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ABSTRACT 

Canadians disposed 965 kg of solid waste per capita (kg/cap) in 2010, while in 

Nova Scotia, a Canadian province, the average disposal was only 390 kg/cap. Using 

aggregate data from national surveys, the first part of this study used regression analysis 

to analyze disposal and diversion trends, and their relationships with expenditure, GDP, 

business size, and diversion rates in Nova Scotia, Québec, Ontario, and nationally. Waste 

diversion increased by 35% in Nova Scotia, compared to a 1.5% increase nationally over 

the study period (1996-2010). In Nova Scotia, Ontario, and Canada there were somewhat 

strong relationships between GDP and residential diversion (0.5 ≤ R2 ≤ 0.8); however, 

Nova Scotia had a strong and positive relationship (R2 = 0.886, p = 0.0016) between non-

residential diversion and GDP. An analysis of capital and operating expenditure found 

that, using a simple linear model, Nova Scotia would only have to spend $455/tonne of 

waste managed to achieve a diversion rate of 60%, while Ontario would have to spend 

$2,200/tonne of waste managed to achieve the same result. Nova Scotia has more waste 

management businesses per capita, and the average number of employees increased more 

than in other provinces, implying that diversion requires more employees than disposal, a 

finding consistent with the literature.  

In the second part of this study, multiple regression analysis was conducted to examine 

diversion trends with respect to percentage of expenditure on various parameters related 

to the management of solid waste in Canada. Budget allocation varies significantly in 

Nova Scotia, with only 33% of the budget being spent on Collection and Transportation, 

compared to the national average expenditure of 46%. In Nova Scotia, tipping fees were 

strongly positively related (m = 2.044, p = 0.001) to diversion rate. Interestingly, tipping 



ii 

 

fees were found to be related to diversion rates in Nova Scotia and Canada, but not in 

Ontario or Québec. A lagged relationship between increases in budget allocation for 

operation of organics processing facilities and diversion rates was found in Québec, with 

a lag period of about 6 years. When considering Nova Scotia’s regional curbside collection 

diversion rates and operations costs for disposal, recycling, organics processing, and 

transfer facilities, only garbage and recycling operations costs were found to be related to 

diversion rates. It appears that regions with only transfer facilities have poor diversion 

rates compared to regions with landfill disposal facilities. 
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CHAPTER 1: INTRODUCTION & LITERATURE REVIEW 

1.1 Solid Waste Management in Canada 

In 2010, Canadians generated 965 kg of solid waste per capita (Statistics Canada, 

2010), compared to 735 kg/capita generated in the United States, and 500 kg/capita 

generated by European OECD countries (OECD, 2015). Urbanization rates, consumption 

patterns, household revenues, lifestyle, income level, and household size are commonly 

reported factors on increased waste generation (Bandara et al., 2007; Bonam, 2009; 

Senzige et al., 2014). In Canada, residential waste generation is related to increased family 

income and gross domestic product (GDP), population growth, lack of producer 

responsibility, and declining average household size (Bonam, 2009; Wang et al., 2016). 

The rate of increase in Canadian solid waste disposed over the study period (1996-2010) 

is appalling, increasing by more than 20%. Meanwhile, waste diversion only increased by 

1.5% in Canada. However, Nova Scotia, a maritime province, has performed well by 

reducing waste disposed by 34% from 1996-2010.  

  Because of the high availability of non-developed land, landfilling is a logical 

choice for many Canadian communities (Wagner and Arnold, 2008; Bonam, 2009; 

Assamoi and Lawryshyn, 2012; Statistics Canada, 2012). In 1989, the Canadian Council 

of Ministers of the Environment (CCME) adopted a goal to divert 50% of municipal solid 

waste (MSW) by the year 2000 (Wagner and Arnold, 2008), a goal which was not met as 

of 2010. ON, QC, and NS are all provinces located in eastern Canada. Combined, ON and 

QC make up just under 30% of Canada’s land area, while NS, located on the eastern 

seaboard, makes up less than 1%. These areas were chosen to complement the literature 
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on waste management in western provinces reported by Wang et al. (2016) and Bruce et 

al. (2016). 

1.1.1 Solid Waste Management in Ontario 

The Ontario Minister of Environment set a provincial recycling target of 60% for 

all residential recycling material in 2011. Mueller (2013) used program characteristics, 

such as bag limits and user pay programs, to evaluate the effectiveness of ON policies on 

recovery rates through a combination of t-tests and regression techniques. He found that 

(i) a system focused on more convenience to the user is more important for increased 

diversion rates than penalizing users for non-compliance, and (ii) only the number of 

materials collected and the presence of a garbage limit were significantly related to better 

recovery (Mueller, 2013). Lakhan (2014) modeled municipal recycling rates against a 

number of variables, and found that promotion and education did not increase recycling 

rates in ON. He concluded that unless there is an acceptable infrastructure system for 

accepting and handling other types of recycling, promotion and education will not help to 

increase recycling rates. According to Lakhan (2016), declining resource stocks, increased 

waste generation, and a scarcity of available landfill space have drastically changed 

recycling practices in ON, requiring more comprehensive and cost-effective waste 

diversion programs. Diversion rates have stalled in ON in recent years (2014-2016), and 

for the first time since the inception of the Blue Box program, there appears to be a 

decreasing trend in recycling (Lakhan, 2016). 

1.1.2 Solid Waste Management in Québec 

Metson and Bennett's (2015) recent case study on phosphorus recycling and 

organic diversion strategies detailed common diversion barriers observed in Montréal, the 
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largest city in QC (24% of the population). The three identified barriers were: (i) facility 

locations and siting issues; (ii) difficulties in cost estimation due to impurities and compost 

quality; and (iii) the level of support and involvement of participating neighbourhoods. 

According to Metson and Bennett (2015), the city was likely going to fail to meet the 

provincial government mandate for 60% organic waste diversion by 2015. 

1.1.3 Solid Waste Management in Nova Scotia 

Unlike ON and QC, NS has taken a more active approach with solid waste 

management issues. In 1995, NS approved their first Solid Waste Resource Management 

Strategy (SWRMS), adopting a goal of 50% diversion set out by the CCME (Wagner, 

2007). After the implementation of the SWRMS, a number of studies aimed to evaluate 

and analyze the components of NS’s strategy for: waste management policies (Wagner, 

2007; Wagner and Arnold, 2008); economics (Wendt, 2001; Walker et al., 2004) and 

environmental improvements (Goodick, 2002). Greene (2001), Wagner (2007), and 

Wagner and Arnold (2008) discuss the various regulations and bans that were part of the 

Environment Act, passed in 1995, as a major player in the success of the SWRMS. In 

addition, various stewardship programs were introduced, and include: recycling beverage 

containers, used tires, leftover paint, electronics, household hazardous waste, and 

unwanted clothing & textiles. According to Greene (2001), approximately 1,000 jobs were 

created, and the province has approximately 3,000 jobs in the solid waste management 

sector as a result of the SWRMS. The strong link between the SWRMS and the economy 

has helped to make the program a success (Wagner and Arnold, 2008).  

Other studies have examined the costs and benefits of NS's SWRMS. Wendt (2001) 

compared a theoretical minimal diversion scenario to the SWRMS. Looking specifically 
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at the Halifax Regional Municipality, the waste management strategy has a total annual 

cost of approximately $253/person; however, Wendt (2001) reported that the strategy has 

an annual benefit of at least $363/person using cost benefit analysis. Goodick (2002) 

comes to a similar conclusion about the success of the SWRMS, in that it provides positive 

environmental impacts. Prior to the introduction of the SWRMS, NS had more than 100 

active dumps, many of which used open burning, and did not have proper attenuation for 

leachate (Goodick, 2002). The environmental burdens relieved between 1995 and 2001 

due to the implementation of the strategy were equivalent to the emissions from 40,000 

cars for one year (Goodick, 2002). Walker et al. (2004) estimated a cost savings between 

$33 and $178 per person in NS from the 1996-1997 fiscal year to 2000-2001 fiscal year, 

implying that the strategy had paid for itself, without considering the positive effects of 

new job creation and a cleaner environment. 

Table 1-1 shows some key findings with respect to waste management and GDP 

(Gross Domestic Product, defined in section 2.1), business size, employment, and 

expenditure around the world. Some studies (Liu and Wu, 2010; Conference Board of 

Canada, 2014; Wang et al., 2016; Bruce et al., 2016) have discussed how GDP is related 

to waste generation. Other studies (Folz, 1999; Giroux, 2014) examined the relationships 

between increasing diversion rates and increased expenditure on solid waste management. 

Goldman and Ogishi (2001) studied the employment and economic value of diversion and 

disposal rates in the US. They estimated that 2.5 new employees would be required to 

manage 1,000 US tons in disposal operations annually, while 4.7 new employees would 

be required for diversion under similar conditions.  
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Table 1-1: Economic factors related to waste management  

Economic 

Factor 
Location (Country) Key Findings Data source References 

GDP 

Saskatchewan, 

Alberta  

(CA) 

 

 

Positive relationship found 

between non-residential waste 

diversion, GDP 

Provincial 

data, 

Government 

surveys 

Wang et al., 

2016; 

Bruce et al., 

2016 

Ontario 

(CA) 

 

 

Increasing diversion rate to 

60% would increase GDP by 

$1.5 billion 

Provincial 

data, 

Government 

surveys 

Conference 

Board of 

Canada, 2014 

(China) 

 

 

 

 

Using multiple statistical 

analysis, relationship between 

GDP and waste generation 

was not as ‘clear cut’ as 

previously thought 

National data, 

Government 

records 

Liu and Wu, 

2010 

Employment 

Ontario 

(CA) 

 

 

Increasing diversion rate to 

60% would create 13,000 jobs 

Provincial 

data, 

Government 

surveys 

Conference 

Board of 

Canada, 2014 

Arizona, Florida, 

Maine, Minnesota, 

Nebraska, North 

Carolina, 

Washington 

(U.S.) 

 

Recycling increased net 

employment level, value 

added in a number of states 

(other studies) and California 

California 

waste industry 

and 

government 

agency 

records, other 

studies 

Goldman and 

Ogishi, 2001 

NS, CA There was higher 

employment in NS, which 

also has an average diversion 

rate 32% higher than the 

national average. 

 

Provincial 

data, 

Government 

surveys 

This study 

Business 

Size 

NS, ON There are nearly twice as 

many waste management 

businesses per capita in NS 

compared to ON.  

 

Provincial 

data, 

Government 

surveys 

This study 

Expenditure 

NS, BC 

(CA) 

 

 

 

Local governments with 

higher per capita operating 

expenditures tended to have 

higher than average diversion 

rates in 2010. 

Provincial 

data, 

Government 

surveys 

Giroux, 2014. 

158 cities in 25 

states 

(U.S.) 

Cities with mandatory 

recycling had higher 

diversion. Programs were 

more expensive 

Surveys sent 

to local 

recycling 

agencies in 

1990 and 1997 

Folz, 1999. 
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1.2 Operating Expenditure and Diversion Rates 

Because of a high availability of undeveloped land, land is relatively cheap and thus 

landfilling is a logical choice for many Canadian communities (Bruce et al., 2016; Wagner 

and Arnold, 2008). Canadians spent an average of $85/capita on waste management 

operating expenditure in 2014 (Statistics Canada, 2017a, c). Not surprisingly, Canadian 

diversion rates are relatively low, with the average Canadian only diverting about 26.5% 

of their waste in 2014 (Statistics Canada, 2017b).  

Ontario (ON) and Québec (QC) are Canada’s two largest provinces considering both 

area and population.  Combined they have an area of 2.743 million km2, about 27% of 

Canada’s entire land area, and a population of about 21.815 million, or 61.4% of Canada’s 

total population (Statistics Canada, 2016a). Both provinces were responsible for 

approximately 59% of the waste generated in Canada in 2014, and 63% of the waste 

diverted in the same year (Statistics Canada 2017a, b), and both provinces spent an average 

of $82/capita on waste management operating expenditure (Statistics Canada, 2017a, c). 

Lakhan (2016) studied the distribution of funding to Ontario municipalities and recycling 

rates. Using data from Waste Diversion Ontario (WDO) and modelling via regression 

analysis of changes in recycling rates and program costs as a function of changes in 

funding to municipalities, Lakhan (2016) found that changes in recycling rates and 

program costs are dictated almost entirely by factors unrelated to municipal 

incentivization. Adhikari et al. (2010) investigated the impact that community compost 

centres and home composting would have on future scenarios. They found that by 2025, 

these on-site practices could reduce management costs by anywhere between 34-50%. 
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Table 1-2 summarizes other key expenditure features and their effects on diversion rates 

in Canada and around the world. 
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Table 1-2: Expenditure areas in solid waste management 

Exp.  Area Key Findings Data Source/Methodology References 

T
ip

p
in

g
 (

D
is

p
o

sa
l)

 F
ee

s 
(T

F
) USA 

Tipping fees vary depending on land costs and laws.  

Higher TFs make market-based incentives more effective, 

since savings related to waste diversion can be included 

when calculating costs and benefits. 

 

21 American Cities, representing only small cities. 

Data collection carried out via telephone/mail surveys. 

Comparative analysis. 

Ready and 

Ready, 1995 

USA/

CA 

TFs much higher at Canadian waste facilities, compared to 

American facilities. 

Organics may be cheaper to compost than to landfill. 

 

 

 

Personnel from 8 aerobic composting facilities, and 2 

digester facilities were interviewed. Government 

organizations in the respective jurisdictions were also 

interviewed. 

Levis et al., 

2010. 

NS 

Increasing TFs reduces the economic advantage of 

disposal over material recovery. 

TFs are one of the strongest financial incentives to divert 

waste. 

 

Case study based on NS waste model. Wagner and 

Arnold, 

2008;  

 

NS 

Illegal dumping due to increases in tipping fees may be an 

issue. 

Genuine progress index applied to Nova Scotia waste 

model between 1989 and 2001. 

 

Walker et 

al., 2004 

 

C
o

ll
ec

ti
o

n
 &

 T
ra

n
sp

o
rt

at
io

n
 

(C
&

T
) 

VAR 

Collection, transfer, and transportation practices are 

affected by improper bin collection, poor route planning, 

lack of information about collection schedules, insufficient 

infrastructure, poor roads, and number of vehicles for 

waste collection. 

 

Review of publications from 2005-2011 published in 

Waste Management and Waste Management and 

Research on developing nations. 

Guerrero et 

al., 2013. 

IN 

Cost of labour, which constitutes a large portion of C&T 

costs is important. Cost of labour in cities is higher 

compared to sub-urban areas. Optimum strategy will 

depend on cost of labour and land. 

 

Questionnaires prepared and personal interviews 

conducted in various government organizations. 

Linear optimization model. 

Rathi, 2007 

CA/ 

EU 

Management of compost through centralized facilities 

increases C&T costs. 

Comparison of various landfilling and composting 

scenarios. 

 

Adhikari et 

al., 2010 

CA/ 

NS 

46% of expenditure is on C&T in CA. Because of a 

relatively high pop. density in NS (17.04 cap/km2 in 2010), 

Provincial waste management data gathered every 2 

years by Statistics Canada. 

Linear regression analysis. 

Richter et 

al., 2017a 
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NS may spend less on C&T because vehicles don’t have to 

travel as far as often. 

This relocation of resources may allow for increased 

spending on diversion programs. 

 

NS 

Transportation costs associated with waste transfer will 

continue to increase because of the small number of 

landfills in NS. These  

increased costs with further economically justify diversion 

practices. 

 

Case study based on NS waste model. 

 

Wagner and 

Arnold, 

2008. 

D
iv

er
si

o
n

 P
ro

g
ra

m
 E

x
p

en
d

it
u
re

 

ON 

Improvements in waste diversion can be done by: 

increasing recycling performance, lowering program costs, 

or subscribing to best practices. 

Waste Diversion Ontario (WDO) data was used to 

develop a regression model. 

Lakhan, 

2016 

NS 

Centralized composting facilities needed to charge 

between $30-70/tonne of waste to fund development of 

infrastructure and subsequent operation of facilities. 

Case study based on NS waste model. 

 

Wagner and 

Arnold, 

2008. 

NS 

Diverting solid waste from landfill by recycling and 

composting increases the life of landfills and decreases 

annual operating and capital costs of the landfills. 

Genuine progress index applied to Nova Scotia waste 

model between 1989 and 2001. 

Walker et 

al., 2004 

Note: Areas are denoted using the following abbreviations: USA: Unites States, CA: Canada, NS: Nova Scotia, VAR: Various regions, IN: India, EU: 

European Union, ON: Ontario. 
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Despite the poor performance of the average Canadian in terms of waste management 

and diversion practices, residents of Nova Scotia (NS), a maritime province located on 

Canada’s east coast, only produced 682 kg/cap of waste in 2014, and diverted 43.4% of it 

from landfills. On average, in NS, about $109/capita was spent in 2014 on waste 

management operating expenditure. Many studies have investigated which factors may 

have helped NS to achieve such a high diversion rate (Wendt, 2001; Goodick, 2002; 

Walker et al., 2004; Wagner and Arnold, 2008; Richter et al., 2017a; Richter et al., 2017b).  

Walker et al. (2004) used the Genuine Progress Index (GPI) to assess the costs and 

benefits related to NS’s Solid Waste Resource Management Strategy (SWRMS). They 

found that the actual implementation of the SWRMS led to a per capita cost increase from 

$53/cap to $77/cap between 1997-2001, in constant dollars ($C2000). However, the total 

benefits from the program were estimated to be $33 - $178/cap after the implementation 

of the SWRMS, considering environmental and economic benefits. Walker et al. (2004) 

also found that, on a regional level, the average disposal cost/tonne (in constant 2000 

dollars, denoted $C2000, which is the value considering their purchasing power compared 

to a base year) for 1st generation landfills (without engineering controls) was 

approximately $36/tonne, while the cost for 2nd generation landfills (with engineering 

controls) was approximately $71/tonne, and the cost for transfer of waste to other disposal 

facilities was about $51/tonne. This finding may imply that an optimal distribution of 

waste management facilities, on a regional level, exists. 

Richter et al. (2017a) used linear regression to investigate how various business and 

industry factors may be related to diversion rates in NS, ON, QC, and CA. In their study, 

they found that spending less than $250/tonne of waste managed was not effective in 
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raising diversion rates in CA. They also found that NS focused on improving diversion 

rates, whereas other areas studied seemed to focus more on lowered or minimized costs. 

As well, in NS only about 31% of government expenditure was on collection and 

transportation (C&T), about 20% less than other study areas. Richter et al. (2017a) found 

that this difference in allocation of resources may have allowed for NS to invest in more 

sophisticated technologies which may have helped to increase diversion rate. Richter et al. 

(2017a) found that expenditure on post closure maintenance may have had a negative 

effect on diversion rates in certain regions in Nova Scotia. For example, the Cape Breton 

Regional Municipality had a diversion rate of 34% and had an estimated post closure 

maintenance fee of $41.2M for landfills within the region, compared to the Colchester 

County region, which had a residential diversion rate of 62.6%, but only had an estimated 

post closure maintenance fee for landfill in the municipality of $12.1M. 

1.3 Objectives 

1.3.1 Disposal, diversion, and business trends of the Canadian WM Industry 

The first part of this study aims to look at disposal and diversion trends from 1996-2010 

in Canada, with special focus on business and economic trends. The objectives in Part 1 

of this study are thus:  

(i) compare and contrast disposal and diversion trends in Nova Scotia (NS), 

Québec (QC), Ontario (ON) and in Canada (CA) as a whole from 1996-

2010, and 

(ii) determine the relationships between waste diversion, expenditure, and 

GDP in each study area, and  

(iii) examine financial and employment features over the study period with 

respect to diversion rates.  
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1.3.2 Percent business expenditure and diversion rates of the Canadian WM Industry 

There are a limited number of studies available on waste management expenditure in 

Canada. Generally, the literature aims to discuss expenditure on a variety of different 

parameters, however, no studies have looked at varying allocation of the entire budget on 

the waste management system, and its relationship to diversion rate. As well, most studies 

on expenditure use a small subset of data, for example, surveys of a subset of the 

population, phone interviews, or local data. The goal of this paper is to examine percentage 

allocation of budget from provincial data and diversion rates. The objectives in Part 2 of 

this study are:  

(i) to investigate how varying allocation of resources, at the provincial level, 

affects diversion nationally and in 3 Canadian provinces using multiple linear 

regression (MLR) and principal component analysis (PCA), and 

(ii)  to inspect regional costs of disposal, recycling, organics processing, and 

transfer facilities and their effect on diversion rates by applying MLR to see if 

an optimal distribution of waste disposal and diversion facilities exists. 

1.4 Organization of the Thesis 

This Thesis had been organized using the traditional format where the chapters contain 

discussion of the aspects of both studies. Chapter 1 introduces Canadian waste 

management models and the current assumptions in the literature, as well as the objectives 

of the study. Chapter two will present the methodology and design of the two modelling 

studies. Chapter three will discuss the results and applications of the two studies, as well 



13 

 

as future applications and studies. Chapter four will summarize the major findings of the 

two studies. 

CHAPTER 2: METHODOLOGY 

2.1 Statistics Canada Data 

Data for this study was collected from Statistics Canada, a federal agency tasked with 

producing statistics on Canadian trends in population, resources, economy, society, and 

culture. Waste management data from 1996-2010 was collected, verified and processed 

from 8 Waste Management Industry Surveys (Statistics Canada, 1996, 1998, 2000, 2002, 

2004, 2006, 2008, 2010). When available for 2012-2014, data was added to the studies 

from CANSIM (Canadian Socio-Economic Information Management System) tables 

(2017a, 2017b, 2017c, 2017d). 

In Canada, waste data is collected via survey biennially. The survey gathers 

information on financial characteristics and waste management activities undertaken by 

both public and private sectors. Surveys collect data for one fiscal year, for example, in 

2010, data was gathered between April 1st, 2010 and March 31st, 2011. In 2010, 1353 

businesses and local governments were surveyed, and 1054 (78%) were fully or partially 

completed, and an additional 231 (17%) were considered in-scope, equating to a response 

rate of 95% (Statistics Canada, 2010). Due to the nature of the waste management industry 

in Canada, only waste and diverted materials that have been collected, processed, and 

disposed by either local governments or private waste management firms are included in 

the survey results collected by Statistics Canada. Any waste or diverted material that is 

managed directly by the generator is excluded from this study. 



14 

 

This study focuses solely on non-hazardous waste. Non-residential waste is generated 

by industrial, commercial, and institutional (IC&I), construction and demolition (C&D) 

sources. Diversion is the quantity of material diverted from disposal facilities, the sum of 

all materials processed for recycling at an off-site recycling or composting facility. 

Nominal Gross Domestic Product (GDP) is a primary measure of the total value of all 

goods and services produced within a boundary each year. It is used to evaluate the 

economy: an increase in GDP implies that the economy is expanding, while a decrease 

implies that the economy is contracting (Statistics Canada, 2015). Government 

expenditure is the money spent by the government on solid waste management, while 

capital expenditure is the money spent by businesses and organizations in the solid waste 

management sector, both of which are quoted in constant 2010 dollars in this paper.  

Current expenditure is broken up into 6 different categories by Statistics Canada, 

which include: Collection and Transportation (C&T), Tipping Fees (TF), Operation of 

Disposal Facilities (Disp.), Operation of Recycling Facilities (Recyc.), Operation of 

Organics Processing Facilities (Org.), and Other (Oth.). Collection and Transportation 

(C&T) is the cost associated with the collection and transportation of waste from the source 

to disposal facilities. Tipping Fees (also known as disposal fees) are fees paid to the owner, 

lessor, or operator of a landfill (or recycling, organic, or waste processing facility) for the 

right to dispose of waste within that landfill. These fees may be assessed on a weight, 

volume, or per item basis (Statistics Canada, 2010). Operation of disposal, recycling, and 

organics processing facilities are the expenditure related to the operation of any of these 

facilities. The ‘other’ category broadly encompasses any expenditure that does not fit into 

the 5 previous categories. For example, contributions to landfill post closure and 
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maintenance funds were reported as part of the ‘other’ category prior to 2008 (Statistics 

Canada, 2010). 

Analysis of monetary data required that values be analyzed in constant dollars to fairly 

compare data without inflation influencing the purchasing power from year to year. The 

Consumer Price Index (CPI) was used to inflate dollars values to constant dollars in their 

respective years (Statistics Canada, 2017e).  

Regional data in Nova Scotia was obtained from the Government of Nova Scotia’s 

open data portal (Government of Nova Scotia, 2015). This data was recorded from April 

1st, 2014 to March 31st of 2016, and included data on: MSW disposal totals (garbage, 

recycling, and organics), curbside collection tonnages, IC&I tonnages, C&D tonnages, 

cost of curbside collection, units served, population, and services offered in each region. 

This data was verified for consistency using methods similar to Richter et al. (2017b), and 

differences in expenditure were found to be about 5.94%, well within the acceptable range 

as discussed below.  

Regionally, operations costs were estimated for differing facilities. The operations 

cost for landfill disposal sites, material recovery facilities (recycling), and organics 

processing facilities were taken from consolidated financial statements from the County 

of Colchester, located in the Northern waste management region (Colchester County, 

2015). The operations cost of transfer stations was estimated using energy consumption 

data from Goodick (2002). Relative proportions of energy consumed by landfills and 

transfer stations were compared, and the relative cost of transfer stations as a function of 

landfills was found. 
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To ensure reliability and accuracy, the collected data was verified by comparing 

values reported by Statistics Canada to provincial governments in each study area. 

Generally, differences in data were small, usually less than 10%. Typically, these 

discrepancies in data are expected and can be explained by differences in waste definitions 

and the lack of a standardized system of classification and measurement (Statistics Canada, 

2008), as well as differing reporting periods, for example some areas report using calendar 

years, while others use fiscal years to report. Given the nature of the materials, the ranges 

of uncertainties are acceptable. Bruce et al. (2016), Wang et al. (2016), Richter et al. 

(2017a) and Richter et al. (2017b) reported similar ranges of uncertainty in Canadian waste 

data. 

2.2 Linear Regression Analysis 

Linear regression analysis has been widely used for detecting and estimating trends 

and correlations in environmental and solid waste management data (Hess et al., 2001; 

Brix, 2010; Monavari et al., 2012; Wang et al., 2016; Chowdhury and Ng, 2015; Bruce et 

al., 2016). Linear regression is a parametric statistical tool used to identify the straight line, 

called the least squares regression line, which best represents observations in a bi-variate 

data set. The coefficient of determination (R2) is interpreted as the proportion of the 

variance in the dependent variable that is predictable from the independent variable (0 ≤ 

R ≤ 1). 

      𝑅2 =
𝑆𝑆𝑦𝑦−𝑆𝑆𝐸

𝑆𝑆𝑦𝑦
  (1) 



17 

 

Where SSyy is the sum of the square deviations in the y variable, and SSE is the sum of 

squared errors (Mendenhall and Sincich, 2016). 

In this study, the finesses of the linear regression model are defined as follows: 

linear relationship not detected (0 ≤ R2 ≤ 0.2), weakly fit (0.2 < R2 < 0.5), somewhat fit 

(0.5 ≤ R2 ≤ 0.8), and reasonably fit (R2> 0.8). These definitions are similar to those used 

by Wang et al. (2016) and Bruce et al. (2016). A p-value (or observed significance level) 

for the t-statistic of less than 0.05 is considered significant, similar to other studies in the 

waste management field (Kishore et al., 2014; Licy et al., 2013; Worku and Muchie, 2012). 

2.3 Multiple Linear Regression (MLR) 

 Multiple Linear Regression (MLR) relates a dependent variable (y) to two or more 

independent variables. The general form of the MLR model is given in equation 1, below: 

𝑦 =  𝛽𝑜 + 𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ +  𝛽𝑘𝑥𝑘 + 𝜀 

Where y is the dependent variable, xi (i = 1, 2, …, k) are the independent variables, βi (i = 

0, 1, 2, …, k) are the regression coefficients, and ε is the random error. MLR uses 4 main 

assumptions: (i) the mean of ε is 0, (ii) for all settings of the independent variables, the 

variance of ε is constant, (iii) the probability distribution of ε is normal, and (iv) the random 

errors are independent (Mendenhall and Sincich, 2016). MLR was used in this study as an 

extension of simple linear regression, to see if more than one expenditure parameter was 

related to diversion rate. MLR has been used by a number of studies in the field of solid 

waste management (Baird et al., 2013; Azadi and Karimi-Jashni, 2016; Wei et al., 2013). 

Both the F-test and Adjusted R2 are used to determine the overall adequacy of the 

MLR model in this study. The F-test is used for overall model adequacy and verifies that 
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at least one of the model coefficients is non-zero. The F-statistic is given from the formula 

below (Mendenhall and Sincich, 2016). 

𝐹 =
𝑅2/𝑘

(1 − 𝑅2)/[𝑛 − (𝑘 + 1)]
 

Where n is the number of observations, k is the number of independent variables, and R2 

is the multiple coefficient of determination (which measures how well an MLR model fits 

a set of data). 

The adjusted multiple coefficient of determination (R2
adj) is an alternative to R2 used 

for multiple linear regression, and is more conservative compared to R2. The R2
adj adjusts 

for both the sample size and the number of slope parameters in the model. It is always 

smaller than R2 and can not be forced to 1 by adding more independent variables. It may 

be used to assess the adequacy of a model and is given in the formula below: 

𝑅𝑎𝑑𝑗
2 = 1 −

(𝑛 − 1)

𝑛 − (𝑘 + 1)
(1 − 𝑅2) 

Where n is the sample size, k is the number of independent variables, and R2 is the multiple 

coefficient of determination (Mendenhall and Sincich, 2016). 

Forward stepwise regression (FSR) was used in the development of the MLR 

models, with the most significant parameter from linear regression being used first. FSR 

was used since the presence of multicollinearity could be easily addressed as the model 

was built. The hierarchy for assessing each model was to: (1) check that p-values for T-

test (sample size smaller than 30) were less than 0.05, or 95% significance (Azadi and 

Karimi-Jashni, 2016; Baird et al., 2013), (2) the results from the F-test were less than 0.05, 

and (3) that R2
adj was greater than 0.6 for MLR (Brix et al., 2017). 
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Multicollinearity between explanatory variables can lead to trouble with correct 

analysis (Azadi and Karimi-Jashni, 2016) so Principal Component Analysis (PCA) was 

used to verify that multicollinearity was not introduced into the model. PCA is a 

multivariate statistical method that uses orthogonal transformation to convert a set of input 

variables to a smaller number of linearly uncorrelated interpretable variables (Jolliffe, 

2014).  

2.4 Cross-correlation 

Cross-correlation is a statistical tool commonly used to detect similarity between two 

sets of time series data as a function of the lag (or delay) between the two. It is commonly 

used in fields such as seismic refraction, finance, physiology, and topography (Podobnik 

et al., 2010; Vorburger et al., 2011; Mustafa and Hakan, 2014).  It has been used within a 

very limited scope within the field of waste management (Richter and Ng, 2017a; Richter 

and Ng, 2017b). 

The cross-correlation function (denoted Cxy) estimates the degree of correlation 

between two sets of time series data where one is a function of the shift (also called lag, 

or delay) of the other. The cross-correlation function is: 

𝐶𝑥𝑦 = (𝑡 + 𝜏, 𝑡) =  
1

𝑇
∫ 𝑥(𝑡 + 𝜏)𝑦(𝑡)𝑑𝑡

𝑇

0

 

Where τ is the shift, T is the duration, and t is the time increment (Chen et al., 2007). 

The maximum value of the cross-correlation coefficient (Cxy) is ±1 (100%) and indicates 

that the time series datasets are either exactly the same (Cxy = +1) or exactly dissimilar 

(Cxy = -1) when the delay is zero. Typically, the value of Cxy will vary between 0 and ± 1, 
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depending on how similar the two sets of data are (Vorburger et al., 2011). The software 

package XLStat was used in this study, and the confidence interval was set at 95%, similar 

to previous work (Richter and Ng, 2017a; Richter and Ng, 2017b). All data was normalized 

to ensure accurate comparison between data sets when cross-correlation was applied. 
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CHAPTER 3: RESULTS & DISCUSSION 

3.1 Canadian and Nova Scotian Waste Management Models 

3.1.1 Waste Disposal and Diversion 

In Figure 3-1a, waste disposed in Canada (CA) increased by 7.4% from 898 kg per 

capita in 1996 to 965 kg per capita in 2010. A steady increase of 15% in waste disposal 

per capita was observed from 1996 to 2006, and a decreasing trend of 6.6% from 2006 to 

2010. Waste disposal in NS and ON increased by 4.7% and 16%, respectively, from 1996 

to 2010, while a decrease of 12.9% was observed in QC. From 2008 to 2010, however, 

decreasing trends in waste disposal were observed in all cases. In comparison, over the 

study period disposal rates were on average 33% lower in NS. 

Figure 3-1b shows the temporal variability of waste diversion rates from 1996-

2010. National (CA in figures) waste diversion increased marginally over the study period, 

from 23% in 1996 to 24.5% in 2010. A significant improvement in waste diversion of 

about 6 times was observed in NS from 1996 to 2010. However, QC showed an opposite 

trend compared to NS. QC waste diversion was 36% in 1996, the highest of NS, QC, and 

national data. This elevated diversion rate is questionable, as discussed in the subsequent 

section. Waste diversion in ON marginally increased, from 20% in 1996 to 22.9% in 2010, 

comparable to Bruce et al.'s (2016) observations in Alberta and British Columbia, two high 

population provinces in Western Canada, suggesting that Canadian provinces with higher 

populations increase diversion rates slowly over time. While Canada underperforms in 

terms of solid waste management, NS has made strides to increase diversion rates. For 
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example, in 2008 the diversion rate in NS was 45%, the highest achieved between 1996 

and 2010 by any Canadian province or territory.  
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(a) 

 

(b) 

Figure 3-1: Canadian and select provincial (a) waste disposal rates and (b) diversion 

rates from 1996 to 2010 
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3.1.2 Expenditure in Waste Management 

In 2010, about $368 was spent per tonne of solid waste managed in NS, which was 

nearly double what QC spent in the same year. In Figure 3-2, there is a strong positive 

slope (slope, m =0.188), and somewhat of a fit (R2=0.592, p=0.0256) between dollars 

spent per tonne of waste managed and diversion rate in NS. There does not appear to be 

any strong linear relationship between dollars spent per tonne and diversion rate for ON, 

QC, and nationally (R2 < 0.5, p > 0.05 for each area). Unlike others, the QC linear model 

has a mild negative slope (m = -0.074, R2 = 0.127). QC diversion in 1996 was 36%, 

significantly higher than the average diversion rate of 27% over the study period. The total 

number of tonnes prepared for recycling or reuse in QC in 1996 included 875,110 tonnes 

of C&D waste. Typically, these were not included as part of other material tonnages for 

the rest of the study areas. As such, a diversion rate of 36% in 1996 is considered 

artificially inflated (Statistics Canada, 1999). 
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Figure 3-2: Diversion and money spent on solid waste management 
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A simple linear model was proposed to find the cost in dollars spent per tonne of 

solid waste managed to obtain a diversion rate of 60%, the adopted diversion goal for ON 

(Government of Ontario, 2013), assuming status quo conditions. In NS, a diversion rate of 

60% would require an expenditure of $455 per tonne, compared to an expenditure of 

$2,200 per tonne in ON. The estimates for ON are considered less reliable given the small 

R2 value (=0.112) and the non-linear nature of these curves; however, they can be used 

comparatively to exhibit differences in dollars spent to increase diversion rates. It is 

hypothesized that the differences may stem from distinctions in services offered during 

the study period, system efficiency, and/or employee wages. For instance, NS's landfill 

ban on organic waste early in the study period increased its diversion rates (Figure 3-1b), 

and added another source separated waste stream for management, which may perhaps 

vary in cost depending on collection methods (depots vs. curbside). In 2010, NS diverted 

158 kg/cap of organics, 2.4 times more than in CA at the same time, suggesting lower 

management scope on average. Figure 3-2 also shows two distinctive branches for the 

collective data set, suggesting that spending $250 or less per tonne may not be an effective 

way to improve Canadian diversion rates under current conditions.  

Figure 3-3 shows that national unit capital expenditures spent on waste 

management during the study period increased very slightly from 1996 to 2010, ranging 

from about $14 per tonne to $26 per tonne. Expenditures in ON and QC ranged from $9 

per tonne to $23 per tonne. Capital expenditure per tonne of solid waste managed in NS 

was significantly higher than ON and QC, and varied from $28 per tonne to $95 per tonne 

over the study period. NS has always invested more on its waste facilities compared to ON 

and QC, and NS has been able to improve diversion by 6 times the original rate, whereas 
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the other areas have struggled to raise their diversion rate by even 10% (Figure 3-1b). As 

well, ON, QC, and national data suggest that unit capital expenditure have stayed relatively 

constant, suggesting minimal efforts to improve existing waste infrastructure. The 

exaggerated peaks in NS in 1998 and 2006 may be attributed to the introduction of the 

SWRMS in NS in 1995. After adopting a goal of 50% diversion in the province, changes 

were needed to ensure that this could actually be accomplished. NS historical data suggests 

that increasing expenditure on diversion by about 6 times the original expenditure in 1995 

(before the SWRMS came into force) may be required in order to meet exceptional 

diversion rates, which in this case, improved diversion by about 5 times over the study 

period. 

Unit government operating expenditure on solid waste managed over the study 

period yielded similar trends (data not shown). As in Figure 3-3, there was increased 

spending between 1996 and 2010 in ON, QC, and nationally, but only to a very small 

degree compared to NS. NS consistently spent more money per tonne of solid waste 

managed than the other study regions. NS also had peaks in 1998 and 2006, corresponding 

well to peaks in capital expenditure. Over the study period, NS’s average capital 

expenditure was about 2.4 times the national average, while the average government 

operating expenditure was about 3.7 times the national average. This suggests a focus on 

maintaining low or minimized costs in ON, QC, and nationally, as opposed to NS's focus 

on increasing diversion rates (Figure 3-1b). 
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Figure 3-3: Unit capital expenditure in Canada and select provinces 
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3.1.3 Gross domestic product (GDP) 

Nominal GDP values were used in this study. Figures 3-4a and 3-4b show that NS 

has a reasonable fit (R2=0.866, p=0.0008 for residential diversion, R2=0.830, p=0.0016 for 

non-residential diversion) and the strongest correlation between diversion rates and GDP, 

with residential diversion being the stronger of the two (m = 2.292 vs. 1.732). ON, QC, 

and national data also have positive slopes for residential waste (Figure 3-4a), but are 

flatter compared to NS, along with weaker fits (0.5<R2<0.8, p<0.05 in all cases). The 

Conference Board of Canada (2014) found that increasing diversion likely affects GDP 

since new businesses create jobs, and extra services are required for these extra diverted 

materials.  

However, programs targeting non-residential waste were less prominent, and non-

residential waste diversion remained stagnant over the study period (Giroux, 2014). In 

Figure 3-4b, ON, QC, and the national data have negative slopes, and fits ranging from 

weak to reasonable with R2 values larger than 0.75 (p<0.05) with the exception of QC 

(R2=0.336, p>0.05). QC’s weak fit was not due to the 1996 data point mentioned in the 

previous section. When the 1996 point was removed (data not shown), the slope became 

a negligible -0.023 rather than the relatively strong -0.682, and an undetected relationship 

(R2 = 0.002). Once again, NS shows a differing trend when compared to the rest of the 

data. Whereas all other regions in Figure 3-4b show either negative or non-existent 

relationships, non-residential diversion increases with GDP. In NS, there were 6.35 waste 

management businesses per 100,000 people (Table 3-2) in 2010, which was nearly double 

that of ON. This implies that there are more businesses in NS overall, and likely some 

aimed specifically at non-residential diversion, compared to ON and QC. 
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(a) 

 

(b) 

Figure 3-4: Correlations of diversion rates from (a) residential sources and (b) non-

residential sources with respect to GDP 
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Since the inception of the SWRMS in NS in 1995, renewal plans have helped to 

continue increasing waste diversion (Government of Nova Scotia, 2015). According to 

Walker et al. (2004) the SWRMS created 1,011 jobs between 1996 and 2001, which likely 

had a positive impact on GDP in NS. In Figure 3-4b, NS is the only province that has an 

increasing slope for non-residential diversion with respect to GDP. From 2006 to 2010, 

NS had an average non-residential diversion rate 24% greater than the national average, 

indicative of a more successful non-residential diversion system, which currently includes 

7 asbestos waste disposal facilities, 24 C&D disposal facilities, 8 recycling facilities 

(residential and non-residential), and 17 residential and non-residential composting 

facilities (Government of Nova Scotia, 2016). There is no information available on the 

number of these facilities during the study period; however, it is likely that the increase in 

diversion could not have happened without an increase in infrastructure. 

 The increasing slope in NS (Figure 3-4b) may also be explained by the differences 

in goods producing sectors in the provinces. Goods producing industries are likely 

responsible for a greater amount of non-residential solid waste production compared to 

services producing industries in Canada due to size of the operation, and nature of 

manufacturing processes. As shown in Figure 3-5, the agricultural, forestry, fishing, and 

hunting industries are more prominent in the goods producing sector in NS (25%) 

compared to the other study areas (13% in CA) and therefore contribute more to GDP than 

in other provinces. 

Organic landfill bans in NS, in place since 1998 (Government of Nova Scotia, 

2014), may have prompted industry growth. Agricultural, forest, and fishing sectors 

produce more organic waste than others, and since all organic material is banned from 
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entering landfills in NS, industries that do not directly manage organic waste on site must 

find other means of waste management. Currently, there are 17 composting facilities in 

NS, all of which accept IC&I waste (2 of these facilities are strictly for IC&I), including 

mink carcasses, fish processing waste, wood chips, and farm waste. In NS, there are 1.79 

composting facilities/100,000 people (Government of Nova Scotia, 2016), compared to 

0.56 composting facilities/100,000 capita in ON (Ontario Waste Management Association, 

2016). However, it is likely that the real reason for higher non-residential diversion rates 

is a mixture of several aforementioned explanations. 
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Figure 3-5: 2006 Census employment in goods producing sectors in NS, QC, ON, and 

CA (Data from Statistics Canada, 2009)  
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3.1.4 Business size and employment 

Over the study period, NS increased its business size from approximately 12 

employees per business in 1996 to 21 employees per business by 2010. In ON, QC, and 

nationally, the business size also increased over the study period, however, not to the same 

degree as in NS. ON stands out most for having the lowest slope (-0.033) and weakest fit 

(R2=0.001, p=0.4825) of the study regions (Figure 3-6). It also had the most employees 

per business, and lowest diversion rates, meaning that larger businesses may not be ideal 

for increasing diversion rates, perhaps because larger businesses are more centralized, and 

not as accessible. The large number of employees per business may be due a variety of 

factors specific to ON, such as (i) ON being the most populated province in Canada (Table 

3-2), (ii) a focus on manual sorting in recycling facilities rather than mechanical methods 

(considering their low capital expenditures in Figure 3-3), and/or (iii) preference among 

decision makers for contracting to fewer businesses over many small ones. Interestingly, 

despite similarities in population (Table 3-2) and distribution of sectors (Figure 3-5) in QC 

and ON, QC has a much smaller average business size compared to ON, while also having 

a higher diversion rate (Figure 3-6).  
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Figure 3-6: Diversion rate and waste business size in NS, QC, ON and CA 
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Over the study period, about 46% of total government expenditure in Canada was 

spent on collection and transportation of waste, which is consistent with the literature (Das 

and Bhattacharyya, 2015). From Figure 3-7, we can see that this is the case in ON, QC, 

and nationally. However, in NS, only 31% of the current expenditure is spent on collection 

and transportation, 20% less compared to the other study areas. NS had the highest 

population density in 2010 (Table 3-2) of 17.04 cap/km2, with ON following closely at 

12.19 cap/km2. Typically, the cost of waste collection and transportation depends on 

labour costs, vehicle maintenance costs, and energy costs. Waste collection vehicles in NS 

may not travel as far as often, providing fuel savings and the same level of service to 

residents as in the other areas. Conversely, in QC the population density is noticeably 

lower (5.14 cap/km2), and on average 52% of government expenditure is spent on 

collection and transportation.  
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Table 3-2: Population density and land area for NS, ON, QC, and CA  

Province 
Population 

(1000s) a 

Land Area 

(km2) 

Population Density 

(cap/km2)  

Waste 

Management 

Business Density 

(Businesses/cap)b 

Nova Scotia (NS) 944.0 55,000 17.04 6.35 

Québec (QC) 7900.0 1,542,000 5.14 5.39 

Ontario (ON) 13223.0 1,076,000 12.19 3.65 

Canada (CA) 34150.0 9,985,000 3.40 4.97 

 

Note: 

a 2010 population from Statistics Canada, 2016a 

b Waste management businesses from Statistics Canada, 2010 
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NS spends about 6% of its total average expenditure on tipping fees, nearly half of 

what is spent in ON, QC, and in CA (Figure 3-7). This is consistent with the amount of 

waste disposed in NS landfills during the study period (Figure 3-1a). However, Nova 

Scotians only send about one third less of their waste to the landfill compared to the rest 

of Canadians, while seeing a 50% reduction in tipping fees. These savings may allow NS 

to allocate their budget differently, as can be seen in Figure 3-7, where NS spends about 

35% on operation of disposal facilities (compared to about 20% spent in the other study 

areas), which may infer more advanced and sophisticated disposal facilities, organics 

processing facilities, and recycling facilities. 

Figure 3-8 highlights the superior effectiveness of the SWRMS in NS in contrast 

to ON, QC, and nationally. There is a negative slope (-0.097) and a weak fit (R2 < 0.5, 

p=0.2012) between diversion rate and the amount of solid waste managed per total number 

of employees (full-time plus part-time) in NS. This is probably because diversion rate 

increases sharply, while the total amount of waste handled by each employee stays 

relatively constant during the study period. The diversion rate in NS and ON tended to be 

higher when less waste was managed per employee, supporting Goldman and Ogishi's 

(2001) suggestion that higher employment is required for diversion than disposal. By 

extension, this helps account for the higher waste management per employee in QC and 

nationally, as they had significantly higher disposal rates, operations which require fewer 

employees (Goldman and Ogishi, 2001). However, this assumes that the different regions 

utilize similar technologies in diversion operations. For instance, employment would 

naturally be higher in diversion facilities with manual sorting, while mechanical sorting 

facilities will have fewer employees. 
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 QC and national data show there tends to be an increase in the amount of solid 

waste managed per employee while the diversion rate stays relatively constant, only 

increasing slightly over the study period, again with relatively little relationship between 

diversion rate and amount of waste managed per employee (R2<0.5, p>0.05 in all cases). 

One possible implication is that there are not appropriate means (i.e. legislation, effective 

use of capital, sufficient employees) to deal with this waste over the study period in ON, 

QC, and nationally. 
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Figure 3-7: Breakdown of average government expenditure from 1996 to 2010  
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Figure 3-8: Diversion rate and tonnes of waste managed per employee in NS, QC, ON, 

and CA.  
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3.2 Operation expenditure and Canadian Diversion Rates 

3.2.1 Provincial and National MLR 

Figure 3-9 shows the average expenditure in various areas in each of the study 

regions. C&T expenditure in NS accounts for 30% of total expenditure, less than the 

approximately 46% spent, on average, in CA. Richter et al. (2017a) believed that this 

difference in allocation of resource may have helped NS to achieve a higher diversion rate, 

since money could be spent in areas that help to improve diversion rates, rather than on 

C&T. ON and CA have very similar percentage allocation of resources over the study 

period (1996-2014), while NS and QC are very different from the average Canadian 

province. Looking specifically at NS, the percent expenditure on operation of disposal, 

recycling, and organics processing facilities was much higher compared to national data. 

NS also had the highest average diversion rate over the study period (34%) and the highest 

range of 38%. The average diversion rate and range over the study period for other regions 

was: 28% and 15% (QC); 22% and 6% (ON); and 23% and 6% (CA), respectively. QC 

had the highest average expenditure on C&T, and the lowest average expenditure on 

operation of organics facilities.  
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*C&T - Collection & Transportation; TF – Tipping Fees; Disp. – Operation of Disposal Facilities; Recyc. – 

Operation of Recycling Facilities, Org. – Operation of Organics Processing Facilities; Oth. – Other.  

 

Figure 3-9: Average percentage of expenditure from 1996-2014 in NS, QC, ON and CA 
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Because of the large variations in percentage expenditure and diversion rates in each 

area, MLR was carried out to see if any relationship existed between the expenditure 

parameters (x) and diversion rate (y). Analysis using $2014/cap (constant 2014 dollars) 

was also carried out, as another indicator of allocation of resources with respect to solid 

waste management. The results of this analysis were poor, most likely because the 

expenditure over time (considering inflation) generally always increased. Percentage 

expenditure was chosen as a better indicator since the trends over time were more strongly 

related to diversion rate, and were not necessarily always positive. The results of this 

analysis are shown in Table 3-3. PCA was used to check for multicollinearity between 

variables used in each model. In the case where multicollinearity was present, that model 

was not considered in the analysis.  

Percent expenditure on ‘Other’ was not found to be significant in any of the models. 

This may be because the ‘other’ category encompasses many different areas of 

expenditure, which may change over time and from province to province. For example, 

prior to 2008, money spent on post closure maintenance was part of the ‘other’ category, 

but has since been made into its own category, likely since the environmental aspect of 

landfilling and post closure maintenance has become more important in recent years 

(Giroux, 2014). 

Percent expenditure on operation of disposal facilities (Disp.) was not found to be 

significant in any of the models. This may be because recycling and organics diversion are 

increasing in popularity, resulting in less waste going to landfills, and perhaps implying 

decreasing expenditure on these facilities.  
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Percent expenditure on C&T was not found to be significant in any of the models in 

this study. The relationship between expenditure on C&T is complicated since it is a 

function of collection of garbage, recyclables, and organics. For example, costs of C&T 

may increase if curbside collection of organics or recyclables are introduced. However, 

total C&T expenditure may only increase slightly, since less garbage will be collected 

(Suttibak and Nitivattananon, 2008), and the total amount of waste produced does not 

change. Goodick (2002) found that the energy consumption for material collection more 

than doubled between 1989 and 2001 in NS because of an increase in fuel consumption to 

collect separate streams of waste (recyclables, and to a lesser extent, organics). In this 

study, C&T was not found to be a suitable predictor in any model, perhaps because of the 

interrelationship between collection of garbage, recycling, and organics. 

In NS, TFs were strongly positively related to diversion, while operation of recycling 

facilities was strongly negatively related to diversion rate. Richter et al. (2017b) and 

Wagner and Arnold (2008) found that TFs increased over the study period. In fact, Wagner 

and Arnold (2008) found that prior to the introduction of the SWRMS, some regions in 

NS did not have TFs on waste. It is also worth noting that TFs, in this sense, also apply to 

organics and recycling (depending on regions in NS), so the more waste sent to recycling 

or organics processing facilities, the more money spent on tipping fees. It is important to 

also note that TFs may be strongly related to diversion rate, but that illegal dumping may 

increase. Walker et al. (2004) noted that some regions in NS had dealt with increases in 

illegal dumping, although no quantifiable data was available to substantiate this claim. 

Wagner and Arnold (2008) found that illegal dumping continued to be a problem in NS, 

but that is was not related to the strategy.  
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Table 3-3: Percent expenditure MLR (1996-2014) for NS, QC, ON, and CA 

 

 

 

 

 

 

 

 

 

 

 

 

Study 

Area 

Div. 

Rate
†
 

(y-int.) 

Coefficient (p-value) 
Sign.  

F-Test 

Adj. 

R2 
C&T TF Disp.* Recyc.* Org.* Oth.* 

NS 
32.19 

(0.00) 
- 

2.04 

(0.00) 
- 

-1.37 

(0.07) 
- - 0.00 0.79 

QC 
31.52 

(0.00) 
- - - - 

-2.90 

(0.07) 
- 0.07 0.26 

ON 
20.73 

(0.00) 
- - - 

-0.33 

(0.26) 

1.31 

(0.02) 
- 0.04 0.49 

CA 
11.05 

(0.03) 
- 

0.64 

(0.00) 
- 

0.69 

(0.12) 
- - 0.01 0.66 

 

*Disp., Recyc., and Org. stand for the percentage expenditure on operation of disposal 

facilities, recycling facilities, and organics processing facilities. “Oth.” Stands for other 

expenditure which did not fall into any of the previous categories.  
†p-values for y-intercept shown in brackets. 
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The relatively strong negative relationship in between diversion and operation of 

recycling facilities in NS is interesting. In NS, residential waste consists of and 33% 

plastics and fibre, and in 2014, there were 1.06 recycling facilities/100,000 capita, the 

smallest per capita amount of any type of waste facility in NS (Statistics Canada, 2016a; 

Government of Nova Scotia, 2017). The results seem to show that operation of organics 

processing facilities is more important to diversion rates in NS compared to operation of 

recycling facilities, and that perhaps, the reallocation of money spent has helped to 

increase diversion rates. In fact, in terms of relative percentage of curbside waste collected 

in the 2015-16 fiscal year, about 51% was garbage, 31% was organic waste, and 18% was 

recyclable material (Government of Nova Scotia, 2015). 

 MLR results for ON and QC were both poor, with R2
adj being less than 0.5 in both 

cases, but were included for completeness as the results they provide are worth discussing. 

In QC, only percent expenditure on organics processing facilities was found to be strongly 

negatively related to diversion rates. One possible reason for this negative relationship 

may be because of an artificially inflated diversion rate in 1996 in QC (Richter et al., 

2017a). In 1996, 875,110 tonnes of C&D waste were prepared for recycling, which was 

not typically counted as part of material tonnages in other study areas (Statistics Canada, 

1996). This highlights the need for Canada to develop a national waste classification 

system to provide more comparable provincial data for policy making decisions. Bruce et 

al. (2016) also found that large western Canadian provinces struggled to raise their 

diversion rates over time, a finding that may also apply here, due to the large area of QC 

(and ON) compared to NS, although this assertion would need to be verified due to the 

variable nature of Canadian waste management models.  
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Giroux (2014) found that the overarching goals of QCs waste management strategy 

(from 2011-2015) were to increase expenditure for organics diversion (a planned 

expenditure of $250 M), and planned province-wide disposal bans. Although there is an 

increase in the relative expenditure on organics processing facilities, it may be that there 

is a lagged relationship in between the investment in organics diversion programs and 

increases in diversion. This was confirmed via cross-correlation, and a lag period 

corresponding to 6 years was identified at a confidence level of 95% (not shown). Without 

a lag period, the relationship between percent expenditure on organics processing facilities 

and diversion rate was a negative and relatively poor relationship (m = -0.23, R2 = 0.34), 

however, applying a lagged relationship of six years provided a somewhat strong positive 

relationship (m = 0.32, R2 = 0.55). This would seem to confirm, that based on the data 

available, it takes approximately 6 years for diversion rates to increase in QC after 

increasing expenditure on organics processing facilities. The same methodology was used 

to check for a lagged relationship between percent expenditure on operation of recycling 

facilities and diversion rates, and a lagged relationship of 8 years was found (at a 95% 

confidence level). This may imply that recycling rates are slower to increase after 

increasing expenditure compared to organics diversion rates.  

 In ON, relative expenditure on operation of recycling facilities was slightly 

negatively related to diversion rate, while relative expenditure on operation of organics 

processing facilities was somewhat strongly positively related to diversion rate. Lakhan 

(2016) found that recycling is a costly strategy for many municipalities and that changes 

in recycling rates are dictated mostly by factors that are unrelated to municipal 

incentivization. Lakhan (2016) also suggested that distribution of funding for 
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municipalities in ON, who are responsible for developing their own waste management 

program (Giroux, 2014), should not be related to recycling performance. With respect to 

organics diversion, between 2004 and 2007, the overall composting rate doubled and the 

number of HH with access to curbside collection or depot collection for organics tripled.  

The overall Canadian model showed that relative expenditure on tipping fees and 

recycling facilities were related to diversion rate. It is common for increasing tipping fees 

to be related to diversion rate (Wagner and Arnold, 2008). Giroux (2014) reported that 

tipping fees are low in some Canadian jurisdictions, while Levis et al. (2010) found that 

tipping fees were much higher at Canadian facilities compared to American facilities. In 

Alberta, for example, the province has the authority to prescribe tipping fees, but does not 

do so (Giroux, 2014). Overall, it appears tipping fees are being used in some Canadian 

municipalities, although some jurisdictions still choose not to have any tipping fee. It may 

be that tipping fees have a positive impact on diversion rate in Canada, since tipping fees 

may promote diversion over landfilling (Giroux, 2014; Wagner and Arnold, 2008), 

although the complex relationship between tipping fees, waste diversion, and illegal 

dumping also must be considered. Recycling was found to be positively related to 

diversion rates in Canada over the study period, which is not surprising considering that it 

is a common diversion practice. Lakhan (2016) found that recycling is a costly strategy 

for many municipalities, particularly when compared to landfilling. Lakhan (2016) studied 

recycling in Ontario, and found that implementation of curbside recycling was found to 

have a significant impact on recycling rate. It may be that percent expenditure on operation 

of recycling facilities is related to diversion in CA because it may be the most common 

practice for diversion in CA. For example, in 2014, approximately 9M tonnes of waste 
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were diverted in Canada, with approximately 6.3M tonnes of this being recyclable material 

(Statistics Canada, 2017d). 

This is a very important finding when considering the national waste management 

model and the NS waste model. In Canada, about 73% of waste is garbage, with only 19% 

being recyclables (very similar to the 18% of recyclables produced curbside in NS), and 

only 8% being organics. It appears that one of the keys to successfully increasing diversion 

rates in NS was the addition of the curbside organics collection. 

3.2.2 MLR on NS regional data 

It is apparent that NS’s waste management model is unique compared to the other 

regions in this study. NS is separated into 7 waste management regions. Considering 

regional data, Cape Breton Regional Municipality had the lowest curbside diversion rate 

(31% in 2015-16, compared to the regional average of 50%), despite having the highest 

number of recycling and organics processing facilities in the region.  

The operation cost (estimated cost to operate a facility multiplied by the number 

of facilities in each region) was divided by kilograms of waste managed, and MLR was 

carried out to see if any relationship existed. The model (shown in Table 3-4) was 

relatively poor (p-values > 0.05, Sign. F > 0.05, and Adj. R2 relatively low). This is likely 

due to the estimated nature of the facility costs; however, it provides interesting 

information regarding the general trends in facility distribution and diversion rates within 

NS’s 7 waste management regions. Interestingly, only garbage and recycling operations 

costs per kilogram of waste managed were important in the model. It is interesting, 

however, to note the positive sign of the coefficient for garbage. In fact, when considering 
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simple linear regression of regional diversion rates against dollars spent on operation of 

disposal facilities (includes landfills and waste transfer stations) per kg of waste disposed, 

the trendline is positive. This implies regions with higher numbers of disposal and waste 

transfer facilities have higher waste diversion rates. The opposite is true when considering 

operation of recycling and organics processing facilities, that is, when a region has less 

recycling or organics processing facilities, the diversion rate tends to be lower. This may 

point to efficiency in NS’s waste management model, for example, that management of 

recycling and organics can be done with relative efficiency (the estimated costs of both 

composting facilities and recycling facilities is much less than the estimated landfill 

operation cost), while waste disposal is relatively expensive. 

As we can see from Figure 3-9, NS spends relatively more on organics and 

recycling processing compared to other regions, but also spends a relatively large amount 

on disposal facilities as well (33% of percentage expenditure, compared to 20%, 19%, and 

23% in QC, ON, and CA, respectively). Comparing the slope of the regression line, we 

see that operation of recycling facilities per unit of waste is slightly more sensitive to 

diversion compared to operation of garbage facilities. 
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Table 3-4: Selected MLR results for operations cost per kg of waste in NS 

Parameter 
Div. Rate 

(y-int.) 

Coefficients (p-value) Sign. 

F-Test 
Adj. R2 

Garbage Recycling Organics 

Operation Cost/ 

Waste Managed 

($/10 kg waste 

managed) 

 

47.79 

(0.00) 

0.28 

 (0.09) 

-0.32 

 (0.18) 
- 0.08 0.57 

Operation Cost/Waste 

Generated 

($10,000/kg/cap) 

47.48 

(0.00) 

0.29  

(0.03) 

-0.33  

(0.07) 
- 0.05 0.78 
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The operation cost per amount of waste generated ($10,000/kg/cap) showed similar trends 

when comparing the operation cost per tonne of waste managed, although the use of waste 

generation seemed to provide a somewhat better model in terms of p-values, F-Test, and 

adjusted R2. 

 Regions 1 (CBRM) and Region 7 (Western) do not have any landfills located 

within their boundaries. Relatively speaking, transfer facilities are much cheaper to operate 

compared to any type of disposal facility. It may be that not having landfills in the area, 

and instead transferring all waste to other regions, is having a negative effect on diversion 

rates in these regions. One possible reason for this is that there is no incentive for the 

Region to motivate people to divert more waste, since all waste is transferred to other 

regions, a relatively cheap option compared to the cost of operating a disposal facility.  

 Due to the nature of the data available for this portion of the study, extreme care 

must be taken when generalizing regarding NS’s waste management model. It is suggested 

that regional operations costs are considered as an area of future work, as they depend on 

many other factors. 



54 

 

CHAPTER 4: CONCLUSIONS & RECOMMENDATIONS 

4.1 Canadian and Nova Scotian Waste Management Models Conclusions 

Canadians have one of the highest per capita waste disposal and generation rates 

in the world. Disposal rates from 1996-2010 were, on average, 33% less in NS compared 

to national data, and a significant improvement in waste diversion of about 6 times was 

observed in NS over the study period. The first part of this study concluded that:  

• Spending $250/tonne or less may not be effective in improving Canadian 

diversion rates. There appears to be a focus on maintaining lowered or 

minimized costs in ON, QC, and nationally, whereas the focus in NS is on 

increasing diversion rates.  

• GDP is positively related to non-residential diversion rates in NS, unlike ON, 

QC and national data. From 2006 to 2010, NS had an average non-residential 

diversion rate 24% greater than the national average, suggesting better non-

residential diversion programs (there are about 3 times more composting 

facilities per capita in NS compared to ON), likely due to a province-wide 

landfill ban on all organic waste. 

• In NS, 31% of average government expenditure is allocated to waste collection 

and transportation, 20% less compared to the other study areas; which may be 

related to a relatively high population density. This difference in budget 

allocation may allow NS to invest in more sophisticated and advanced 

technologies for waste management, which may help to improve diversion 

rates.  
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• In QC and nationally, there tends to be an increase in the amount of solid waste 

managed per employee while the diversion rate stays relatively constant, with 

a slight increase over the study period, again with relatively little linear 

relationship (R2<0.5 in all cases). This may imply that there were not 

appropriate means (for example, laws and legislation) to deal with waste during 

the study period. 

4.2 Operation Expenditure Allocation Conclusions 

Allocation of resources is very different from Province to Province in Canada. Both 

NS and QC have relatively different allocations of percent expenditure when compared to 

ON and CA, while also having higher diversion rates compared to ON and CA. In NS, 

only 33% of the budget is allocated to C&T, whereas 46% of the budget is allocated to 

C&T nationally. This second part of the study concluded: 

• The percentage expenditure on C&T, Disposal facilities, and ‘Other’ were not 

found to be related to diversion rate in any of the study regions.  

• TFs were strongly positively (m = +2.044, p = 0.001) related to diversion in 

NS and CA, but not in ON and QC.  

• In QC, a lagged relationship of 6 years was found between percent expenditure 

on organics processing facilities & diversion rates, meaning that, after an 

increase in expenditure on organics processing facilities, it takes about 6 years 

to see an increase in diversion rate. 

•  In NS, regionally, only operations costs for garbage and recycling facilities 

were found to be related to diversion rates. It appears the lack of landfills 
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within a region (all waste is handled via transfer stations) has a negative effect 

on diversion rates. This may be due to the lack of incentivization with regards 

to waste diversion in the region. 

One should note that the NS model, like any other waste management models, is site 

specific and may not be applicable in other provinces, because of differences in social, 

economic, geographic features. However, the NS model discussed in the paper represents 

a very successful waste management model in modern Canadian waste management 

history. The results from this study suggest that that waste business characteristics could 

be important in diversion rates; however, more research is needed before definite 

conclusions can be made. 

4.3 Contributions and research impacts 

The work reported in this thesis is significant and of great importance to 

researchers working on non-hazardous municipal solid waste field. The following 

manuscripts were derived directly from this thesis: 

• Richter, A., Bruce, N., Ng, K.T.W., Chowdhury, A., Vu, H.L. (2017). 

Comparison between Canadian and Nova Scotian waste management and 

diversion models – A Canadian Case Study. Sustainable Cities and 

Societies, 30, 139-149. doi: 10.1016/j.scs.2017.01.013. 

• Richter, A., Ng, K.T.W., and Bolingbroke, D. (Accepted) Effects of 

government capital and operating expenditures on Nova Scotian recycling 

behaviours and diversion rates. In Proceedings, Sardinia ’17, 16th 

International Waste Management and Landfill Symposium, Santa 
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Margherita di Pula, Cagliari, Italy, October 2-6. Edited by R. Cossu, P. He 

and P. Kjeldsen, CISA, Environmental Sanitary Engineering Center, 

Cagliari, Italy. Paper ID No.:257 

• Richter, A., Ng, K.T.W. (Under Preparation). Exploring the effects of 

operation expenditure on Canadian diversion rates. 

4.4 Recommendations for Future Study 

This study can be used as a framework for developing funding incentives for waste 

diversion programs in Canada, or as a framework that leads to a pilot study on the role of 

business and economics in waste management. Deeper investigation into Regional 

characteristics in NS should also be considered as an area of future work, perhaps 

combining both Statistics Canada data (provincial) and regional data into a singular model.  
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