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Introduction

In Canada's prairie provinces, landfill technology is a commonly used method for waste
management. In 2017, there were approximately 8 landfills per 100,000 residents in Alberta,
Saskatchewan, and Manitoba. This is a higher number compared to the 0.5 landfills per 100,000
people in the US. This disparity is likely due to factors such as urban expansion, population growth,

ample land, and public attitudes, including the NIMBY approach.

Operating a landfill can result in adverse impacts on the environment, including air pollution
from methane gas emissions, contamination of underground water resources, soil degradation, and
degradation of vegetation. Additionally, people living near landfills and open dumps may be
exposed to harmful carcinogenic and non-carcinogenic effects from toxic emissions and polluted

water sources.

Therefore, it is important to find alternative practices that can minimize the harmful effects of
landfills while providing financial benefits to local communities in Saskatchewan. This aligns with
the Saskatchewan Solid Waste Management Strategy Report, released in 2020, which aims to
achieve this through four key actions: reducing waste generation, promoting reusability,

incorporating recycling practices, and increasing organic waste composting.

In this study, a scoping review is conducted to assess the feasibility of incorporating alternative
practices and micro-enterprises related to landfilling in Regina. This research aims to reduce the
amount of waste that is sent to landfills. This study is unique in its examination of global, national,
and local waste management and recycling practices and businesses that can be implemented

before landfilling.

Key findings

The City of Regina has a recycling program for its residents where recyclable items are collected
in blue carts. Acceptable items include plastic bottles, papers, food and beverage containers,
glass containers, and black food trays. Some recyclables like cans, juice boxes, jar glasses, and
alcohol containers can be sent to SARCAN for a deposit refund. The city council is planning to
introduce green carts for the curbside collection of food and yard waste by 2023 to reduce waste

and extend the landfill's lifespan. The green carts will be used to collect food leftovers, dairy, fat,



and dirty papers. The plan is expected to help the city reach its 65% waste diversion goal and

reduce methane emissions.

While the City of Regina is taking steps to improve its recycling and waste management
efforts, a more comprehensive approach may be necessary to clearly define the roles and
responsibilities of all stakeholders, including businesses and residents. Developing a
comprehensive plan may take time and resources, but it could lead to more efficient solid waste
management, reducing the burden on the municipality, and benefiting all involved parties in the

long run.

Recommendations

In this proposed model for the city of Regina solid waste management, the municipality and
city residents are actively involved in the waste management process. For instance, the city of
Regina could provide labeled bags for waste collection, such as composting, recycling, and
garbage, that residents can purchase like prepaid stamps from Canada Post. This follows the
"Polluter Pays Principle", where residents who generate more garbage would pay more for
additional garbage bags, while those with more composting bags would pay a flat rate. To support
the plan, education on composting, recycling, and reusing should be provided through schools,

events, and non-profit organizations such as the SWRC.

For efficiency, different types of waste can be processed at an integrated site with various
facilities. The waste management process is illustrated in Figure 1, where waste is first transferred
to a transfer station connected to enterprise depots. Refurbished, recovered, and recycled items are
then sent to stores for reuse. The non-recoverable portion of waste is then sent to recycling plants
for material recovery. The non-recycled parts are further processed, with items with high energy
contents, such as contaminated plastics and papers, being sent to incinerators, while the rest is sent
to the city landfill. Organic materials from the transfer station are delivered to composting facilities

to create rich fertile soil, which can then be used in municipality parks and landscapes.
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1. Introduction and literature review

1.1. United nations’ sustainable development goals

The United Nations (UN) Conference, also known as the "Earth Summit”, was the starting
point in designing a comprehensive sustainable development plan (United Nations, 2022a). After
23 years, in 2015, the UN summit proposed a reshaped universal sustainable development agenda
with 17 sustainable development goals, also called the SDGs, which can be better adopted, revised,

monitored, and measured in different countries (United Nations, 2022b).

It is believed that addressing some challenges in populated areas will cover multiple SDGs
and thus have a greater contribution to the communities. For example, establishing composting
plants in metropolitan areas can 1) generate biogas as a source of energy (Government of Canada,
2022a) which is aligned with SDG7; affordable and clean energy, ii) increase employment (Rogger
et al., 2011) which is aligned with SDGS; decent work and economic growth, iii) establish a
sustainable industry (Zainudin et al., 2022) which is aligned with SDG9Y; industry, innovation, and
infrastructure and SDG11; sustainable cities and communities, iv) reduce the greenhouse gas
emission by around 40% (Adhikari et al., 2010) which is aligned with SDG13; Climate action, and
v) restore degraded agricultural lands by composting products (Arif et al., 2018) which is aligned
with SDG15; life on land. Thus, seeking innovative ways to address the SDGs in urban areas might

be of practical importance from municipalities’ perspective.
1.2. City of Regina Energy and Sustainability Framework

In parallel with UN SDGs, City of Regina published a report in 2022 called “Energy &
Sustainability Framework™ where energy & emissions reduction plans were further investigated
and potential practices were highlighted (City of Regina, 2022a). One of the major focuses of this
report was to develop a low carbon pathway where some actions were included to comprehensively
design a low carbon future. This program includes, for example, increasing the recycling rate to
divert around two-thirds of waste, promoting composting programs to cover over 95% of organic
waste, and capturing landfill gas to reduce overall greenhouse gas emissions by 2030 (City of

Regina, 2022a).

The EnviroCollective Canada (Regina Hub) took this opportunity to build upon that
framework and present alternative solutions for landfilling by enhancing 3R policies (reduce,
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recycle, and reuse) methodologies. This would be to combine landfilling with other alternative
practices (e.g., recovering, recycling, and composting), which consequently helps to
counterbalance the costs of solid waste management in the municipality. Thus, the current report's
goal is to find feasible solutions and integrate potential microenterprises for waste streams before

they are disposed of in landfills.
1.3. Literature review

Canadians select landfills to permanently dispose of the majority of their waste without
integrating any other treatment methods and practices for recycling and materials recovery
(Richter et al., 2019; Karimi et al., 2020; Karimi et al., 2021). For example, the total diversion rate
(waste being diverted over waste being landfilled) for all sources of waste, including both
residential and non-residential, was slightly over 30% in 2018 (Government of Canada, 2022b).
However, the average recycling rate for municipal waste in Europe in 2017 was reported to be
46% (European Environment Agency, 2022). In the prairie provinces of Canada, landfill
technology is used more frequently as the primary method of waste remediation (Bruce et al.,
2016; Wang et al., 2016; Richter et al., 2019). The three provinces of Alberta, Saskatchewan, and
Manitoba are estimated to have around 8 landfills per 100,000 residents in 2017 (Government of
Saskatchewan, 2017); while this number is about 0.5 landfills per 100,000 people in the US
(University of Michigan, 2017). The reasons behind both the frequent landfilling practices and the
presence of abundant landfills would be urban growth, population development, available lands,
and public attitudes (e.g., the NIMBY approach) (Adusei et al., 2022; Gallo, 2019; Karimi et al.,
2022a).

Additionally, operating a landfill can have negative impacts on the surrounding environment,
including but not limited to air pollution such as methane gas emission (global warming effects),
underground water resource pollution, soil destruction, and vegetation cover degradation (Preziosi
et al., 2019; Yu et al., 2020; Siddiqua et al., 2022). For example, Delkash et al. (2016) indicated
that the released methane and carbon dioxide from landfills can be carried by the wind and harm
nearby areas. Karimi et al. (2021) showed that the increased land surface temperature from
methane gas release in 8 Canadian landfills lowered the normalized difference vegetation index

(NDVI), an index for measuring the health level of vegetation cover, for the neighboring lands.



Setting environmental effects aside, landfilling can also threaten public health. For example,
Siddiqua et al. (2022) showed that people living in the vicinity of a landfill might be susceptible
to carcinogenic and non-carcinogenic effects of polluted water resources and toxic emissions.
Similarly, Vinti et al. (2022) showed that the closer proximity of populations to open dumpsites,
landfills, and incinerations is associated with a greater number of neonatal outcomes, cancers,

respiratory deficiencies, and cardiovascular disorders.

The negative consequences of landfilling (and open dumping) are especially significant in
Canada's Prairies, where population points are sparsely distributed and may lack access to an
engineered regionalized landfill (Karimi et al., 2022a&b). Landfill regionalization is identified as
a possible way to optimize the population coverage and minimize the travel time between
populated points and the location of landfills (Richter et al., 2021; Karimi et al., 2022a&b).
However, accessibility to shared community landfills in the northern areas of Saskatchewan
remains a challenge (Karimi et al., 2022a). For example, the presence of illegal disposal sites in
the absence of nearby landfills has been identified as a potential threat to neighbouring water
resources in almost all remote communities in Saskatchewan and Alberta (Baijius & Patrick,

2019).

Thus, finding alternative practices that can alleviate the hazardous footprints of landfills while
bringing financial resources to the local communities in Saskatchewan might be of practical
importance. This is in parallel with the Saskatchewan solid waste management strategy report,
released in 2020, which is designed primarily through four fundamental actions: (i) reducing the
waste generation; (i) reusing the items for a longer period; (ii1) integrating recycling practices;

and (iv) increasing organic waste composting (Government of Saskatchewan, 2020).

The strategic report also indicates six short- and long-term objectives that should be addressed
in the solid waste management sector, including: (i) improving the education level around solid
waste and raising awareness about the best possible practices for solid waste management; (i)
improving regional collaboration at the community level to reduce the costs associated with solid
waste; (iii) preparing a flexible regulatory system for waste management; (iv) improving the
diversion rate across the province; (v) implementing innovative and sustainable solutions for waste
management; and (vi) integrating governmental initiatives in solid waste management

(Government of Saskatchewan, 2020).



Therefore, incorporating new practices prior to sending the generated waste to landfills can be

beneficial in different ways, such as:

1) providing low-cost materials for new enterprises through recycling (Yang et al., 2012; Vogt
et al., 2021).

i1) introducing new types of practices for families at the community level, such as gardening
and composting (Edgerton et al., 2009; Pergola et al., 2018).

i11) expanding the lifespan of landfills through reducing the landfilled waste (Buehlmann et
al., 2009; Moh & Abd Manaf, 2014).

iv) providing income and employment opportunities through enterprises focusing on recycling
(Challcharoenwattana & Pharino, 2018; Jaffe et al., 2018).

v) protecting the environment through reducing the adverse footprints of landfilled waste
including methane gas emission, toxic leachate, disturbed vegetation cover, and health effects

(Edmundson & Wilkie, 2013; Ikhmayies, 2020).

A scoping review is initiated in this study to evaluate the integration of possible alternative
practices and micro-enterprises for landfilling in the city of Regina, which will reduce the waste
stream ending up in landfills. The collection of global, national, and local waste treatment and
recycling practices and enterprises before landfilling is original to this study. The implications and
observations of this research-oriented review might be beneficial for policy makers at local scales
(with a major focus on the Canadian context) to better design solutions for waste generation and

management.



2. Materials and method

A scoping review was integrated into the current study to broadly include the related literature

from different resources. To ensure that the outcomes were inclusive, both academic and grey

literature were reviewed. The purpose of scoping reviews is to define a framework for screening

the available database around a subject that can be replicable and transparent (Munn et al., 2018).

2.1. Searching method

The Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) diagram

is shown in Figure 1 for the collected databases. It shows both the collection of different resources

and the screening method, which is adopted in the current study. PRISMA designed a 27-item

checklist to assist in the reporting of systematic reviews (Page et al., 2021).
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Figure 1: incorporation of different resources in current study using Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) diagram.

2.2. Academic database



Using the Web of Science (WOS) database, a total of 496 journal articles were collected (as
shown in Figure 1), excluding conference papers. As is indicated in the objective of the current
review, a combination of boolean strings and field tags were incorporated to select the journal

article as below:

(TS=(recycl* OR reus* OR waste?restor* OR alternative* NEAR/10 landfill*)) AND
TS=(*micro?enterprise* OR enterprise* OR startup*)

Where "TS" stands for topic. Following the set of Boolean strings and field tags, it is expected

nn nn nn

that the screened documents include at least one of the terms "recycle," "reuse," "waste," "restore,"

nn

or "alternative landfill" in combination with another term such as "microenterprise," "enterprise,"
or "startup” in their topic. Topics include title, abstract, and keywords. In order to solely collect
the relevant articles, the topics were further limited to sustainable science, management, design
and manufacturing, bioengineering, knowledge engineering and representation, energy and fuels,
mineral and metal processing, paper and wood material science, soil science, contamination and
phytoremediation, polymer science, economic, climate change, environmental sciences,
membrane science, forestry, ceramics, nuclear engineering, catalysts, combustion, Asian studies,
metallurgical engineering, and asphalt. The search period is narrowed down to the previous 10

years, ranging from January 2012 to December 2021. It is believed that targeting the most recent
decade can better highlight the state-of-the-art alternatives to landfilling around the globe.

Once all 496 journal articles were evaluated, 451 journals were removed due to duplication,
irrelevancy, and the presence of non-English files. Thus, only 45 articles were selected for further

investigation, as indicated in Figure 1.
2.3. Google search engine

Google search is identified as one of the methods to collect grey literature around a topic
(Godin et al., 2015; Haddaway et al., 2015). Thus, Google's search engine is adopted in the current
study to highlight the associated documents. For consistency purposes, the timeline is set to 2012—
2021. Filetype is defined as PDF, and only the first 10 pages were picked. Similar to academic

search, a set of Boolean strings were used as below:

(Waste recycling™* reuse® waste restore* micro enterprise™® startup* business* entrepreneur®)



Among all 100 collected PDF documents, only 30 were picked, while the rest were screened

due to their irrelevancy to the scope of the current review.
2.4. Combination and classification of documents

Academic databases (45 studies from WOS) and grey literature (30 documents from Google
search engine) were combined to evaluate landfill alternatives and potential policy integrations.
To better highlight the contribution of the current review in filling the knowledge gap, collected
materials were classified according to the study region (e.g., North America, South America, Asia,
Africa), targeted waste (e.g., wood, plastic, food), generation source (e.g., residential, non-
residential, industrial), and treatment method (e.g., recycling, composting, incineration), as is

shown in Figure 1.
2.5. Addressing national and local practices and enterprises

Aside from the evaluation of global resources, an investigation into other Canadian
municipalities with slightly larger populations than the city of Regina (considering the population
growth) might be helpful. This evaluation includes, but is not limited to, the following: recycling
plans, policies and regulations for future years, type of collected materials, and education around
solid waste management. Integrated cities were Windsor (ON), Burnaby (BC), and Saskatoon

(SK).

In addition, consultations with local enterprises (ones that are actively working towards
reducing the overall waste ending up in landfills) are incorporated in this review. It is believed that
their viewpoints might be practical and insightful in identifying the opportunities around waste
recycling and treatment methods, pinpointing the limitations, and highlighting potential solutions
in active provincial microenterprise developments. Interviewed enterprises and non-profit
organizations are Saskatchewan Waste Reduction Council (SWRC), Re-Appliable Parts Inc.,
Bridge City Bicycle Co-op, Habitat for Humanity, and The Log House Thrift Store. The

incorporation of different resources, from global to local, is shown at the right edges of Figure 1.



3. Results and discussion
3.1. Global resources

3.1.1. Regions
3.1.1.1. Asia
As is indicated in Figure 2, 48.7% of the entire documents are collected from Asia, which

might be attributable to the presence of highly populated areas and urban growth. Asia has 59.5%
of the global population, with the highest density of around 150 people per km? (Worldometer,
2022). Thus, better solid waste management, particularly in greater metropolitan areas, might lead
to increased resource recovery and employment opportunities (Peng et al., 2018; Biatko & Hota,
2021). In addition, there is a market for recycled materials that originated in some Asian countries
due to the lower costs of recycled products. This, in turn, encouraged Asian countries to implement
and manage recycling programs. For example, Asia was responsible for recycling around 98% of
the global plastic waste in 2017 (Liang et al., 2021). Even China’s plastic waste ban in 2017 only

shifted the recipient of waste to other southeast Asian countries (Wang, C. et al., 2020).

3.1.1.2. North America
North America is the second-largest region, with around 24.3% of the collected documents,

as shown in Figure 2. This could be due to the implementation of new waste treatment and
management methods in the USA and Canada. For example, a global investigation during 2015
highlighted that only African and Asian metropolitan areas (such as Cairo, Kolkata, and Manila)
are responsible for mismanaged plastic waste over 200,000 tonnes a year (Lebreton & Andrady,
2019). In addition, the advantages of waste management and treatment plans are being recognized
in communities and industries. For example, the United States Environmental Protection Agency
(USEPA) addresses the impacts of recycling on national prosperity and environmental protection
(USEPA, 2022a). USEPA announced that the rate of recycling increased from 7% in the 1960s to
around 30% in recent years while generating over 680,000 jobs in the US (USEPA, 2022a). On
the other hand, mandatory environmental regulations push companies to reduce their adverse
environmental effects. For example, North American enterprises should report their carbon
footprint annually, in tonnes of carbon dioxide equivalent (CO:ze), under three emission scopes:
direct emissions (e.g., boilers owned by the company), indirect emissions (e.g., energy brought to
the company), and the remaining emissions (e.g., business, travel, and waste) (BDC, 2022a). Thus,
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some low-cost methods are introduced for businesses to dampen their carbon footprints, including
waste management policies such as promoting reusable plates and mugs for employees and
replacing paper towels in washrooms with high-efficiency hand dryers (BDC, 2022b). These
minuscule alterations can also contribute to the overall improvement in waste management in

North America.

3.1.1.3. Europe
Europe ranked third with 15.8% of the collected documents, as shown in Figure 2. Europe

actively implements waste-related laws, known as EU waste management laws, to protect its
environment and population (European Commission, 2022). Within the EU waste management
law, a waste hierarchy is identified with terms including prevention, preparation for reuse,
recycling, recovery, and disposal. Amendments to EU waste management law focus on the
possibilities for implementing "extended producer responsibility (EPR)" in EU member states.
EPR shows how different enterprises can reduce total waste generation, produce more durable
products, increase resource efficiency, and provide services for product repair without

compromising the quality and safety of the products (European Commission, 2022).

3.1.1.4. South America, Africa, and Australia
South America, Africa, and Australia contribute to around 8.5%, 1.2%, and 1.2% of the total

collected documents, respectively (around 10.9% of the collected documents cumulatively). This
could be due to the lack of a mechanism for efficient solid waste management in these regions.
For example, a report about paper and plastic recycling plans in Brazil (South America) shows that
despite the presence of diverse recycling programs, targeted waste collection programs are not
accurately selected among over 5,500 municipalities (Recycling in Brasil: Paper and Plastic
Supply Chain). In addition, the country is suffering from a lack of education around the adverse
consequences of waste on the environment (Rutkowski & Rutkowski, 2017). Similarly,
Matzembacher et al. (2019) highlighted the need for providing sustainable mechanisms for
developing new enterprises in Brazil, which, in turn, needs (i) greater alignment of educational
purposes in sustainability with neighboring communities’ issues, (ii) better distribution and
implementation of sustainable practices from the rest of the world, and (iii) more collaboration

between universities and industrial sectors.
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3.1.2. Targeted waste

3.1.2.1. Food
“Food” waste is targeted in four regions: Asia, North America, Europe, and South America

(Figure 2a). However, different regions have different regional approaches to food. For example,
in regions such as Asia, North America, and Europe, urban food waste (UFW) is relatively higher
due to mismanagement in distribution, handling, and consumption (Adhikari et al., 2006). On the
contrary, fighting hunger and malnutrition due to food shortages has been planned in regions such
as Africa since the 1990s, and the global hunger index (GHI) is frequently measured (Otekunrin
et al., 2020).

As is indicated in Figure 2b, more than one fifth (21.4%) of the collected documents are about
food waste. Food waste is addressed in different stages, including food production, food
consumption, food waste generation, food waste treatment, and food waste disposal. Regarding
food consumption, an Indian company collects the untouched excess food from small communities
and distributes it among people in need (No Food Waste, 2022). Their mission is in line with UN
SDGs 1 and 2, which aim to eliminate hunger and reduce total food waste (No Food Waste, 2022).
Similarly, a Brazilian study highlighted that food loss can be mitigated if smaller enterprises have
a chance to raise awareness about their available food and build a sustainable distribution model
(Matzembacher et al., 2019). As an example of food waste treatment, the Natural Resources
Defense Council (NRDC) identified and mapped the total number of existing composting and
anaerobic digestion facilities and their capacity to accept food waste in a small American city
(NRDC, 2022). Similarly, Green Era Campus in Illinois, US, collects the biodegradable food waste
from the neighboring communities in a remediated brownfield site (with a size of around 35,000
ft?) which is now known as an anaerobic digester facility (Green Era Campus, 2022). The Green
Era Campus group is planning to increase the neighbor’s accessibility to the facility and promote
its presence throughout the city. The final product of this facility (fertile compost soil) is available

to all the communities for gardening purposes (Green Era Campus, 2022).

3.1.2.2. Multiple
“Multiple” waste class is targeted only by Asia, North America, and South America (Figure

2a) and comprise around 19.0% of collected documents (Figure 2b). Multiple waste is a class of
waste that is not solely identified by a specific waste type. This might be due to either the

heterogeneous nature of waste in the processing step or the introduction of inclusive waste
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treatment plans by some enterprises. For example, the USEPA provided an integrated list of
guidelines to facilitate airport recycling programs (USEPA, 2022b). The document presented
methods for monitoring and measuring the performance of the integrated plan. Different classes
of waste (e.g., cardboard, paper, glass, aluminum, plastic bottles, pallets, food waste) and their
generation points (e.g., public terminals, ticketing, security gates, food service areas, offices, cargo
shipping, maintenance areas, airfield ramps) and recycling means were addressed (USEPA,
2022b). The plan also delineates how airports can promote recycled content materials’ purchases
and encourage customers to use them (USEPA, 2022b). Similarly, the, city of Sioux Falls provided
a solid waste management master plan in 2016, including different waste treatment methods for
different waste classes prior to sending them to disposal sites (City of Sioux Falls, 2016). A
summary of their report indicates that 1) plastic and paper recycling can be enhanced by private
companies through discounts and rewards aligned with the collected waste volume, ii) food waste
rescue opportunities can be better investigated by forming a food rescue committee, iii)
municipality can support food donation program, iv) energy recovery programs can be
implemented to use hard to recycle plastics (e.g., plastic film, bags) in incinerations to extract
energy, V) state can support tax on plastic bags or prevent its use by enterprises and vi) municipality
can promote purchasing refurbished and reusable items as a diversion strategy plan (City of Sioux

Falls, 2016).

3.1.2.3. Electronic
"Electronic" waste (E-waste) is only addressed in Asian, European, and South American

regions (Figure 2a) and comprises 13.1% of the total documents (Figure 2b). The absence of e-
waste as a target waste in some regions, such as North America, may be due to transboundary e-
waste movements to other regions (e.g., to developing countries in Asia) (Herat & Agamuthu,
2012). Similarly, lack of proper regulations, absence of environmental awareness, and great
transboundary movement of e-waste are identified as some of the issues in China that might put
informal workers in danger of improper e-waste treatment (e.g., releases of toxins and heavy
metals from e-waste burning) (Orlins & Guan, 2016). Furthermore, according to a Chinese study,
there were approximately 22.7 million metric tonnes of e-waste in China in 2020, which is
expected to increase to approximately 40 million metric tonnes by 2040 (Li et al., 2015).
Consequently, substantial financial resources should be spent on establishing new e-waste

treatment facilities (with a maximum travel distance of around 240 km from the waste generation
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point). It is expected that the profit rooted in e-waste treatment might not be significant (e.g.,

around US$2.5 per unit of TV) (Li et al., 2015).

3.1.2.4. Construction and demolition
“Construction and demolition (C&D)” waste is addressed in Asia, North America, and Europe

(as shown in Figure 2a). This could be due to the location of major C&D waste generators around
the world. According to a study in 2012, China (Asian), India (Asian), the United States (North
American), France (European), Germany (European), and the United Kingdom (European) are the
top ranked C&D waste generators, with 1002, 530, 519, 246, 201, and 100 million tonnes of C&D
waste generation, respectively (Akhtar & Sarmah, 2018). It is also noteworthy to mention that EU
waste management legislation introduces new recycling targets for construction and demolition
(C&D) waste to be around 70% by 2020 (European Commission, 2022). Thus, they might seek

new methods to efficiently recover a substantial part of C&D waste to meet the requirements.

C&D waste comprised 11.9% of the collected documents, highlighting its recycling methods
and applications for different purposes. For example, an American company applied a specific
type of fungi, cultivated in a lab environment, to shredded waste material at the generation point
(MYCOCYCLE, 2022). The generated biomaterial was then used as a new commercial and
industrial product (MYCOCYCLE, 2022). They particularly target roofing, asphalt, and chemical
manufacturers, as they might not be able to either attain higher recycling rates or implement zero
waste policies (MYCOCYCLE, 2022). Another study in China showed that governmental policies
are playing a vital role in supporting downstream enterprises that supply recycled materials
stemming from C&D waste (Liu et al., 2020). The government is also thought to be responsible
for changing the general approach to using recycled C&D waste in building materials from the
perspective of contractors and building owners (Liu et al., 2020). Similarly, Rodriguez et al. (2015)
found that managing C&D waste is complex in Spain, where manufacturers have access to low-
cost natural aggregate. In addition, the presence of privately owned enterprises associated with
recycled C&D waste is threatened by fluctuations in the construction industry (Rodriguez et al.,

2015).
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3.1.2.5. Wood
“Wood” waste is targeted by Asia, North America, and Europe (Figure 2a) and accounts for

about 5.9% of the collected documents (Figure 2b). This could be due to the presence of wood
products manufacturing companies in these regions, where sustainable solutions for wood waste
should be sought. For example, North America is well known for using wooden construction
frames for around two centuries (FAO, 2003). Reports indicate that wooden frames are flexible,
durable, fire-resistant, and environmentally friendly (FAO, 2003). Thus, material recovery issues
arise from wooden C&D waste, while the recovered wooden products can be used in composite
materials, mulch, and animal bedding (FAO, 2003). Similarly, from 1993 to 2007, Chinese wood
manufacturers' exports increased from less than 0.5 million dollars to more than 6.5 million dollars.
The exported products include wooden (i) office furniture, (ii) kitchen furniture, and (iii) bedroom
furniture, and China captured the largest share of global wooden furniture exports of around 90%
in 2006 (Han et al., 2009). In addition, another Chinese study of wooden furniture introduced four
recycling methods: 1) energy utilization (e.g., wooden chips for incineration); ii) renovation (e.g.,
slight change of former furniture, such as scraping away the outer layer and generating a retro
feel), 1i1) deconstruction and reorganization (e.g., using wooden pallets in combination with metal
stands for desks), iv) crushing and regeneration (e.g., using crushed wooden materials for artificial
paper boards), and v) artistic sublimation (e.g., using discarded wooden materials with cement and
plaster for sculptures) (Yang, D. & Zhu, 2021). However, according to a report on wooden
furniture manufacturers focusing on medium density fiberboard (MDF) in Turkey, approximately

96.9% of wooden waste is burned in combustion chambers for heating purposes (Top, 2015).

3.1.2.6. Metal
“Metal” waste is reported in Asia, North America, and Europe (shown in Figure 2a) and

contributes to 4.7% of collected documents (shown in Figure 2b). For example, a study is Taiwan
showed that using Activity Based Standard Costing (ABSC) method can increase the recycling
efficiency in steel-scrap associated industries (Tsai et al., 2019). Another Chinese study showed
that huge size of iron scrap plates might not be directly used as charge materials since there is high
chance of oxidation due to the greater surface area and presence of fine particles (Li, P. et al.,
2020). Thus, a method is developed where iron scrap is compressed by hydraulic machines and
provided iron cakes. It is believed that iron cakes can be adopted in foundry plants as it has lower

costs, negligible environmental effects, and lower energy consumption (Li, P. et al., 2020).
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3.1.2.7. Oil
"Oil" waste is reported in North America and Europe (shown in Figure 2a) and only covers

3.5% of the collected documents. The small percentage of collected documents might be due to
the presence of barriers and issues in the oil recycling industry. For example, an Indian review of
cooking oil conversion to biodiesel production reported inaccessibility to used oil, absence of
processing and recycling technology, irreconcilable supply chains, and a lack of planning and
policy integration as barriers to efficient production of biodiesel from used cooking oil (Avinash
et al., 2018). However, a Greek study showed how lipid-rich wastes can be incorporated with
microorganisms through an anaerobic digestion process and result in producing biogas (Diamantis
et al.,, 2021). Biogas production can help with i) the reduction of GHG emissions, ii) the
conservation of biomass, iii) the production of organic fertilizers, and iv) the reduction of overall

treatment costs for waste materials handling (Shane & Gheewala, 2017).

3.1.2.8. Plastic
"Plastic" waste is only shown for the North America region (for 3.5% of entire documents),

as shown in Figures 2a and 2b, respectively (absent in other regions such as Europe). This might
be related to the short market demand for recycled plastic waste. For example, a European study
of the Nordic countries found that, despite the presence of European waste policies, they were not
very successful in producing value-added materials from end-of-life plastic products (Milios et al.,
2018). This issue could stem from either smaller demand and market size for recycled plastic or

significant plastic products’ imports (Frane et al., 2015).

With regard to the collected documents, multiple methods for plastic waste treatment are
found. For example, AmberCycle Industries in the USA, founded in 2012, used a particular
enzyme for digesting the polyethylene terephthalate (PET) originated in plastic waste and
converting it to terephthalic acid (AmberCycle Industries, 2021). Terephthalic acid can be used
for producing high-quality plastic products, including fibres and bottles (Pacheco & Davis, 2014).
Similarly, Apple’s supplier’s report in 2018 showed that display and enclosure protection films,
made from PET, can be used as product trays later in the manufacturing line (Apple, 2018). Plastic
waste recycling at Apple is expected to eliminate over 200 tonnes of solid waste annually (Apple,

2018).
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3.1.2.9. Agricultural straw
"Agricultural straw" waste is only addressed in Asia and South America (Figure 2a). This

might be on behalf of the types of industries and their association with agricultural residues in
Asian and South American countries. Agricultural straw can have multiple uses, including but not
limited to producing ethanol (Fang et al., 2010), agricultural fertilizers (Yin et al., 2018), animal
feeds (Seglah et al., 2019), and paper (Espinosa et al., 2016). Agricultural straws can also be used
as a substitute for oil and natural gas as a source of energy (Croce et al., 2016). China is identified
as one of the greatest generators of agricultural straw (Hong et al., 2016). However, inefficient
straw (i) collection, (ii) transportation, (iii) storage, and (iv) marketing are known as some of the
barriers to its recycling (Liu, H. et al., 2018; Wang, Z. et al., 2020). An environmental summary
from a South American company that produces sugar and ethanol revealed that over 99% of the
straw from its sugarcane fields is used for multiple purposes, including fuel (bagasse) and

byproducts (food trays) (IDB, 2021).

3.1.2.10. Others
Around 13.0% of collected studies are about paper, textiles, tires, fly ash, packages, chlorine

residue, livestock waste, and foundry sand cumulatively, as shown in Figure 2. Less interest in
recycling these classes of waste might be due to the abundance of raw materials, the complexity
of recycling methods, and lower demand for recycled products. For example, paper recycling is
only possible if the paper treatment facilities collect the dry and clean papers, while a large amount
of paper waste 1) originates from oily food packages, ii) contains water-resistant, chemically
changed paper containers, iii) contains printing materials and stickers, and iv) classifies as plastic
waste due to the presence of plastic coatings (e.g., waxes and silicon oils) (Van Velzen et al.,
2021). Similarly, a review of textile waste reported that 1) absence of motivation and broadcasting;
i1) absence of practical regulations and incentivization; iii) lack of public recognition; iv) absence
of collection facilities; and v) diversified product materials and chemicals are some of the

challenges that dampen the overall recycling rate of textile waste (Hole & Hole, 2020).

3.1.3. Treatment method and waste origination
Collected documents are classified based on the treatment methods as recycling, integrating

multiple solutions, composting, raising awareness, reusing, incinerating, redistributing, reducing,
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biogas extracting, and fermenting. It is noteworthy to mention that some documents can be
categorized into multiple treatment classes. However, details were used to better assign a document
to a specific class. For example, composting can be addressed as a recycling method. However, it
is believed that the presence of composting as an additional class might better define the scope of

a group of studies.

3.1.3.1. Recycling
The term "recycling" stands for collecting, processing, and producing new materials

(physically or chemically altered) to reduce the total waste stream and extend the lifespan of
disposal sites (EPA, 2022b). Recycling is found to be the most effective waste treatment method
before landfilling and accounts for 52.3% of the entire collected documents, as shown in Figure 3.
In addition, recycling is applied for industrial, residential, non-residential, and agricultural waste

sources (shown in Figure 3).

Industrial recycling accounts for 22.6% of all treatment methods. Thus, focusing on different
innovative methods for reducing the generated waste for landfilling would be of great importance.
As an example of industrial recycling, a Chinese study showed that fly ash residues from power
plants can be used as the raw materials for ash bricks with a fly ash content of over 50% (Wang,
L. et al.,, 2016). Experimental results also showed that the final products meet the national

requirements for building material standards (Wang, L. et al., 2016).

Recycling, both residential and non-residential, accounts for 20.2% of all treatment methods.
Therefore, any enterprise that collects its primary material from residential and non-residential
sources can also play a vital role in recycling. This class shows the practices that do not solely
target a particular audience. For example, a Columbian study showed that the collected tires from
different sources can be integrated with polyurethane resin to generate flexible rubber tiles (Revelo
etal., 2021). They also reported that the final product has a satisfactory level of density and tension
and can thus have multiple applications, including rubber wall and ceiling cover (Revelo et al.,

2021).

Residential recycling, those only focus on residential sources, accounts for 7.1% of all
collected documents. For example, a paper art workshop is designed to train participants about the

possibilities of changing used papers into different products such as greeting cards, picture frames,
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calendars, and decorative pieces (Makhzoumi Foundation, 2016). In addition, a Chinese study in
2021 reported that using maggots in combination with organic materials originated in household

waste can generate organic fertilizers (Liu, Y. et al., 2021).

Agricultural recycling explains 2.3% of the collected documents. The conversion of
agricultural straw to ethanol (Fang et al., 2010), agricultural fertilizers (Yin et al., 2018), animal
feeds (Seglah et al., 2019), and paper (Espinosa et al., 2016) are some of the examples.
Furthermore, an Indian company only used agricultural straw such as banana fibre and bamboo to
create baskets, trays, placemats, coasters, lamp shades, car seat covers, and colour pencils

(Kadaipai, 2019).

3.1.3.2. Multiple solutions
Multiple solutions, which account for 19.0% of total documents, include methods that can be

categorized into different classes. Multiple solutions are found in documents that target industrial
(8.3%), residential and non-residential (4.7%), and residential (5.9%) waste. For example, a
Japanese company with a major focus on construction projects released an annual report in 2020
around the completed projects, initiations, and planning where CO2 reduction, waste reduction,
and responsible use of natural resources are identified as some of the management strategies
(Shimizu, 2020). Another Canadian company, called Enerkem, generates biofuels and renewable
chemicals from non-compostable and non-recyclable materials (e.g., textiles) from both residential

and non-residential sources (Enerkem, 2017).

3.1.3.3. Composting
The term "composting" refers to the process of converting organic waste into rich, fertile soil

in the presence of oxygen (USEPA, 2022c). Composting is being widely practiced by residential
and non-residential waste generators due to 1) its simplicity for adoption and production, ii) the
abundance of organic waste in almost all of our daily lives, and iii) the applicability of the final

products in gardening for soil improvement (USEPA, 2022c).

Composting accounts for 15.4% of the collected documents and is used for residential and
non-residential (7.1%), residential (5.9%), and institutional (2.3%) waste. For example, Eco
Energy, an Indian company, provides a wide spectrum of composting kits, lasting for 30 to 40
days, for residential waste as well as biodegradable materials including cotton and paper bags,

paper straws, and wooden cutlery (SRM Institute of Science and Technology, 2019). Furthermore,
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Western University in Canada issued a student guide in 2020 that particularly addressed practices
related to the environment and sustainability (Western University, 2020). It is believed that the
zero-waste initiative can be attained until 2022 by implementing practices such as institutional

composting (Western University, 2020).

3.1.3.4. Other practices
The remaining methods, including biogas extraction, reusing, raising awareness, incinerating,

redistributing, reducing, and fermentation, account for less than 2.3% of collected documents
individually (13.1% cumulatively). The reason for their unpopularity might be rooted in
unfavorable economic outcomes, complex processing methods, a lack of multiple stakeholders’
involvement, and public conflict. For example, there should be proper reactors to capture and
separate different types of biogas derived from anaerobic digestions, including CH4 and CO2
(USEPA, 2022d), and therefore, this might not be a feasible option for some classes, such as

residential waste sources.

Despite the fact that textile reusing can be beneficial in a circular economy and sustainable
material cycle (Han, S. L. et al., 2017; Lugo et al., 2020); lower raw material costs and a cheap

labor force increase societal consumption (Dos Santos & Campos, 2021).

Furthermore, Joseph (2006) reported that raising awareness around an efficient solid waste
management system in developing countries needs a greater level of involvement from
governmental organizations, private companies, policymakers, and communities and therefore

might not be easily attained.

In addition, despite the fact that there is not enough evidence for the association of adverse
health outcomes for communities reside in the neighborhood of incinerators, public attitude

towards incineration as an alternative way of landfilling is not positive (Domingo et al., 2020).

Redistribution of food surplus might also seem an alternative way to reduce the food waste.
However, associated complexities might tighten redistribution’s development. For example, a
study about food donations by retailers in Britain showed that food distribution is comprised of a
set of activities that include food storage accommodating, early distributing of perishable food,

maximizing the total number of food recipients, and minimizing the leftover food waste
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(Alexander & Smaje, 2008). Therefore, a logistical arrangement with the presence of charities and

retailers might be necessary (Alexander & Smaje, 2008).

Reducing waste is also known as one of the options among the collected documents. However,
it is associated with increased awareness about the methods for waste reduction before its

generation (Afroz et al., 2011).
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Figure 3: waste treatment methods and generation sources

3.2. Waste management in Canadian cities with similar population size

3.2.1. City of Windsor
The City of Windsor, located in Ontario with an approximate population of 230,000, has a

waste collection schedule for both residential waste and recyclables to cover the entire city based
on 8§ different zones ranging from 1A to 4B (City of Windsor, 2022a). Public drop off depots are
also considered with a tipping fee commensurate with the type and size of clients’ waste. For
example, recyclable items (e.g., electronic waste, scrap metal, chemical waste, and tires) can be
disposed of freely (City of Windsor, 2022b). However, for other waste types, every client can

dispose of four loads annually, ranging from 0 to 100 kg, for a rate of $5 per load. Overage waste
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will be charged at a rate of $10 per load. Excluded waste types are radioactive, biomedical,
industrial, commercial, and unidentified (City of Windsor, 2022b). The cost of collecting bulky
items, which must not exceed 200 pounds, is $10 per item and should be planned ahead of time

(City of Windsor, 2022c).

Aside from 3R (reduce, reuse, recycle), residents of Windsor are encouraged to Refuse (e.g.,
reject getting extra bags and packaging for groceries shopping), Rot (e.g., composting with
available home waste such as fruits, and vegetables), Repurpose (e.g., using glass jars to store bolt
and nuts), Repair (e.g., fixing a chair with a broken leg instead of throwing it away), Return (e.g.,
return empty liquor bottles to the store for a refund), Refill (e.g., stores with refill feature to
eliminate the single use packaging), Rent (e.g., use your nearest public library to access to different
gaming, reading, recording devices) in their daily life (City of Windsor, 2022d). It is recommended
to avoid single-use materials by using cloth diapers, towels, rechargeable batteries, and reusable
cutlery (City of Windsor, 2022¢). Buying in bulk and "naked" is also advised as a method to reduce
waste and save money (City of Windsor, 2022d).

In addition, a "Household Chemical Waste (HCW)" depot and reuse center is established in
the City of Windsor to freely accept paints, fuels, home and automobile waste, chemicals, batteries,
cooking oil, and florescent light bulbs. It is believed that separating these items from the
mainstream waste going to landfills might reduce the contamination chances for neighboring water

resources (City of Windsor, 2022¢).

3.2.2. City of Burnaby
The City of Burnaby, located in British Columbia with a population of slightly over 249,000,

provides waste collection and recycling plans for different classes, such as houses and duplexes,
apartments, including condos and townhouses, and commercial units. The curbside collection
schedule differs based on these classes. For example, weekly collection services are provided for
houses and duplexes, while commercial units can receive such services based on their needs with
flexible scheduling (City of Burnaby, 2022a). However, such businesses are also charged based
on the amount of waste they generate and the frequency with which they receive services. The City
of Burnaby recommends that business owners save money by reducing waste through various

methods, as is listed below, including recycling (City of Burnaby, 2022b):

21



1) Metro Vancouver tip sheets, recycling signage, and instructions for schools, property
owners, and retail centers

2) Accessibility to recycling locations and types of acceptable materials

3) Accessibility to the Recycling Council of British Columbia (RCBC) which provides
services including the Recycling Hotline and Recyclopedia.

RCBC Recyclopedia allows all residents to find out where to drop off their recyclables based
on their location and type of material. For example, if you are living in Burnaby and you want to
recycle your car’s used tires, by choosing the "car or light truck tire" category for the materials and
"Burnaby" for the location, 22 locations and retailers will appear to choose from. Such retailers
are participating in recycling programs based on their businesses. For example, "The Garage," a
retailer in car repair services, is a participant in Tire Stewardship BC. Tire Stewardship BC is
accountable for recovering scrap tires in the province (Tire Stewardship BC, 2022). Some sponsors

and stewards for RCBC are included in Table 1.

Table 1: Details of involved stewards in the greater RCBC recycling plan and their target material, a part of
extended producer responsibility (EPR) plan (BCrecycles, 2022)

Name of steward Receiving materials

Call2recycle Recycling low weight batteries

B ’s Recycled Container Collecti .
rower s teeyc-ed Lontanet Loflection Refillable glass beer, cider & cooler, metal beverage alcohol cans

Council (BRCCC)
Return-It Beverage Cans, any type of bottles, drink boxes, cartons, alcohol containers
Recyclemycell Any type of cell phones (batteries included)
Outdoor power equipment institute (OPEI) Any type of powered outdoor power equipment
Canadian Battery Association (CBA) Any type of industrial and non-industrial acid batteries
Productcare recycling Hazardous wastes, paints, light bulbs, gasoline, flammable solvents
Small electric appliances such as toasters, drills, vacuum cleaners,
ElectroRecycle .
microwaves
BC used oil management association Any type of oil wastes, filters, anitfreeze

It is also advised that cardboard, plastic, cans, and other containers should be placed in blue
carts and yellow bags. Plastic containers, regardless of their materials, can be recycled. This
includes but not limited to milk jugs, bakery items, clamshells. However, they all should be rinsed

to remove all food residue (City of Burnaby, 2022c).

3.2.3. City of Saskatoon
Saskatoon, Saskatchewan, has a population of around 273,000 people and is located in the

province's northern central region. Since Saskatoon and Regina share the same province, their
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provincial regulations around solid waste management, as well as climatological attributes and
allocated financial resources, might be similar to some extent. Thus, the City of Saskatoon’s solid

waste management plans are comprehensively covered in this review.

3.2.3.1. Saskatoon recyclables
Saskatoon provides collection, management, monitoring, and training plans around different

aspects of solid waste. For example, from January 1, 2022, all businesses, regardless of the number
of employees or type of work, are required to provide labeled containers for garbage and
recyclables and inform their employees how to properly separate the different types of waste. This
bylaw can have an exemption only if the employees 1) do not produce recyclable materials in their
work space and ii) are prone to some unexpected risk during the recycling process (a self-
declaration form should be filled out for the exemption) (City of Saskatoon, 2022a). This bylaw is
going to be implemented throughout the city from the beginning of 2023, allowing all business
owners a one-year timeframe, from January 2022 to December 2022, to provide the necessary
facilities and educate their crews (City of Saskatoon, 2022a). It is noteworthy to mention that
businesses in Saskatoon are responsible for about 68% of the generated waste, which is not mostly
garbage. In addition, the city of Saskatoon provides two locations as depots, including
"cosmopolitan industries" and "loraas recycle," for those industries that want to use self-hauling

solutions for their business (City of Saskatoon, 2022a).

Similar to the city of Burnaby, the city of Saskatoon also provides an application for its
residents to indicate the destination of recyclables based on their customers’ products, which is
called "Waste Wizard". For example, if "Tire" was entered in "Waste Wizard," a suitable recycling
location would have been shown as the "Tire Stewardship of Saskatchewan (TSS)" for recycling
rimless tires (TSS, 2022). "Waste Wizard" identifies the best options, alternative options, and

special instructions for recycling (City of Saskatoon, 2022b).

The City of Saskatoon recycles materials from curbside blue carts assigned for houses and
apartments, recycling depots located in specified places (e.g., Lawson Heights, University Heights,
and Lakewood), and runs a "household glass" program (City of Saskatoon, 2022c). Recycling
guides are provided in different languages, and acceptable items include paper products (e.g., paper
and cardboard, newspaper, cereal and cookie boxes, magazines, paperback books, copier paper,

and paper egg cartons), plastic containers (e.g., food plastics, juice and drink boxes, emptied
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cleaning bottles, clam shells, trays and pots, and cups' plastic lids), aluminum (e.g., protection foil,

drink cans, jar lids), and glass (e.g., wine and beer bottles, glass jars) (City of Saskatoon, 2022d).

3.2.3.2. Saskatoon Organic waste
Saskatoon integrated four different plans, including the Green Cart Program (free of charge

with a focus on yard waste), Compost Depots (residents drop off different compostable waste in
these depots, including leaves, pot soil, garden refuse, and residues from tree trimming), Home
Composting (offering $20 compost bins along with training materials accessed on the
Saskatchewan Waste Reduction Council), and Christmas Tree Composting (specific locations for
live tree drop off from December 26 to January 31) (City of Saskatoon, 2022¢). Every year,
composting depots provide up to one cubic yard of nutrient-rich free soil to residents and are open
all year except during the winter season. The remaining compost soil is being used in Saskatoon

community gardens and parks.

3.2.3.3. Saskatoon Household Hazardous waste (HHW)
In order to prevent HHW from entering landfills, the City of Saskatoon partnered with the

GFL environmental group to pick specific days for HHW collection between April and November
each year. Drop-off days and locations are announced before the event, and residents can collect
and drop off their HHW (e.g., car oil, any type of battery, cleaners, light bulbs, and vaping devices).
Details of acceptable materials can be found in Saskatoon HHW (City of Saskatoon, 2022f).

3.2.3.4. Saskatoon Community programs
The City of Saskatoon suggests all residents locate their unwanted items next to the sidewalk

on their property and label them as free. In addition, it is recommended to keep an eye on what is
put out for free on the curbside by neighbors. In addition, the city is working with the
Saskatchewan Waste Reduction Council to create and deliver recycling and composting training
events for newcomers (City of Saskatoon, 2022g). Similarly, the city’s recycling partners (e.g.,
Cosmo and Loraas) provide education around recycling practices in their facilities (City of

Saskatoon, 2022g).

3.2.3.5. Saskatoon recovery park landfill expansion plan
The City Council approved a recovery park concept plan in December 2019 to serve as a one-

stop waste drop-off location for its residents. Its funding was approved in late 2020, and the facility

will open to the public by 2023 (City of Saskatoon, 2022h). The major objective of this idea was
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to create a place for overall recycling improvement in the greater Saskatoon area by accepting
different materials such as metals, appliances, C&D waste, plastics, HHW, bicycles, oils, and elm
wood. Municipal benchmarking is evaluated by the city of Saskatoon to identify the functionality
of the recovery park in bringing materials to life. In this regard, Table 2 shows the comparison
between some municipalities (including Saskatoon and Regina) and additional options that can be
integrated by the presence of a recovery park (City of Saskatoon, 20221). All the aforementioned
diversion practices in Table 2 are implemented in depots (supported by the municipalities),
disposal sites (including the engineered landfills), and transfer stations. As it can be seen in Table
2, the City of Edmonton has almost all recovery and recycling options for different products except
bikes. Smaller cities, such as Regina and Saskatoon, however, only support diversion in specific
categories, such as recyclables in receptors (e.g., depots) and metal. Regina and Saskatoon are
responsible for collecting yard waste and HHW at specific events and occasions previously

planned by the municipality.

Thus, the presence of a recovery park, as an integrated part of the city’s landfill, can help the
City of Saskatoon to: 1) recover electronic and battery waste; i1) accept year-round yard waste; iii)
recover construction materials (originating in C&D waste); 1v) recycle scrap tires; v) recycle and
convert used oil to other products; vi) assist residents in finding suitable used materials; and vii)

separate mattresses to recover their materials.

Table 2: Level of service for residential waste (including the recyclables) in three municipalities (Edmonton, Regina,
Saskatoon current status, and Saskatoon integrated recovery park plan)

Integration of
. Saskatoon
City Edmonton Regina recovery park
(current status)
in Saskatoon
Electroni
ec onllcs and Y Depots i Y
batteries
Recyclables v Depots Depots v
Recovering
and recycling vard waste v Depots (§pec1ﬁc Depots (.Spemﬁc v
. occasions) occasions)
options
C&D v - - v
Metal v v v v
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HHW specific

Ti -
ires days
Used oil v v
HHW (paint HHW specific HHW specific
included) days days
Fairly used
materials
Bikes - v
Mattresses - -
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3.3. Consultation with local enterprises and non-profit organizations

3.3.1. Saskatchewan Waste Reduction Council (SWRC)
SWRC was formed in 1990 to find a comprehensive solution in different waste-related aspects,

including raising awareness, introducing active enterprises to communities, organizing waste-
related workshops and events, publishing a quarterly newsletter, and participating in non-profit
activities aimed at reducing waste (SWRC, 2022a). Similar to BC provincial programs, SWRC
created a waste reduction hub that informs all residents about the recipients of different waste
types. This includes but is not limited to agricultural plastics (e.g., safety nets, plastic mulch for
plant protection), bulky items, batteries, beverage containers, car seats, C&D waste, E-waste, light
bulbs, glass containers, HHW, mattresses, metals, tires, used oil, paper and cardboard, tires, and
textiles. Once the item is selected, a detailed explanation of the issues, potential destinations for

recycling, end-of-life applications, and reduction tips is provided (SWRC, 2022b).

Similar to the city of Windsor, SWRC provides tips around a low-waste lifestyle and generates
a pyramid based on priorities called "buyerarchy". This approach encourages people to rethink
different aspects of their shopping approach by questioning the quality and durability, purpose,
and level of their need (SWRC, 2022c). It also asks all residents to practice rejecting items such
as plastic straws, extra bags, and napkins while they are eating and drinking outdoors. Reducing,
repairing, regifting, renting (sharing), and composting are also considered as some of the factors
to help improve the environment by reducing waste and expanding the lifespan of landfills

(SWRC, 2022c¢). Figure 4 schematically shows the SWRC "buyerarchy" (SWRC, 2022c).

[ Make

Thrift j
r Swap
Borrow j
r Use what you have

Figure 4: SWRC “buyerarchy” designed for a low waste living lifestyle

3.3.1.1. SWRC explains Extended Producer’s Responsibility (EPR)
An informal consultation with SWRC board members highlighted the fact that producers,

companies, and enterprises that manufacture a product, are responsible for handling the waste that
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originated in their products. This responsibility encourages enterprises’ owners to design
environmentally friendly products that can be easily repaired, recycled, and recovered. Examples
of current responsible producers for different classes of waste in Saskatchewan are shown in Table
3 (Government of Saskatchewan, 2022).

Table 3: Responsible producers for collecting, recycling, and recovering different classes of waste in Saskatchewan
(EPR program)

Agricultural plastic Cleanfarms is responsible for proper handling of bags, containers up to 23 liters,
grain bags, totes and drums, pesticide and livestock medications

Batteries Call2Recycle is responsible to collect and recycle household batteries (has
depots in SARCAN)

Beverage containers ~ SARCAN depot is responsible to take non-refillable containers

Electronics Electronic Product Recycling Association (EPRA) is responsible for recycling
end of life electronic waste

HHW Product Care Association of Canada is responsible to safely collect and manage
hazardous waste

Used oil and The Saskatchewan Association for Resource Recovery Corporation is

antifreeze responsible to collect and recycle used oil.

3.3.2. Re-Appliable Parts Inc
During an informal talk with the manager of Re-Appliable Parts Inc., it was believed that high-

quality items with extended durability were not produced in recent years, which favored the market
but also damaged the environment with their high production and disposal rates. Thus, considering
the power of advertising, people are culturally adapted to a new form of market, lower quality
products, and higher demand for brand new items. Re-Appliable provides parts for non-
functioning home appliances in Regina, Saskatchewan (Re-Appliable Parts Inc., 2022a). They also
improve the culture of fixing and reusing bulky items by offering maintenance services for
dishwashers, stoves and ovens, refrigerators, washers, and dryers (Re-Appliable Parts Inc., 2022b).
Unlike the city of Regina landfill, which charges residents for dumping and recycling their bulky
items, Re-Appliable provides free space to dispose of your stuff (Re-Appliable Parts Inc., 2022b).
Thus, Re-Appliable is a sample of a small successful model that is trying to implement reducing,
recovering, and recycling in the Regina community. Figure 5 shows the recycled (or restored) parts

and appliances in Re-Appliable's Regina depot.
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Figure 5: Inside the Re-Appliable depot, a place for fixing bulky items, buying needed devices for appliances, and
restoring non-fixable ones for recycling

3.3.3. Bridge City Bicycle Co-op (BCBC)
BCBC was established in Saskatoon around 2013 as a station to help residents get used bikes,

fix their bikes, and provide maintenance tools for their bikes during a specific time of the year.
Their vision is to provide everyone with access to a bike and the ability to move autonomously
while also supporting the environment and reducing negative footprints (BCBC, 2022). There are
also volunteer opportunities for youth to spend some time learning how to fix bicycles and
contribute to their communities. They ask their neighbors to donate their unwanted bikes as a way
of supporting their communities (BCBC, 2022). In addition, they restore different parts of bicycles
(e.g., metal frames and tires) from landfills. Therefore, they create lots of opportunities while
reducing adverse environmental effects. Figure 6 shows the BCBC store (with available restored
bicycles and needed tools such as wrenches). Stan Yu (one of the members on the Board of
Directors) also highlighted that there might be a potential for a sole Co-op source provider to set

up an operation at the landfill to divert discarded bikes to BCBC (currently operating as bicycle
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diversion projects). It is noteworthy to mention that BCBC is currently diverting around 700

bicycles each year from the city landfill in Saskatoon.

Figure 6: BCBC store located in Saskatoon, photos taken by the owner of BCBC

3.3.4. Habitat for Humanity
Habitat for Humanity Restore is a charitable group of companies that focus specifically on

providing affordable houses and accommodation for low-income families. They organize
communities to support low-income families in achieving prosperity and independence (Habitat
for Humanity Saskatchewan, 2022a). They give families a firm foundation for happier and
healthier lives with the assistance of volunteers, sponsors, and contributors. Habitat Saskatchewan,
a regionalized foundation, has been formed since the beginning of 2021 by merging habitat

branches located in Regina, Saskatoon, and Prince Albert (Habitat for Humanity, 2022a).

Habitat for Humanity (Regina Branch) accepts donations for different home appliances,
furniture, and other unused or unwanted items. As a result, before purchasing expensive, brand-
new products, it is worthwhile to look around the store for hidden treasures. Profits from selling
items in stores are used to provide affordable houses with zero percent mortgage interest rates for

eligible family members (Habitat for Humanity, 2022b).
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During an informal interview with Gary Gurtler, director for provincial restores, it was
reported that wooden items left from home renovations and lumber yards (classified as C&D and
wood waste) are also vital for Habitat for Humanity, as they are looking for affordable options to
build houses. Habitat for Humanity accepts home renovations in eight different categories,

including: (Habitat for Humanity, 2022c);

1) clean and non-chipped porcelain bathtubs and toilets
2) good working condition kitchen cabinets

3) working appliances

4) clean and undamaged doors and windows

5) unnailed larger pieces of woods

6) clean and undamaged wooden tiles for flooring

7) lights, switches, and switch covers

8) complete package of handles and knobs

3.3.5. The Log House Thrift Store
The Log House Thrift Store is not simply a local thrift store only responsible for accepting

donated second-hand clothing items for redistribution. The store is involved in many other local,
national, and international nonprofit activities. For example, at the local level, the store collects
bread three times a week from Cobb's Bakery and distributes it in projects designed for feeding
people. In addition, cakes and cookies are collected from the Co-op Rochdale branch monthly and
given to communities such as North Central Family Center, Marian House, and AIDS Regina (The
Log House Thrift Store, 2022). On a global scale, they provide clothing and ship it to Ghana to
help villagers and local hospitals.This thrift store also accepted the responsibility of being a part
of different communities by providing them with different items commensurate with their needs.
Some of these communities are "Community Living Donations", "Correctional Institutional Book
Donations", "Human Society", "Personal Care Products", "Days for Girls", "Herchmer School",
and "Pass the Word Books" (The Log House Thrift Store, 2022). It should be noted that the store
is giving away over $150,000 CAD annually through different donation programs (The Log House
Thrift Store, 2022).

Log House Thrift Store encourages people to engage in their projects by doing volunteer jobs,
helping in labeling and classifying items, donating gently used pieces of clothing, raising
awareness about the presence of the store in the neighboring communities, and shopping for

second-hand items (The Log House Thrift Store, 2022).
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4. City of Regina

4.1. Current status

The City of Regina's plan is nearly identical to that of its neighbor, the City of Saskatoon. For
example, Regina developed a web-based search called "Waste Wizard" that indicates where to put
your recyclables. For example, if "textile" is entered as the type of material, some recycling
enterprises will show up as "H&M" and "The Prairie Summit Shop" while they also identify stores
for secondhand reuse options such as "Extraordinary Woman Plus Size Consignment", "The Log
House Thrift Store Inc", "Value Village", "Carmichael Outreach", and "Once Upon a Child". In
addition, stores where you can repair your clothes are also listed as "Bregg Cleaners", "Clark’s
Luggage & Shoe Repair", "Dean Renwick Design Studio", "Frank’s Shoe Repair", and "Venice
Tailors" (City of Regina, 2022b).

The City of Regina, like other Canadian municipalities, collects recyclables in blue carts with
a guideline for its residents. Acceptable materials for the blue cart include various plastic bottles
(e.g., containers for milk, peanut butter, vitamins, and liquid soap); all types of papers (e.g.,
cardboard, cartons, magazines, shredded papers); food and beverage containers; glass containers;
and black food trays. However, residents are encouraged to send a portion of their recyclables
(including cans, juice boxes, jar glasses, and alcoholic beverages’ containers) to SARCAN for the

deposit refund (City of Regina, 2022b).

Since a substantial part of municipal waste is organic, the city council planned to provide green
carts (relatively smaller than blue carts) for curbside collection of food and yard waste. Green carts
will be introduced to residents by 2023 (City of Regina, 2022c¢). This plan is also believed to assist
the city in attaining its 65% waste diversion target while extending the landfill's lifespan and
reducing methane emissions. Acceptable materials for these carts would be food leftovers, dairy,

fat, and dirty papers (paper napkins) (City of Regina, 2022c).
4.2. Proposed model

Despite the fact that the municipality is actively introducing new plans to improve its diversion

and recycling rates, an integrated approach should be framed to identify the responsibilities of
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different stakeholders and enterprises in the solid waste management sector. Thus, a framework is
initiated schematically in Figure 7. It is believed that implementing such a comprehensive plan
might be time- and budget-consuming; however, the results would alleviate the municipalities'

responsibilities in tackling solid waste while also profiting all small enterprises and residents.

In this prescribed model, the municipality's and city residents’ engagement is encouraged from
the beginning. For example, the city of Regina can distribute tagged bags for waste collection in
different classes, including composting, recycling, and garbage (such as Canada Post prepaid
stamps). Therefore, similar to the "Polluter pays principal (PPP)" approach reported by Gaur et al.
(2022), residents with higher garbage generation might pay more for a greater number of garbage
bags, while those with a higher number of composting bags can pay a flat rate. Education on how
to compost organic materials, recycle products, and reuse functioning items should also be

incorporated in the city’s plan through schools, events, and non-profit organizations (e.g., SWRC).

Generated waste can then be directly sent to either transfer stations (by the waste collection
fleet) or city-designated depots (by residents), as is shown in Figure 7. The City of Regina can
allocate (or lease) depots to enterprises in the waste management sector after registration. For
example, Re-Appliable Parts can have a registered depot for collecting a specific type of waste
(bulky items and appliances). Re-applicable parts might also have a representative in the transfer
station to directly divert the bulky items to their registered depot. Enterprises are then responsible
for evaluating whether the received items are recoverable or recyclable (or should be sent to

incineration for energy extraction or landfills for final disposal).

Recovered items would be returned to stores, either separate or integrated with the enterprises’
depots, with reduced prices for customers’ use (which can be separate or integrated with the
enterprises' depots), as is shown in Figure 7. Appliable Parts Inc. and BCBC are examples of
integrated depots and stores that recover, sell, and donate unwanted appliances and bicycles,

respectively.

Organic materials (bags with composting tags) can be directly sent to composting facilities to
generate fertile soil for municipality parks (e.g., Wascana Park) and residents' personal use
(individuals may be charged based on their use). Composting, facilities, and applications are

explained in sections 3.1.2.1, 3.1.3.3, and 3.2.3.2.
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Recycling facilities can be fed by unwanted items coming from both depots and transfer
stations. Items received by recycling facilities are used to generate primary material for other
industries. These materials can be stored and distributed in stores, as shown in Figure 7. Different

types of recycling approaches and materials are included in sections 3.1.2 and 3.1.3, respectively.

The discarded portion of waste that is not recoverable, compostable, or recyclable might end
up in incinerators or power plants to keep recycling facilities up and running. The residue would
be transported to either recycling plants (for example, those producing fly ash bricks; see section

3.1.3.1) or the Regina city landfill.

In order to reduce the collection and transfer costs, an integrated recovery park might be
allocated in the neighborhood of the city landfill (similar to Saskatoon's recovery park) to locate

transfer stations, enterprise depots, composting plants, recycling facilities, and incinerators.
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