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Abstract: Forty percent of the food generated in Canada is wasted, making it the most significant
component of municipal solid waste. Food waste characteristics, such as high moisture and oil
content, and variable composition, make it difficult to manage with conventional waste treatment
methods. Part of food waste is disposed of in landfills, generating greenhouse gases and significantly
increasing the carbon footprint. Various treatment methods such as composting and anaerobic
digestion have been employed to treat and manage the remaining waste efficiently. This study
provides an overview of the impact of composting as a food waste treatment method in Canada
and paves way for the research of the usefulness of composting in addition to other food waste
treatment methods such as anaerobic digestion. Average composting data for Canada was used to
determine the change in the carbon footprint by the diversion of food waste using CCaLC2 software.
It was determined that the overall carbon footprint of 1.38 and 1.33 mega-tons of CO, was reduced
from the composting of food waste in the years 2014 and 2016, which were approximately 18% and
20% of the total footprint of Canada municipal solid waste, respectively. The carbon footprint data
collected herein were compared to the data from England, Sweden, and the USA to reveal the high
effectiveness of composting in Canada.

Keywords: food waste; carbon footprint; waste treatment; composting; anaerobic digestion (AD);
greenhouse gases (GHG); municipal solid waste (MSW)

1. Introduction

The life cycle of food includes handling, storage, processing, distribution, and con-
sumption. Food as a whole or even partially can become inedible during these processes.
These inedible parts of food are termed food waste, which should be disposed of appro-
priately. Food waste accounts for the majority of municipal solid waste, up to 50-60% [1],
and approximately 1.6 billion tonnes/year of food waste was reported by the Food and
Agricultural Organization (FAO) to be generated globally [2]. The rise in the global pop-
ulation parallels such a dramatic increasing loss of food over the years. Food loss is
broadly classified into pre-consumption waste (occurring on farmland, during manufac-
turing/processing, storage, and the supply chain), and post-production waste (the result
of food leftovers in restaurants and households) [3]. Canadians generate an average of
193 Kg/year of food waste per capita, over 26 times higher than generated during food pro-
duction (pre-consumption waste) [4]. The quantifiable (on a farm, processing, consumers,
transport and distribution, restaurants and hotels, retail, international catering waste) value
of food wasted annually in Canada is over $31 billion, with 47% of the total food wasted
reported to be generated at home [5]. Canada wastes about 40% of the food produced an-
nually [5,6]. Food waste contributes to climate change and when it decomposes, it releases
methane, which is 28 times more potent than CO, [7]. According to Project Drawdown,
reducing food waste is the top individual solution to reduce global warming and has
hypothesized that global reduction of food waste could lead to a reduction of 87.4 gigatons
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of CO, e by 2050 [8]. This financial burden cannot be contained by diverting food waste
to treatment and recovery facilities unless the food waste is prevented at the source [5].
Organic wastes constitute the highest proportions of un-diverted wastes. However, the
carbon footprint of wastes produced in different parts of the world varies substantially. This
is primarily because of the difference in food production and consumption patterns over
the world. Biodegradation of these wastes has an adverse impact on the environment in
the form of greenhouse gas (GHG) emissions (methane, carbon dioxide, nitrous oxide, etc.),
improper sanitation, abrupt climate change, etc. [6,9].

Landfilling is a major municipal solid waste management technique used world-
wide [10]. This process is detrimental to the environment mainly by land depletion and is re-
sponsible for (GHG) emissions and water sources pollution through landfill leachate [10,11].
When the food waste is placed in a landfill, it undergoes anaerobic decomposition and
generates methane (CH4). When methane is released into the atmosphere, it is 20 times
more potent as a GHG than carbon dioxide (CO;). The emission of GHGs has been a major
contributor to the carbon footprint. North American countries produce 860 kg of CO,
per capita of food waste per year in terms of food wastage footprint, the highest in the
world [12]. Canada’s initiative of reducing the GHGs emitted in 2005 by 30% in 2030 is
anticipated to lower its impact on climate change [13]. These gases are typically (about 38%)
generated from landfills due to the rotting of organic waste [6]. Organic waste includes food
waste that is uneaten and discarded as well as inedible wastes such as scraps, agricultural
waste (e.g., manure), biosolids, leaf and yard waste (i.e., green waste), including grass
clippings, yard and garden debris [14]. According to the Environmental Research and
Education Foundation of Canada (EREF), the total amount of organic waste treated in
Canada in 2019 was 4.83 million tonnes with a capacity of 5.74 million tonnes (excluding
Quebec) [14]. The food waste prevention strategy has been considered one of the best
approaches to reducing food loss and its adverse effect on the environment [15]. Food waste
flow hierarchy provides an efficient and chronological way of waste prevention, reduction,
and optimal disposal, achieving the most environmental-friendly outcome [16]. Waste
prevention is the most desired, because it prevents the loss of resources (energy, nutrients,
water, labor, etc.) associated with food processing, and is highlighted by the sustainable
development goals (SDG 12), which advocate reducing the global food waste at retail and
consumer levels in half by 2030 [9]. In recent research, they encourage the development of
education programs focusing on consumers’ behavior on healthy lifestyles and sustainable
consumption to promote food waste prevention [17]. Food waste tends to increase with
wealth and accessibility, therefore, it is believed that abolishing food subsidies might have
a positive effect on waste prevention [18], however, this could be dramatic for the poorest
of the population. Prevention is followed by the “reduction” and “disposal”, which is the
least desired option. Food waste reduction is an important lever to ensure food security
and reduce environmental burdens. Even though more rigorous approaches like the sup-
pression of food subsidies are being considered, most food waste prevention methods are
based on information and communication to induce changes in behavior, which includes
awareness measures campaigns, round tables, information platforms, which are cheap,
easy, and fast to implement [18].

Landfilling, incineration, anaerobic digestion (AD), composting, and heat moisture
reaction are among the food waste management processes used worldwide. Landfilling was
discussed in the above paragraph. Incineration is also referred to as waste-to-energy (WTE)
conversion (produces heat and energy, which can be utilized to generate electricity) and is
very effective in reducing the volume (80% to 85%) of waste [19]. Despite these advantages,
less than 50% of waste in European countries is incinerated [20], and only 5% in Canada [21],
because the high moisture content of food waste makes it less desirable for incineration, the
high initial installation cost of the process, and the emission of harmful gases containing
dioxins and heavy metals [22,23]. The diversion of food waste from landfills remains a
major area for energy and nutrient recovery [9]. Different waste diversion and treatment
approaches, such as 3R (reduce, reuse, and recycle), WIE, composting, and AD, have been
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investigated for the treatment of food waste [24,25]. Anaerobic digestion is a biological
waste treatment method that produces digestate and methane gas. Since food waste
comprises organic and readily biodegradable components, AD is a better alternative for
food waste treatment and energy production with negligible GHG emissions [22]. It has
been reported that 367 m> of biogas can be generated by AD per dry tonne of food waste,
which can produce 6.25 kWh/m? of biogas and 894 terra-watt hour (TWh) of electricity [24].
These advantages have led to a 20-30% increase in biogas plants in countries like Germany,
Denmark, and Austria. However, two factors that limit its wide-scale implementation
include high initial investment and a longer time-consuming digestion process [19,26].
Composting is another simple yet effective method of food waste treatment. Windrow
and Tunnel composting techniques are widely used in various regions of the world [27].
Additionally, nutrients extracted from the composting of food waste can be further utilized
as fertilizer in agricultural fields [9]. Composting is a waste management choice where
microorganisms decompose organic waste (food waste) and convert it into valuable organic
fertilizer [28]. The interest in food waste composting in Canada is growing, in 2011 for
example, over 60% of Canadian households participated in some form of composting [29].
Composting prevents and reduces GHG emissions, and its low capital expenditure per
tonne of waste compared to AD and WTE makes it more attractive [30].

Composting is a method of choice to reduce the environmental impact of food waste
landfilling. The life of a landfill site can also be extended by at least 12 to 16 years by
diverting excess organic waste [31]. Considered to be an effective food waste management
process besides prevention methods, composting impact on food waste treatment and
management of the carbon footprint in Canada will be analyzed in this paper. To the best
of our knowledge, no studies have been done in Canada to measure the carbon footprint
resulting from food waste and composting. The average composting data for Canada will
be used to determine the change in the carbon footprint by the diversion of food waste
using CCaLC2 software, and the results will be compared with other high food waste
generating countries. The results will help the decision-maker in developing new policies
for effective waste management in Canada, which will minimize the effects of climate
change in Canada.

2. Materials and Methods
2.1. Carbon Footprint and Composting

A carbon footprint is defined as “the total amount of greenhouse gases produced to,
directly and indirectly, support human activities, usually expressed in equivalent tons of
carbon dioxide” [32]. Food waste treatment methods such as composting can contribute to
reducing carbon footprint [33]. “Composting is an aerobic, biological process that involves
the breakdown of organic materials by microorganisms into a biologically stabilized mate-
rial. In addition to the oxygen required, the appropriate proportions of carbon, nitrogen
and water are necessary to support the biological activity needed to degrade the organic
material. In ideal conditions, the complete process occurs over several months and goes
through three sequential phases. The phases are distinguished based on temperature
of the compost and the dominate microorganisms present. While compost is a complex
environment that includes many biological organisms, the most common microorganisms
include bacteria, fungi, and actinobacteria, also referred to as actinomycetes ” [34]. GHGs
emitted from food waste treatment are an essential parameter to assess the impact on the
total carbon footprint. Lowering the carbon footprint is correlated with reducing GHG
emissions [9]. The determined the carbon footprint indicates the impact of these treatment
processes on the environment. Biogas recovery and energy production potential (AD and
landfill) [35] and bio-fertilizers (composting and AD) further reduce the carbon footprint
by reducing the need for fossil fuel and chemical fertilizers [9].
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2.2. Baseline Data

More than half of Canadians (61%) have been involved in some form of composting
since 2011. Lawn and kitchen waste composting are the two common forms of composting
practiced in Canada. Nevertheless, only kitchen waste comprising mostly food waste
is considered herein. The baseline data for Canada was compiled from the yearly data
published by Statistics Canada for food waste. According to Statistics Canada, between
2002 and 2018, the annual total waste disposal fluctuated between 30.7 and 35.0 million
tonnes. During that time, the quantity of waste diverted from landfills increased from
22 to 26% [14,36]. All the organics that are diverted from the landfill are considered to be
composted because less amount of organic waste goes to food waste treatment methods
other than a landfill. Furthermore, average Canadian composting percentages collected
during the Households and the Environment survey were used to determine the total
amount of food waste that was diverted from landfills.

2.3. Calculation of Carbon Footprint

Different types of software have been used for the calculation of the carbon footprint
throughout the lifecycle of waste. The carbon footprint is also determined using different
carbon calculation techniques that use different parameters such as consumption choices,
energy-related activities, etc. [33]. This study used a specific software called Carbon
Calculations over the Life Cycle (CCaLC2) to calculate the carbon footprints generated
by landfilled organic waste. The carbon footprint due to the total food waste in the years
2014 and 2015/16 for four countries (Table 1) was calculated in addition to the savings due
to diversion of food waste via composting. The food waste considered herein is a to-be-
landfilled biodegradable waste. However, the carbon emission by the burning of fossil
fuel during waste transportation was not taken into consideration because this footprint
already existed with landfilling, and waste diversion through composting does not increase
or decrease CO; emission due to waste transportation. The calculated carbon saving, which
is essentially the savings due to composting, was also compared to other data (Table 2). The
carbon footprint was determined by inserting the quantity of waste (in Kg) in the define
waste section of the software and by selecting the to-be-landfilled biodegradable waste. The
carbon footprint of total food waste and composted food waste in Canada was determined
regardless of the waste composition following this procedure.

Table 1. Composting data with respect to the total food waste for four nations (Mega Tonnes).

Countries Total Food Waste Total Composting Total Food Waste Total Composting
(2014) (2014) (2015/16) (2015/16)
Canada ? 5.97 2.69 5.77 2.60
England P 422 0.29 4.17 0.35
Sweden © 0.71 0.10 0.76 0.08
UsA 38.67 1.94 39.73 2.10
Data retrieved from [37] 2, [38] ©, [39] ¢, [40] <.
Table 2. Carbon footprint calculation using CCaLC2 (Mega Tonnes CO, eqv.).
Carbon Footprint of Carbon Footprint of Carbon Footprint of Carbon Footprint of
Countries Total Food Waste Total Composting Total Food Waste Total Composting
(2014) (2014) (2015/16) (2015/16)
Canada 3.06 1.38 2.96 1.33
England 2.16 0.15 2.14 0.18
Sweden 0.37 0.05 0.39 0.04
USA 19.80 1.00 20.40 1.08
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3. Results and Discussion
3.1. Impact of Composting on Carbon Footprint in Canada

In Canada, buried organics are responsible for 54 mega-tons of GHGs (methane)
emissions [41]. In Ontario, 32% of the total waste generated is constituted of organic
waste, which is the highest proportion among the Canadian provinces [42]. Similarly,
Statistics Canada (2008) [4] estimated that the average total organic waste generated in
Canada is approximately 29% of the total MSW in 2008. If these organics can be diverted
from landfills, then a large volume of GHG emissions can be reduced and a consequent
reduction in the carbon footprint can be achieved [9]. Canada’s dependency on composting
is comparatively higher than other waste treatment methods. Impressively, composting
is used to treat 45% of kitchen waste in Canada. The province of Prince Edward Island
leads the amount of kitchen food waste composting with 95% and is closely followed
by Nova Scotia at 94%. Ontario has the largest population among all the provinces, but
only 62% of kitchen waste is treated via composting [43]. From Table 3, it was found that
Ontario produces the highest amount of the carbon footprint, which is 0.588 mega-tons and
Northwest Territories produces the minimum carbon footprint, around 0.002 in 2018 [36].
This is due to population and waste management facilities. Various comparisons between
landfilling and composting have been carried out to accentuate the differences in operating
costs. The simple form of composting such as backyard composting has a relatively
lower operational cost than landfilling. Composting also has very low carbon emissions
as compared to landfilling which produces potent GHGs. In addition, composting also
produces useful compost during the process, which further makes the process cost-effective.
Hence, composting is beneficial in both economical and environmental aspects as compared
to landfilling [6,31]. However, the compost obtained at the end of the composting process is
dependent on the waste (feed) used for composting. Additionally, the amount of carbon and
nitrogen ratio (C/N) in the soil, temperature, aeration, and moisture are also responsible
for the quality of compost and the time required for the completion of the composting
process [44]. Similarly, different waste characteristics such as organic matter content, C/N
ratio, pH, nutrients, etc., also determine the quality of the compost [45]. Furthermore, if a
composting process is mechanical, other factors affect the composting process. For instance,
process conditions (temperature difference) and processing time can influence a mechanical
composting process [46].

Table 3. Carbon footprint calculation from organic waste using CCaLC2 (Mega Tonnes CO, eqv.)

in Canada.

Province/Territory Statistics Canada Carbon Footprint (Mega Tonnes
(2018) [36] CO; eqv.)

Alberta 322,218 0.165
British Columbia 615,683 0.316
New Brunswick 94,261 0.048
Newfoundland and Labrador 905 0.00046
Nova Scotia 148,348 0.076
Manitoba 56,272 0.029
Prince Edward Island 20,445 0.01
Ontario 1,145,169 0.588
Quebec 432,000 0.222
Saskatchewan 33,058 0.017
Northwest Territories
Nunavut 4601 0.002
Yukon
Total Canada 2,872,960 1.47

Composting is practiced considerably more than AD in Canada. Forty-five percent of
the average Canadian kitchen waste is treated via composting as compared to having only
one anaerobic digester plant in Canada, which demonstrates the reliability of composting
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for food waste diversion and treatment [43,47]. Table 4 indicates that Canada has been
generating a significant amount of MSW over the years and that rate has increased each year.
Although the amount of food waste per capita has been reduced, it is still proportionate to
the amount of waste composted. However, various initiatives such as imposing organics
disposal bans, initiating incentives for food donations, and also imposing further control
over the donation programs across Canada [15] are reducing overall food waste and
promoting diversion towards composting.

Table 4. Carbon footprint of different waste types.

Total Residential Waste Total Food Waste Total Composting
2014 2016 2014 2016 2014 2016
Mega Tonnes (MT) 9.80 10.23 5.97 5.77 2.69 2.60
Carbon footprint 7.06 737 3.06 2.96 138 133

(MT CO; eq.)

Table 3 clearly illustrates the impact of composting on the reduction of the carbon
footprint. The total average organic waste diverted to the composting facilities in Canada
was reduced by 1.38 x 10° and 1.33 x 10° tonnes of CO, equivalent of the carbon foot-
print in 2014 and 2016, which are almost 20% and 18% of the total residential solid waste
that was landfilled in 2014 and 2016, respectively. Therefore, with the use of CCaLC2
software and without considering the amount of carbon emission during the transporta-
tion phase, composting reduced as much as 18-20% of the total carbon footprint in 2014
and 2016.

3.2. Effectiveness of Composting in Canada Compared to Other Nations

Composting is an effective method of waste treatment. Countries such as Canada
and USA, where landfilling is the most prominent method of waste disposal, have been
primarily using composting to treat organics [43]. European countries such as England
and Sweden have also implemented composting (Table 1). The carbon footprint calculated
for the data retrieved from four different nations (USA, Canada, England, and Sweden) is
illustrated in Figure 1, which clearly indicates the impact of composting in the reduction
of the carbon footprint in Canada. Composting has instituted a greater impact in the
reduction of the carbon footprint in Canada as compared to the aforementioned nations.
Although the USA’s rate of waste generation is considerably higher than that of Canada,
most of the waste is landfilled rather than composted. Consequently, a lesser impact of
composting was observed pertaining to the carbon footprint. In England and Sweden,
carbon footprint reduction by composting is comparatively lower as compared to Canada.
In England, 38% of the waste is incinerated and 16% of the waste is landfilled. For the
remaining 42% of waste, the majority of waste is recycled, which infers very little waste is
being composted. Similarly, in Sweden, AD and recycling are used to treat the majority
of waste and only a small amount of waste goes to the composting facility. Therefore, the
impact of composting in Canada was determined to be considerably higher than the other
nations. This is primarily because of the lack of treatment processes such as anaerobic
digestion and incineration in Canada, which is widely in use in European nations [21,47].
Additionally, composting has been encouraged and initiated by many municipalities in
Canada. However, various studies have highlighted the potential of biogas collection
in Canada through food waste treatment processes. For instance, Curry et al. (2012)
reported that 6 mega-tonnes of food waste treated through AD is capable of generating
6.6 x 108 m? of biogas in Canada [24]. Similarly, the Canadian Biogas Association reported
the production of 810 megawatts (MW) of electricity from the biogas collection sources
in Canada. The major contributor to this electricity production is the agricultural sector,
which produces about 68% of the total biogas. Landfill gas and residential source separated
organics (SSO) (organic waste collected separately from other MSW) are other major
contributors at 12% and 6%, respectively [48].
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Figure 1. Reduction in carbon footprint via composting.

3.3. Formatting of Mathematical Components

This comparative study only uses the data from composting to calculate the carbon
footprint. The data exclude the small number of anaerobic digestion and incineration plants
that are currently used for food waste treatment in Canada. The amount of waste that
has been composted, i.e., 45% as per [41], was used to determine the amount of total food
waste generated. In addition, the carbon emitted via vehicles used for transportation of
the waste from houses to the transfer station to the treatment facility were not considered
for the calculation of carbon footprint reduction. Consequently, a slightly higher value of
the carbon footprint savings was estimated. In addition, the impact of waste treatment
methods such as incineration and anaerobic digestion were not considered in this study.
The biogas potential is higher in Canada since food waste is comparatively higher and
the stakes are high for the development of anaerobic digestion and landfill gas collection
facilities. These developments should have a positive impact on overall carbon savings and
reduction in GHGs.

4. Conclusions

Food waste, instead of being landfilled, can be diverted towards different food waste
treatment plants, and consequently, can be converted into useful biomethane and com-
post. This study compares the impact of different food waste treatments on the carbon
footprint, primarily focusing on composting and its impact on the carbon footprint. In
addition, the reduction of waste results in less carbon footprint and consequently, lesser
impact on the environment. The findings suggest that composting, being the most prac-
ticed waste treatment method in Canada, evidently leads the way in carbon footprint
reduction, which is further emphasized by the comparison with the carbon footprint re-
duction potential of countries such as the USA, England, and Sweden. The investigation
on the usefulness of compost as an alternative to chemical fertilizer indicated that the
quality of compost or digestate significantly varies due to the composition of the waste
source. Moreover, various studies have also demonstrated the high potential of biogas
collection and energy production in Canada for biogas collection plants, which is encour-
aging for its further development and research. However, there are a lot of gaps in the
literature about the impact of composting on GHG emissions, which requires further re-
search. Besides, the practice of anaerobic digestion in various European countries and its
numerous advantages can also encourage Canada to invest in anaerobic digestion plants.
This can significantly reduce overall GHGs production and have a positive impact on
the carbon footprint. However, a better understanding of the current situation of organic
food waste in Canada is limited by the lack of national, provincial, and territorial statis-
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tics. Access to relevant data for food waste is necessary to measure the emission of CO,
accurately and to establish regulatory decision-making to reduce the carbon footprint
in Canada.
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