petroleum consumer second only to energy generation and when referenced against its proportion of global resin consumption, it produces about 2 percent of the total world volume of plastic products (Government of Canada, 2020). Plastic resins and products are estimated at C$ 35 billion and account for over 5% of sales in the Canadian manufacturing sector, employing 93,000 people in 1932 establishments. A seminal document prepared for Environment and Climate Change Canada (ECCC) in 2019, provides a very detailed and thought-provoking economic study of the plastic industry in Canada (Deloitte, 2019). They opined that the plastics industry in Canada can be described as resembling a linear economy where outputs are rarely feedback into the process. This is exemplified by the rate of plastics recycling, which in 2016 was estimated at only nine percent of plastic waste (Parker, 2018), four percent was incinerated with energy recovery, eighty six percent landfilled, while one percent was released into the environment (Deloitte, 2019).  When compared to global recycling statistics, Canada is on par with the global recycling rate in 2015 which has hovered at nine percent while twelve percent was incinerated and seventy nine percent accumulated in landfills or the natural environment (Geyer, 2017). The 2016 global statistics from the World Bank’s “Trends in Solid Management” were given as follows: recycling rate of almost fourteen percent, incineration of eleven percent, compost of five percent, landfill and open dumps of seventy percent and other less than half of one percent (World Bank). The latter figures, 2016 global statistics are shown in Figure 1below.	Comment by Lee Ferguson: How does this compare to global trends?	Comment by Lee Ferguson: Again, it would be good to frame this compared to other economies.



	
	
	
	
	
	
	
	
	

	
	



	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	                 FIGURE 1 - Global Plastic Waste Treatment
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	https://datatopics.worldbank.org/what-a-waste/trends_in_solid_waste_management.html
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Since 2016, geopolitical attitudes and economic relationships between nations have shifted. Countries such as China and the Philippines which previously accepted recyclable plastic waste have adopted a change in attitude toward receiving these materials. These nations which now reject the importation of plastic waste have impacted the rate of recycling in Canada. Figure 2, demonstrates a steady decline of recyclable plastics exports, resulting in a calculated 63.18% reduction from 2017 to 2020. The downward slope of the trend of plastics and products exports indicate that by 2021, the exports of plastic waste numbers will be negligible.
[image: ]
This observation is relevant because new markets, recycling innovations or designs and mix of products are necessary to handle these banned exports or there will be a huge increase in plastic waste disposed of in landfills. 
An economic study of the Canadian plastic industry commissioned by the ECCC suggested that if there is no change in policies and approaches to the current method of doing business then by the year 2030, from an economic standpoint, the lost opportunity to Canada from the resin used to produce the plastics, will be in the region of CA$11.1billion from CA$7.8billion in 2016 (Deloitte, 2019). To this end, from a policy perspective the ECCC report recommended a systemic, harmonized and concerted approach with all areas working concurrently to achieve the low or zero plastic waste expectation. By way of Summary, they listed five areas to be reviewed a) creation of a viable secondary end market, b) increase plastics collection participation, c) support and expand all value recovery options, d) increase efficiency through the recycling change by product design, investment in sorting, education etc. e) extend lifetime to delay waste generation (Deloitte, 2019) .	Comment by Lee Ferguson: Specify which
As part of its 2018 G7 presidency, Canada spear headed the Ocean Plastics Charter which had as its main goal to stop plastic waste and their flow into the environment (Ocean Plastics Charter, 2020) .
In June 2019, Canadian Council of Ministers of the Environment (CCME) released the first stage of the action plan to implement the Canada wide strategy on Zero Plastic Waste followed by the second plan in July 2020 to address remaining actions to achieve this plan (CCME, 2019) 
 According to the Government of Canada, single-use or semi-disposable products and packaging are responsible for approximately one-third of the plastics used within its borders. Canadians consume up to 15 billion plastic bags annually and nearly 57 million straws daily (Trudeau, 2020) . 
Environmental Defence, a Canadian group supported by many companies, in their proposal for achieving zero waste by 2030 have included among their suggestions the establishment of product design standards and the building of a circular economy plan in the developing world (Environment Defence, 2020) .
In a global study conducted by Geyer et al in 2017, the writers looking at waste generation and fate illustrated that there would be a significant increase in plastic waste. Their methodology involved using plastic characterized by discretized log-normal distributions, with sensitivity analysis conducted on mean product lifetimes. Secondary plastic waste was also provided for as a factor of waste recycled in prior years and was based on the average use time of the secondary plastics. Quantities of plastic waste disposed and incinerated were calculated based on the global disposed and incineration rates. The results indicated that global non-fiber recycling rate increased at a constant  0.7% annually between 1980 and 2014. They concluded that if the linear trend continued, a 44% attainment in global recycling could be realized by 2050. Referring to the incineration rate, the study revealed that between 1980 and 2014, there was roughly an increase of 0.7% averagely. Thus, leading to the assumption that the incineration rate could reach 50% by 2050. Based on these two assumptions and thus based on historical global trends they explained that the global disposal rate could decrease from 58% in 2014 to 6% in 2050 (Geyer, 2017).
[bookmark: _Toc56580242]DEFINITIONS
      
Compostable Plastic: Plastic that undergoes degradation by biological processes during composting to yield CO2, water, inorganic compounds, and biomass at a rate consistent with other known compostable materials and that leaves no visible, distinguishable, or toxic residue (ASTM, 2019) 
Degradation: The partial or complete breakdown of a polymer as a result of a process e.g. UV radiation, oxygen attack, biological attack. This implies alteration of the properties, such as discoloration, surface cracking, and fragmentation (UNEP, 2015).
Biodegradation: Biological process of organic matter, which is completely or partially converted to water, CO2/methane, energy and new biomass by bacteria and fungi.
Mineralization: Defined here, in the context of polymer degradation, as the complete breakdown of a polymer as a result of the combined abiotic and microbial activity, into CO2, water, methane, hydrogen, ammonia and other simple inorganic compounds (UNEP, 2015).
 Oxo-degradable: Containing a pro-oxidant that induces degradation under favorable conditions. Complete breakdown of the polymers and biodegradation still must be proven (UNEP, 2015).
[bookmark: _Toc56580243]METHODOLOGY AND OBSERVATIONS
       
A review of the literature was conducted to obtain the Canadian and Global perspective of waste. It was necessary to establish why plastics continued to grow in prominence and why alternatives were not quickly adopted. Statistics on waste produced and disposed of in Canada and globally were examined and comparative volumes of waste types diverted over the years were reviewed to establish sectors that were making improvement. This was necessary to examine the degree of compliance with the various regulatory authorities in different jurisdictions and the response following the staggering numbers reported. The historical comparison showed that there were no material changes in volumes of plastic diverted and recycled (Table 1).  
[image: ]
[bookmark: _Toc53213820]Table 1: Statistics Canada. Table 38-10-0034-01 Materials diverted, by type
A cursory review was conducted of scientific models used to arrive at estimated waste disposal volumes and waste diversion by sector. World bank estimated that global waste will hit 3.40 billion tonnes in 2050 from 2.01billion tonnes in 2016 (Kaza, Yao, Bhada-Tata, & Frank, 2018). In 2016, globally, plastics at 242 million tonnes generated twelve percent of waste, while in Canada, at 3.2 million tonnes nine percent of plastic waste was generated (Deloitte, 2019). It was also clear that the damaging and negative effects on the environment arising from the phenomenal growth in plastic usage over the years and especially in the last few years need to be addressed urgently. None of the main factors responsible for this growth namely, economic development, rapid urbanization, population growth, exceptional activities like pandemic viruses (Covid 19), and other natural hazards are likely to recede.

Source://datatopics.worldbank.org/what-a-aste/trends_in_solid_waste_management.html
Figure 3. Global Waste Composition. 	Comment by Lee Ferguson: This graphic (and others) is very fuzzy.  Can you either reproduce the figure or use a higher-resolution version?
Having made a case for change and noted the alternatives to conventional plastics, an analysis was conducted of the barriers and setbacks to the implementation of some of them. The initial challenge was associated with navigating the complex and technical nature of plastics, their function and use in various applications. Additionally, effort was spent identifying detailed definitions and delineating practical functionality from greenwashing. Another notable finding encountered while reviewing solid waste policies across Canada was in the failure of by-laws to address viable alternatives to conventional plastics. It was revealing to find that some municipalities banned compostable plastic (Table 2). 	Comment by Lee Ferguson: This discussion is difficult to follow.  I cannot see if you are arguing for or against banning compostable plastic.  Also, there are no references here supporting your arguments.  Can you clarify?


	

	 
	 
	Single Use Plastic Bags
	 Plastic Straws
	Food packaging 

	Location
	 
	Including Biodegradable/ Compostable Banned
	Including Biodegradable/ Compostable Banned
	Including Biodegradable/ Compostable Banned

	 
	 
	YES
	NO
	YES
	NO
	YES
	NO

	 
	 
	Values represent number municipalities in each category

	AB
	
	               3 
	               1 
	                - 
	                - 
	                - 
	                - 

	BC
	
	             10 
	               4 
	               7 
	               1 
	                - 
	               2 

	MB
	
	               1 
	               2 
	                - 
	                - 
	                - 
	                - 

	NB
	
	               3 
	                - 
	                - 
	                - 
	                - 
	                - 

	NL
	
	                - 
	               2 
	                - 
	                - 
	                - 
	                - 

	NS
	
	               1 
	                - 
	                - 
	                - 
	                - 
	                - 

	ON
	
	               2 
	                - 
	                - 
	               2 
	                - 
	               1 

	PEI
	
	               1 
	                - 
	                - 
	                - 
	                - 
	                - 

	QC
	
	             44 
	               3 
	                - 
	                - 
	                - 
	                - 

	QS
	
	                - 
	               1 
	                - 
	                - 
	                - 
	                - 

	SK
	
	               1 
	                - 
	                - 
	                - 
	                - 
	                - 

	YT
	
	               1 
	                - 
	               1 
	                - 
	               1 
	                - 

	 
	
	 
	 
	
	
	 
	 

	 
	 
	             67 
	             13 
	               8 
	               3 
	               1 
	               3 

	*Values represent number municipalities in each province for each category

	Table 2: Review of Polices on Food Packaging, Single-use Plastic and Plastic Straws Across Canada. (Retail Council of Canada , 2020)     
	



This demonstrates a lack awareness of the larger picture. The short-sighted approach by these municipal governments does not properly consider the advantages of co-recycling single-use compostable plastics with other organic waste in industrial composting facilities. The ECCC report advised a position that bio-based compostable plastics was preferable because they can be composted and co processed along with organics (Deloitte, 2019). In order to be successful, it is imperative that a national ban be placed on all non-certified compostable plastics, this coupled with an easily identifiable format, new and different to traditional plastics will help consumers to correctly exercise their choices. Furthermore, the Federal government should integrate bio-based compostable plastics as part of their national strategy as a means to address end of life management of single plastic as it offers multiple benefits. For example, directly and indirectly, by default it will be prudent to provide more support, financially and otherwise to fund new or expansions to composting facilities. Concurrently, it supports GHG offsets related to organic diversion landfills. If a product is banned without proffering or rather mandating acceptable alternatives this makes way for partial success of a law or regulation. 

[bookmark: _Toc56580244]DISCUSSIONS
[bookmark: _Toc56580245]COMPOSTABLE, BIO-BASED PLASTICS	Comment by Lee Ferguson: Spelling error?
One of the focal points in Canadas strategy for zero plastic waste highlighted the need to develop a roadmap and concrete measures on product design to address single use and disposable plastics that are most prevalently released into the environment. It focused on single-use plastics, collection systems including recycling capacity and end-markets (CCME, 2019),   while studies, experiments and discussions on the second phase are ongoing. This paper follows the discussions and notes the conundrums being encountered.	Comment by Lee Ferguson: What did he do to address this, exactly?
Compostable Plastics are those that undergo degradation by biological processes during the composting process to yield CO2, water, inorganic compounds, and biomass at a rate consistent with other known compostable materials without leaving visible, distinguishable, or toxic residue (World Bank, 2020). A common fallacy is that bio-based and biodegradable are interchangeable. Fundamentally, not all bio-based plastics are biodegradable or compostable. Further, not all biodegradable plastics are compostable. In fact, some of these bio-based plastics are altered to behave in an almost identical manner to conventional plastics. Examples of these are plant based Polyethylene (PE) developed by Brazilian firm Braskem and adopted by Lego and Polyethylene terephthalate (PET), unveiled by Coca-Cola as Plant bottle in 2015 (Mines, 2018).  The most prominent international certification bodies recognized which have developed clear standards and certifications for plastics which meet the criterial for being identified as being compostable are Biodegradable Products Institute (BPI), International Organization for Standardization (ISO), and the American Society for Testing and Materials (ASTM). For the purpose of this project, the terms “biodegradable” and “compostable” shall both refer to items that conform to these standards. To be certified by the aforementioned bodies, biodegradable plastics generally must meet the following criteria:	Comment by Lee Ferguson: But aren’t most PET and PE plastics petrochemical-based?	Comment by Lee Ferguson: These criteria seem to be fairly weak and likely difficult to enforce/evaluate.	Comment by Ferreira, Femi: Possibly, but these are the general standards that must be met before a product can be certified and use any certifying insignia
1. Be composed of organic chemicals, which can be natural or synthetic.
2. Disintegrate by 90% into particle sizes smaller than 2mm within 12 weeks, and compost completely within 6 months in an industrial composting facility.
3. Not inhibit the industrial composting process.
4. Not have ecotoxic effects on the soil produced (Bastioli, 2014a).
These criteria ensure that materials that possess these qualities can be diverted to an industrial composting facility where they are subjected to the precise conditions that facilitate their effective degradation. Other methods such as backyard composting, landfilling or degradation in other natural settings such as lakes, oceans are not acceptable means of effectively degrading compostable plastics due to their lack of dense thermophilic microbiological activity found in industrial composting facilities.
[bookmark: _Toc56580246]TYPES OF BIOBASED AND COMPOSTABLE PLASTICS 
	Comment by Lee Ferguson: Can you give some data from the literature for each of these and how quickly they degrade in composting etc?	Comment by Ferreira, Femi: These is some information. However they are certified by say BPI they must meet certain criteria. The Biodegradable Products Institute (BPI) is an active trade association that provides independent third party verification to ensure that a product has been tested by a laboratory that uses proper ASTM methods and has met the pass/fail criteria
[bookmark: _Toc56580247]Thermoplastic starch (TPS)
This biopolymer uses starch derived from crops such as maize, wheat, potato as its source material. The biopolymer is Chemically altered with the addition of additives such as water and plasticizers such as glycerin to form a material that is extrudable and easy to process.  This format of plastic is characterized by being hydrophilic and is typically blended with other plastics to achieve improved properties and wider product application.   Some product applications for this type of plastic include bags, cups and disposable dishes (Smart Prosperity Insitute, 2019). Agrana, an Austrian based industrial agricultural company, developed AGENACOMP, a 50:50 blend of thermoplastic starch and a biologically degradable polyester which results in a bioplastic compound which claims to be compostable at home (AGRANA, 2018). Agrana claims to have achieved this by increasing the starch content of the product above the market standard of around 25% (AGRANA, 2018). Certified under TÜV Austria, a certification body recognized throughout the European Union, AGENACOMPs evaluation revealed 100% degradation without microplastic residues. Areas of opportunity exist for Agrana’s new bioplastic compound, offering a variety of thickness options for plastic bags and packaging film (AGRANA, 2018).	Comment by Lee Ferguson: Can this be cited in the literature?
[bookmark: _Toc56580248]Polylactic acid (PLA) 
PLAs are based on the conversion of sugar into lactic acid via fermentation including a polymerization stage. The result of the multi-stage process produces a plastic characterized by high transparency and mechanical strength which may be processed by conventional methods such as injection molding, extrusion, thermoforming.  PLAs characteristics can be tailored by altering the mixing ratio of the stereoisomers of the lactic acid namely, poly-D-lactide (PDLA) and poly-L-lactide (PLLA). Since the fermentation process primarily produces L-lactic acid, the PLA formula for packaging applications typically consists of PLLA with an addition of PDLA in the low percentage range. While the resulting material typically provides a poor water barrier, it offers a good oxygen barrier and can be used in the manufacture of bottles, trays, films and other containers. Similar to TPS, PLA is easily degradable under industrial composting conditions (>60C , in the presence of moisture and oxygen) (Marta Musioł, 2016) and is often utilized in blends (Smart Prosperity Insitute, 2019). 
[bookmark: _Toc56580249][bookmark: _Hlk46133740]Polyhydroxyalkanoates (PHA) 
PHAs are biogenic polyesters which are produced by fermentation. Polyhydroxybutyric acid (PHB) and polyhydroxybutyrate valerate (PHBV) represent the most important plastics within the PHA group due to their ease of processing. They lend easily to extrusion, injection molding and are degradable.  These plastics are characterized by their resistance to water and grease.  Further they exhibit superior gas barrier properties which exceed those of other biodegradable plastics (such as PLA). The low availability and relatively high price of the PHAs are barriers preventing its penetration into the market (Smart Prosperity Insitute, 2019). 
[bookmark: _Toc56580250]Cellulose Derivatives 
These are polymers that are based on the polysaccharide cellulose. Viscose – which is, technically speaking, not a plastic – is transparent and is made up of short cellulose fragments that can be chemically modified to make them soluble and thus malleable. The material cannot be melted or deformed under heat and pressure due to the high number of hydroxyl groups and the resulting presence of hydrogen bonds. Accordingly, it is not heat-sealable; on account of its composition, it is also water-sensitive. For this reason and because of the relatively high costs, cellophane is usually coated with other plastics or even replaced by them (Smart Prosperity Insitute, 2019).	Comment by Lee Ferguson: Isn’t the actual polymer name for cellphane viscose?	Comment by Ferreira, Femi:  Correct.  
[bookmark: _Toc56580251]Cellulose Acetate 
This bioplastic has the ability to be heat sealable and offers a higher level of stability when exposed to moisture. This is attributed to the presence of acetyl groups and the resulting reduced number of hydrogen bonds and added plasticizers. When compared to cellophane, cellulose acetate the barrier properties of this plastic lag behind cellophane (Smart Prosperity Insitute, 2019)
[bookmark: _Toc56580252]Polybutylene succinate (PBS) 
PBS is produced as a polyester by creating a synthetic reaction of the raw materials succinic acid and butanediol. PBS is suited well to produce films, bottles and other packaging. PBS is similar in comparison to the conventional plastics LDPE (low density polyethylene) and can be blended with materials such as PLA, PHA and TPS. (Smart Prosperity Insitute, 2019)
[bookmark: _Toc56580253]MOTIVATION FOR THE ADOPTION OF COMPOSTABLE BIOPLASTICS 

A key driver in the transition towards more sustainable packaging alternatives in the food and beverage industry are the adverse environmental implications associated with conventional consumer packaging.  During the life cycle of conventional plastic packaging, environmental impacts such as Greenhouse gasses, water pollution (physical and biochemical) and unmanageable waste generation are a stark reality.  Conventional plastics pose a unique challenge with respect to its fate in the environment. Based primarily on non-renewable fossil fuels (City of Calgary , 2020), conventional plastics persist in the environment long after they are used and disposed of. This characteristic is compounded by the observation that a significant segment of plastic produced each year is used to manufacture disposable packaging or other semi-disposable products are discarded within a year of manufacture (Deloitte, 2019). This is especially apparent in the food and beverage industry where consumables with short shelf-life are frequently co-packaged with plastics that can persist in the environment for exponentially longer than the product which has been consumed. It is principally for these environmental reasons that consumers have begun to push for alternatives that focus largely on the ability of these materials to be assimilated into a circular economy with improved environmental performance.   With 87 percent of all plastic waste being landfilled or leaked into the environment (Deloitte, 2019), biodegradable bioplastics offer benefits in that they can be diverted to industrial composting facilities, where they can be readily co-processed with other organic waste streams.  This benefit shows immense value in cases where food contamination creates challenges for recyclable plastics and where organics are banned from landfills. In a time where the use of fossil fuels is largely perceived as an afront to both human and environmental wellbeing, plastics production and use appear to trail closely in terms of the negative associations to environmental degradation. Further, the plastics industry like many others are heavily reliant on the finite stocks of fossil fuels. These fuels account for more than 90 % of the feedstocks required for plastics packaging production as the recycling of plastics into packaging applications is limited.  Current projections indicate that plastics will account for 20% of total oil consumption by 2050 which translates into a 3.5 % increase annually until 2030 (IEA, 2015).   An important observation is when the projected rate of oil use for plastics production is compared against the overall projected demand for oil of 0.5% annually, oil for plastics production outpaces the overall demand for oil (IEA, 2015).   
[bookmark: _Toc56580254]BARRIERS TO DEVELOPMENT AND ADOPTION
[bookmark: _Toc56580255]Environmental Performance	Comment by Lee Ferguson: Can you include hard data on degradation rates and comparisons to petrochemically-sourced polymers?  That would be far more quantitative and help your argument.
Bioplastics are advertised as being able to help reduce carbon emissions as they generate fewer carbon emissions over their life cycle because growing plants store carbon which would be released if and when the bioplastics are burned or decomposed, however, research has shown that within the supply chain of these green products, significant emissions are being generated. Clearly, an adjustment will have to be made for this factor to arrive at the net savings. Another aspect that is of grave concern to many environmentalists is the fact that the conversion of rain forests and savannahs for agricultural purposes to grow crops dedicated to bio products will result in a net deficit savings in emissions, in other words they actually create a “carbon debt” because the CO2 released would be more than the savings in annual greenhouse gas reductions due to the bio plastics instead of conventional plastic (Piemonte & Gironi, 2011). 
The Canadian Broadcasting Council has reported that some compostable plastics such as PLA used in making drinking cups and plastic cutlery are not accepted by some municipal composting programs in Canada and are still sent to landfills (Chung, 2020). A study by Krause J. et al has indicated that PLA may generate significant quantities of methane in an anaerobic landfill environment., which can reach thermophilic temperatures, and the current assumption of PLA as an absolute carbon sink in landfills is incorrect (Krause & Townsend, 2016).
Yet another study, revealed that PLA may not break down in the time frame being publicized by its proponents (Peelman, et al., 2013) . The findings in this report raises concern because it not only questioned the validity of the claims of the biodegradability of the material in a marine environment but also opined that the materials may also face challenges in recycling. When comparing compostable bio-based plastics degradation to conventional plastics, available literature on plastics degradation under various environmental conditions is disproportionately scarce. Further, there is little data available in regards to the rate at which plastics degrade in the environment, pathways to degradation and factors that affect the process of plastics degradation (Chamas, et al., 2020). In a general, biobased compostable plastics which have been certified as being  compostable by a recognized certification body will likely biodegrade  much more effectively and quickly than conventional fossil-based plastics which are not designed to readily decomposed in specific environments and conditions..  
[bookmark: _Toc56580256]Consumer Awareness and Education
As long as eco-awareness has been in existence, there have been many innovations that have appeared on-the-scene to fill the void for demand in sustainable products. Along with these innovations come extensive marketing aimed at highlighting and extoling the virtues of the products. It is not uncommon to embellish the features and benefits of a product, a phenomenon referred to as greenwashing. In the realm of sustainable plastics, numerous instances of greenwashing can be found especially given that is a relatively new category with little in the way of standardization, creating a fee for all situation. For example, packaging that degraded in the environment were touted as biodegradable, while in fact they were Oxo-degradable. These are conventional plastics to which chemicals were added to accelerate oxidation and fragmentation when exposed to ultra-violet light, heat and oxygen.  While they may appear to degrade, they do so by chemical reactions and not by the biological means that compostable plastics biodegrade. Furthermore, this type of degradable plastic, when subjected to the specific conditions, would degrade into increasingly smaller plastic particles, further contributing the growing issue of micro plastics in the environment.  There also appears to be prevalent misunderstandings among the general public regarding the applicability of terms such as biobased, biodegradable and compostable to various plastics offerings in the market.  For example, not all bio-based plastics are bio-degradable and not all bio-degradable plastics are considered compostable. Figure 4 illustrates the relationships between these terms and their biodegradability. It can be reasoned that this confusion along with rampant greenwashing has contributed to hindering the adoption of compostable bioplastics.



[image: ]
Figure 4: Plastics Environmental Performance Chart	Comment by Lee Ferguson: Can this be quantified?  It would be much better to plot this using data instead of asserting regions here.
[bookmark: _Toc56580257]Material and Technical Limitations	Comment by Lee Ferguson: This seems to be a very important consideration, but the discussion here is very limited with no literature cited.  I suggest putting more meat into this section.
The food and beverage industry’s dynamic with packaging is truly unique and complicated when compared to other applications of packaging and general plastics use.  The highly perishable nature of food products, regulatory requirements; increasingly complex supply chains and consumers preferences towards reducing preservatives in packaged foods are big drivers for the growing need for high performance packaging that ensures, the safety and freshness while maintaining the aesthetics of the product. It is only recently that plant-based plastics can be said to be competitive against their traditional fossil-fuel alternatives in some applications areas while delivering on these attributes.  Despite these advancements, many of the compostable plastics   are still being improved upon and have significant ground to cover regarding multi-application performance when compared to the alternatives.
[bookmark: _Toc56580258]Recovery Incompatibilities	Comment by Lee Ferguson: Please add citations for your arguments here.
Once recyclable materials enter a typical Material Recovery Facility, they are subjected to automated and manual sorting to identify and sort the various classes of plastics to their accumulation point prior to compression and baling.  Some of the technologies that exist include near-infrared, optical color recognition systems which can detect the chemical signatures or analytical markers of the materials (Hopewell, Dvorak, & Kosior, 2009). However, most Canadian material recovery facilities are unable to readily identify compostable plastics by this method resulting in increased manual sorting and disposal of the material via landfilling or incineration. This discrepancy poses a challenge for recyclers as they must bear the added costs of increased manual sorting and potential contamination of their recyclables by plastics which are not designed to be recycled by conventional means (Deloitte, 2019). The introduction of compostable plastics into the plastics recycling process adds to the complexity and increases contamination concentrations of the recycling stream. Essentially, any increase in complexity and contamination, the more challenging it becomes for automated separation (Deloitte, 2019). In an industry where it is essential to produce a high quality and homogenous end-products to remain economically viable, any factor that affects these qualities pose a serious risk to the industry. 
[bookmark: _Toc56580259]Composting Infrastructure Deficiency
Given that these compostable bioplastics would require some of the same infrastructure as the organics stream, they are subject to some of the same infrastructure barriers which organics diversion programs may face. Furthermore, the observation that very few provinces and cities across Canada have not developed nor implemented strategies or policies geared at diverting methane forming organics from landfills. In 2016, the Canadian Council of Ministers of the Environment (CCME) undertook a national survey aimed at identifying stakeholder views of opportunities and barriers for organics waste reduction and diversion in Canada. The survey identified a lack of funding as one of the barriers facing organics diversion programs (GHD; 2cg , 2016).  While government can play a large role in meeting the funding gap, the Compost Council of Canada’s Susan Antler, proposes industry should be responsible for composting its waste. She has pointed out that while blue box funding has been on the rise annually to manage the recyclables which make up 15 to 20% of the waste stream, organics which makes up 40-50% of the waste stream has never received industry funding (Vasil, 2019). 
[bookmark: _Toc56580260]Policy Barriers	Comment by Lee Ferguson: I would suggest including the actual legislation numbers/dates/titles that are relevant here, along with specific actions that are mandated by the legislation.
Canadas waste policy largely falls under the jurisdiction of provincial, territorial and municipal governments in Canada. While this approach offers individual provinces and territories flexibility in tailoring laws and by-laws which may be best suited for their circumstances and unique geopolitical inclinations, it creates a patchwork of legislation that fails to provide impactful results on a national scale. 
This fragmented approach does not lend itself to having a strong lobby or influence on wider industry nor does it appear to foster innovation. Innovation, typically driven by necessity often requires an economic justification for researching and developing a product and in this case, compostable plastics. For example, a national comprehensive and harmonized plastics policy could essentially foster the required economic justification for increased investments in these areas. As it is now, there are substantial number jurisdictions that have implemented single use plastics policies which aim to limit the quantity, applications of single use plastics and in some cases implemented outright bans on all single use plastics (Table 2). Furthermore, due to the inconsistency of plastics related policy across the nation, contradictions and conflicts with other policies and goals arise.  An example of such conflict is the newly implement single-use plastics Bylaw No. 2019-10 in Dawson City, Yukon territory. Coming into effect on April 22, 2020, the by-law effectively prohibits businesses from providing customers with a series of single-use plastics. While the intent of the bylaw aims to regulate the business use of single use plastics to reduce the creation of waste and associated municipal costs, to better steward municipal property, including sewers, streets and parks, and to promote responsible and sustainable business practices that are consistent with the values of the community (City Of Dawson, 2020), it specifically prohibits single-use compostable plastics under the broader category of a single-use plastic. While this approach directly aims to reduce the prevalence of single use plastics, it also failed to consider that compostable plastics were innovated in response to end-of-life concerns and inclusion in a circular economy, particularly of those used to package and or transport perishable food items. This policy failed to consider the wider implications of including compostable plastics in its ban.  In short, due to Canada’s relatively small population and associated buying power, it can be challenging to garner the financial incentive required to financially support home grown innovation or adoption of new technologies.
[bookmark: _Toc56580261]
RECOMMENDATIONS	Comment by Lee Ferguson: You should use this section as an opportunity to revisit your hypothesis (which you must specify at the beginning of the document as I mention above) and summarize the evidence you’ve gathered for/against.  I also recommend enumerating the SPECIFIC recommendations herein.
[bookmark: _Toc56580262]FEDERAL STRATEGY ON PLASTICS WASTE 
Although the federal government has adopted multiple forums such as the Canadian Council of Ministers of the Environment (CCME) to include all levels of government in the plastics discussion, the strategies adopted appear to conflict with the strategies being employed by other levels of government across Canada. For example, the government of Canada, through Innovation, Science and Economic Development Canada has provided grants to fund innovations in the area of improved compost-ability of bioplastics and infers the recognition of compostable plastics as an appropriate method of plastics recycling and leakage reduction into the environment. However, many governments at the municipal and provincial levels in Canada have adopted policies that have completely banned single use plastics including compostable plastics applications in both food packaging and non-food applications. This revelation highlights conflicting approaches and a lack of collaboration within the tiers of government.   Due to the tendency of regional governments to focus narrowly on regional goals through the lens of their geo-political ideologies, concerns of national importance must be championed by the federal government. In the case of single use plastics, this can be achieved through a collaborative approach to implement a national harmonization of standards, targets, definitions and measurement protocols.  An example of an effective Canada-wide policy on pollution is the Canadian Federal Carbon Tax.  The federal strategy based on the 2016 Pan-Canadian Framework on Clean Growth and Climate Change put a price on carbon. It permitted provinces to tailor formulate their unique approach to meet the national standard or be subjected to the federal imposition of its carbon tax backstop. The provinces of Saskatchewan and Alberta, both oil-rich regions opposed the carbon tax by challenging the federal government in the supreme court where it was ruled that the federal government had the rights and power to impose its carbon tax given that it was of national concern. Since the precedent has been set, this appears the most direct way to ensure uniform applicability of plastics regulation. Furthermore, any Canadian policy on plastics must address the issue of consumer education and create policies that severely discourage pervasiveness of greenwashing. A good starting point to achieving this, is the implementation of clear national standards and definitions that mandate clear labeling and discourages misleading marketing. For example, the state of California, has implemented a ban on use of the terms compostable, biodegradable and oxo-degradable when used in labelling or marketing plastic, unless it is certified compostable to a regulated national standard. Evidently, as illustrated by the carbon tax recently imposed in Canada, tax is an important tool which can be used by policy makers to achieve their goals at a reasonable cost and where appropriate should be featured in pollution reduction policy. A report resulting from the Organization for Economic Cooperation and Developments joint meeting of Tax and Environment Experts in cooperation with the Environment Directorate and Centre for Tax Policy and Administration noted that Innovation provides an effective mechanism to achieve local and global environmental goals at significantly cost effective rates. They noted that tax design issues can have a significant effect on resulting innovations and are deemed critical to attaining environmental outcomes (OECD, 2010). 
It is recommended that any national policy on of single use plastics, which adopts compostable bioplastics, take into consideration, the environmental performance of products. This consideration would provide an incentive for such products to strive for continuous improvement in their energy performance. For example, the raw materials for a bioplastic should strive to include a minimum percentage of recycled contents. Rather than clear virgin land or convert food-producing agricultural land for the purpose of producing these bioplastics, appropriate policy should be implemented that prioritizes the recovery of agricultural waste for this purpose.
[bookmark: _Toc56580263]INFRASTRUCTURE FUNDING
Due to the glaring gap in funding for organics management via composting, it is recommended that both government and industry through an extended producer responsibility fund the development of composting infrastructure.  The government can achieve this by implementing subsidies or tax breaks in efforts to reduce the disposal cost gap between diversion versus the cheaper landfill option. Private public partnerships should be considered to converge government and industry efforts to boosting investment in infrastructure 
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GLOBAL  PLASTIC WASTE TREATMENT  2016

Other	Incineration	Controlled landfill	Landfill(unspecified)	Sanitary landfill(with landfill gas collection)	Open Dump	Composting	Recycling	TOTAL	3.0000000000000001E-3	0.111	3.6999999999999998E-2	0.252	7.6999999999999999E-2	0.33	5.3999999999999999E-2	0.13600000000000001	1	Other	Incineration	Controlled landfill	Landfill(unspecified)	Sanitary landfill(with landfill gas collection)	Open Dump	Composting	Recycling	TOTAL	Other	Incineration	Controlled landfill	Landfill(unspecified)	Sanitary landfill(with landfill gas collection)	Open Dump	Composting	Recycling	TOTAL	WASTE    TREATMENT




Global Waste Composition(%)


FOOD AND GREEN	GLASS	METAL	OTHER	PAPER AND CARDBOARD	PLASTIC	RUBBER AND LEATHER	WOOD	0.44	0.05	0.04	0.14000000000000001	0.17	0.12	0.02	0.02	
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FIGURE 1A:Canada's Plastic Waste Treatment 2016
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Plastics and plastic wastes thereof exported from 2017 to 2020

2017 2018 2019 2020

2017 2017 2018 2018 2019 2019 2020 2020

Quantity  Value Quantity  Value Quantity  Value Quantity  Value

(KGM) (CAN$ ) (KGM) (CAN$ ) (KGM) (CAN$ ) (KGM ) (CAN$ )

136,109,676 80,832,790101,131,305 58,448,175 83,188,664 52,142,920 50,113,878 25,483,162

FIGURE 2 - Canadian Plastics and Products Exports

Source: Stastics Canada-391590- Plastics waste and scrap,nes: Table 980-0039 - 

Domestic exports-Plastics waste and scrap,

(KGM) (CAN$ ) (KGM) (CAN$ ) (KGM) (CAN$ )(KGM )(CAN$ )

Quantity Value Quantity Value Quantity Value Quantity Value

2017 2017 2018 2018 2019 2019 2020 2020

2017 2018 2019 2020

Series1136,109, 80,832,7 101,131, 58,448,183,188,6 52,142,9 50,113,8 25,483,1

R² = 0.7847
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Canada: Volume of materials diverted by type

2008 2010 2012 2014 2016

in tonnes in % in tonnes in % in tonnes in % in tonnes in % in tonnes in %

All materials diverted by 

type 8,310,570 8,096,119 8,464,645 9,054,970 9,250,701

Newsprint (Terminated) 1,129,609t ..t ..t ..t ..t

Cardboard and boxboard 

(Terminated) 1,381,298t ..t ..t ..t ..t

Mixed paper (Terminated) 927,069t ..t ..t ..t ..t

All paper fibres 5 .. 41% 3,246,679 40% 3,355,667 40% 3,574,929 39% 3,566,789 39%

Glass 421,007 5% 434,872 5% 412,092 5% 427,537 5% 379,967 4%

Ferrous metals 350,370 4% 458,169 6% 461,326 5% 524,898 6% 491,536 5%

Copper and aluminum 58,950 1% 77,913 1% 81,689 1% 87,117 1% 88,575 1%

Mixed metals 127,033 2% 94,174 1% 102,651 1% 96,718 1% 112,129 1%

White goods 6 312,988 4% 332,903 4% 333,981 4% 348,528 4% 330,820 4%

Electronics 6 24,367 0% 51,105 1% 70,397 1% 83,377 1% 101,445 1%

Plastics 296,797 4% 313,036 4% 318,550 4% 356,070 4% 382,097 4%

Tires 6 7 158,336 2% 151,960 2% 160,686 2% 158,925 2% 412,575 4%

Construction, renovation 

and demolition 720,076 9% 653,255 8% 636,573 8% 592,597 7% 632,206 7%

Organics 2,332,295 28% 2,212,484 27% 2,453,330 29% 2,686,532 30% 2,595,614 28%

Other materials 70,375 1% 69,569 1% 77,703 1% 117,742 1% 156,948 2%

Statistics Canada. Table 38-10-0034-01 Materials diverted, by type
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