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Abstract

The assessment of solid waste management systems is vital for continued improvement in the efficiency of waste management
systems (WMSs). Many studies have aimed to develop metrics that examine policy and system effectiveness, but there appears
to be a lack of simple and comparable metrics to evaluate the WMS efficiency. This study introduces a set of novel waste
diversion indicators, including a jurisdictionally comparable index known as diversion size indicator (DSI), and employs them
to analyze WMSs in Canada. DSI increased in only a single province Nova Scotia during the 14-year study period. The DSI
variability was largest for all Prairie Provinces, indicating that large efficiency changes in these province’s WMSs over the
study period. Combining all proposed metrics into a single rank showed that Saskatchewan outperformed all other Canadian
jurisdictions, balancing diversion rate goals well with cost efficiency. Findings indicate that Alberta and Ontario rank very
low in diversion efficiency and tonnage hauled efficiency. Also, Nova Scotia, the DSI leader, ranks lowest in terms of costs
per tonne handled. Data availability remains a large barrier to a complete evaluation of WMSs. Nonetheless, the proposed
original metrics create a framework for creating comparable and easy to use metrics for waste management efficiency.

Keywords Efficient waste management system - Municipal solid waste - Diversion efficiency - Cost-effectiveness -
Diversion size indicator - Materials handled efficiency indicators

Abbreviations Other abbreviations
Jurisdictional abbreviations CuPT Current. spendmg.pe.r tonne handled
CvV Coefficient of variation
CA Canada DGDP Diversion gross domestic product ratio
NL Newfoundland and Labrador & . P
. GPT Gross domestic product Sector 562 spend-
PE Prince Edward Island .
. ing per tonne handled
NS Nova Scotia . .
. DR Diversion rate
NB New Brunswick . . ..
QC Quebec DSI Diversion size indicator
. NAICS North American Industrial Classification
ON Ontario System
MB Manitoba Ppl PZople or person
K katch )
S Saskatchewan WMOI Waste Management Output Index
AB Alberta WMS Waste management system
BC British Columbia aste management syste
YT, NT, NU Yukon, Northwest Territories, and Nunavut
Introduction

Due to its sheer quantity and biodegradable and toxic
nature, solid waste poses a significant risk to ecosystems
and human health if not properly managed. According to
a United Nations Environment Programme report [1], esti-
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emissions originated from waste decomposition. Envi-
ronmental and health issues associated with solid waste
management are increasingly common as various areas of
the world experience rapid population growth and urbani-
zation. Planning, operating, and upkeeping an effective
waste management system (WMS) require constant criti-
cal review and periodic reassessment of current practices.

Waste studies examining policy effectiveness and sys-
tem efficiency are common across the globe due to the
practical significance of waste management service. Lom-
brano [2] studied how the management of urban solid
waste in Italy affects cost efficiency, finding a connection
between management techniques and financial/environ-
mental performance. According to the study [2], industrial
and integrated systems including a recovery plant had the
highest performance. Simoes and Marques [3] reviewed
the Portuguese solid waste sector, and found that regula-
tion and distance to waste treatment decreased the perfor-
mance of urban waste systems. They also found benefits
in performance using incineration and privatized waste
systems [3]. Simoes et al. [4] further looked at the pro-
ductivity of different types of waste collection and treat-
ment utilities. They found that private sector participation
tended to increase efficiency in the retail market in Por-
tugal, but not as much in the wholesale market, since the
retail market often used short-term contracts, stimulating
competition [4].

Simoes and Marques [5] conducted a meta-analysis on the
economic performance of the waste sector using over 100
papers published since 1965. They found 62 papers from
2000 to 2011 that looked at the economic performance of
the waste sector, which far exceeds the 16 from 1990 to 1999
[5]. Simoes and Marques’s work [5] highlighted the increas-
ing demand of theoretical background required to develop
an efficient WMS.

Jacobson et al. [6] used 12 sets of Belgian waste effi-
ciency data to compare private and public waste collec-
tion, and found that, in all cases, there were efficiency gains
through the use of private services. Greco et al. [7] analyzed
the possible factors related to collection costs and found that
different Italian regions have different collection efficiency
and productivity. Perez-Lopez et al. [8] looked at waste sys-
tems of varying sizes in Spain and found that intermunicipal
cooperation worked best in areas with fewer than 20,000
citizens, but contracting services to private groups was more
efficient in larger municipalities. Di Foggia and Beccarello
[9] looked at the Italian case and tried to estimate the pro-
ductive efficiency under a current regulation and the benefits
of uptaking new regulatory ideas.

Greene and Tonjes [10] explicitly examined the common
municipal waste system performance indicators and reported
inconsistencies among indicators in ten municipalities in the
New York state. Recently in 2020, Fellner and Lederer [11]
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explored relevant metrics for meaningful circular economy
evaluation.

From the literature, it appears there is a lack of a simple
method to evaluate and compare WMSs. Although indica-
tors and indices have been proposed and adopted to measure
WMS characteristics and quantify its effectiveness, these
indicators and indices often fail to fully capture the practi-
cal aspect of WMSs, particularly with respect to financial
and managerial efficiencies of waste diversion programs. In
this paper, efficiencies will be defined as the ability to get
higher outputs from the same inputs to a WMS. Many of the
indicators and indices are also jurisdictionally incompatible,
making assessment of different WMSs difficult. For exam-
ple, Cervantes et al. [12] conducted a comprehensive review
and identified 377 different indicators on performance of
WMSs. They reported that many of the indicators suffer
from a lack of standardization and comparability between
jurisdictions [12].

One key to the choice of parameter type to study is that
it must be comparable across many jurisdictions. One juris-
dictionally comparable indicator is waste diversion rate
(DR); defined as the ratio of waste diverted to total waste
managed. A higher DR can be considered as desirable as
it minimizes potential negative environmental impacts of
landfill disposal, such as greenhouse gas generation [13,
14] and groundwater contamination by leachate [15, 16]. In
Canada, waste diversion rate has been widely used to assess
the environmental friendliness and sustainability of a WMS,
and has been extensively reported in the literature [17-22].
Jurisdictions with higher diversion rates are likely to have
sophisticated recycling programs, and/or higher resident
participation.

Diversion rate, however, is not an efficiency measure, as
it does not fully encompass the efficiency of a WMS [23].
This is due to the diversion rate only including the materials
diverted as a measure of output but ignoring any inputs to
the system. The DR not only fails to account for the financial
and economical inputs, but also fails to account for the other
energy, land, and material inputs to a WMS. Although juris-
dictionally comparable, the use of DR alone in waste studies
could often be misleading when comparing the performance
of multiple WMSs in different regions. For example, a juris-
diction can have a high diversion rate, but have extremely
large inputs (i.e., monetary resources) to their WMS, ren-
dering the system unfavorable from an economical perspec-
tive. Lakhan [24] specifically examined the cost and perfor-
mance of recycling programs in rural and northern Canada,
and found that eliminating recycling programs in high-cost
regions could decrease system costs with minimal impact
to overall diversion rates. The behavioral implications of
Lakhan’s study [24] is controversial and intriguing; however,
it also highlights the limitations of the use DR alone as an
indicator in WMS evaluation and a cost or input parameter
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is needed along with the DR to better understand efficiency
in a waste management system.

This necessitates the development of a set of new met-
rics that are able to be compared and used across jurisdic-
tions to fully understand the efficiency of WMS, specifically
regarding waste recycling and minimization. An input—out-
put indicator is preferable to the conventional waste man-
agement indicators as it accounts for both the effectiveness
and efficiency of a WMS. A previous study by Pan et al.
[23] proposed Waste Management Output Index (WMOI),
Diversion-GDP ratio (DGDP), and Diversion—Expenditure
ratio to study system efficiency of Canadian WMSs in four
neighboring provinces. This paper introduces an additional
input—output indicator for WMSs and applies it to under-
stand diversion efficiency in a province-wise comparison.

Historically, Canadians generated more solid waste per
capita than most industrialized nations and sent the major-
ity of this waste to landfills for permanent disposal [21,
23]. Stringent environmental regulations, however, make
new landfill sites increasingly difficult to locate [25, 26].
The objectives of this study are therefore to (1) introduce
an original waste diversion indicator to better quantify
efficiency in waste diversion activities, and (2) apply the
diversion size indicator (DSI), current expenditure per tonne
handled (CuPT), and NAICS GDP Sector 562 per tonne
handled (GPT) to analyze WMSs in Canada. These easily
computable input—output indicators evaluate both the effec-
tiveness and efficiency of a diversion program and allow
for a direct comparison between jurisdictions. It is believed
that these indicators can help in the widespread adoption of
efficient waste management practices, and yield affordable
and effective WMSs, especially for remote regions where
input resources are scarcer.

To the best of the authors’ knowledge, this is one of the
first studies that explicitly use input—output indices to evalu-
ate the effectiveness and efficiency of waste management
systems. The use of such indicators can assist citizens, their
representatives, and WMS workers to better understand the
trade-offs inherent in the WMSs they demand, create, and
operate.

Methodology

An input—output framework is adopted in the present work
to identify input—output variables that can be used to create
simple efficiency indicators. There are three key indicators
considered in this work, including the Diversion Size Indica-
tor (DSI), the current spending per tonne handled (CuPT),
and the GDP Sector 562 per tonne handled (GPT). An inter-
jurisdictional comparison will be conducted using both tem-
poral (1998-2014) and cross-sectional (2014) approaches.

A study period of 16 years is used to investigate the
trends in Canadian WMS efficiency temporally. The cross-
sectional study of 2014 data will be used to rank jurisdic-
tions within Canada to investigate their recycling behaviors.
Also, specific focus will be placed on jurisdictions having
higher variability as stated by these efficiency indicators.
Statistic Canada is a federal government agency providing
statistical information and analyses on Canada’s economic
and social structure. Waste data for this study were gath-
ered from the biennial Statistics Canada Waste Management
Industry Survey: Business and Government Sectors reports.
The overall response rates of the national surveys were at
least 70%. Only non-hazardous waste is considered in the
Statistical Canada national surveys, and the reference period
of the survey reports was from the beginning of April to the
end of March of the following year. Data uncertainties and
discrepancies in the survey reports due to the inconsisten-
cies in methodologies and waste definitions are examined
and discussed previously [19]. Economic indicators such as
Gross Domestic Product (GDP), GDP of North American
Industrial Classification System (NAICS) sector 562, and
GDP of all NAICS industries in Canada were all collected
from the same agency [27-36] for consistency purposes.
Some jurisdictions’ data (including ‘NL’, ‘PE’, and ‘YT,
NT, NU’) have been suppressed in certain reporting years
for confidentiality under the Statistics Act [33]. As such,
only 8 of the 11 jurisdictions are reported. Unless otherwise
stated, national averages are calculated using all available
jurisdictional data.

Waste diversion is the process of diverting materials from
municipal waste landfills. Diversion rate is a ratio of the total
materials diverted divided by the total materials generated,
shown in Eq. (1):

Materials diverted (tonne)

DR =

= X 100%.
Materials generated (tonne) ’ @)

The WMOI, as first introduced by Pan et al. [23], uti-
lizes the NAICS to show the proportional size of a waste
management system as compared to all other industries in
the NAICS. NAICS is widely adopted in North America,
making comparisons between Canadian and American
WMSs easier. It is presented in Eq. (2). WMOI, a dimen-
sionless parameter, shows the relative economic output of a
waste management system in a given jurisdiction. The GDP
NAICS Sector 562 and the GDP NAICS All Sectors organi-
zational chart can be seen in Fig. 1:

GDP NAICS Sector 562 ($2012 chained)
GDP NAICS all Sectors ($2012 chained)”

WMOI = )

‘All Sectors’ is shown at the top of Fig. 1. It is the value
of all goods and services produced in all NAICS categories
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Fig.1 Sector 562 of the North American Industrial Classification System (NAICS)

from 11 to 91 within a year, in a given jurisdiction [37].
Sector 56 is one of the 11-91 categories and includes both
‘Administrative and Support Services’ (Class 561) as well
as the ‘Waste Management and Remediation Services’
(Class 562). Waste Management and Remediation Services
includes Waste Collection, Waste Treatment and Disposal,
as well as Remediation and Waste Management Services.
Remediation is a constituent of this category, and includes
a wider range of waste services outside of non-hazardous
waste management including the cleanup of contaminated
buildings, soil, groundwater, and mine sites as well as septic
pumping and other waste services [37]. In other words, data
presented include all these sectors of remediation and this
larger definition of waste management sector must be used
when discussing the WMOIL. For a given jurisdiction, WMOI
is generally much less than 1. A WMOI of zero represents
a waste management sector which does not contribute to
the GDP, whereas a WMOI of unity represents the unlikely
scenario that the entire GDP of a region only depends on the
output from the waste management sector [23].

The diversion size indicator (DSI) is a new indicator
designed to measure a jurisdiction’s diversion rate with

respect to the relative economic impact of its waste man-
agement industry (Eq. 3):

DR

DSI = .
WMOI 3)

DR is described by Eq. 1, and WMOI is described by
Eq. 2. The DSI can be seen as an input—output indicator.
An attribute of an efficient system is the ability to reduce
the inputs and raise the outputs or quality. A higher DSI
identifies a more efficient waste diversion program within a
WMS. The DR and WMOI in Eq. 3 are both expressed as a
decimal, making DSI dimensionless. As GDPs and DRs are
standardized parameters and are easily available online, we
believe that DSI is a simple and versatile metric to compare
waste diversion efficiency across jurisdictions in Canada and
the United States.

CuPT is the current expenditure per tonne of waste han-
dled and GPT is the GDP Sector 562 per tonne of waste
handled, as shown in Egs. 4 and 5, respectively. In this study,
the amount of waste handled (the denominator of Egs. 4 and
5) is the total waste managed (sum of disposed and diverted
materials). CuPT and GPT are used to quantify the amount
of resource input to manage a given tonne of waste materials
in a jurisdiction:

Current spending per tonne handled (CuPT) =

@ Springer
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GDP Sector 562 per tonne handled (GPT) =

NAICS GDP Sector 562 ($2012 chained) (5)

Tonnes of waste handled

Results and discussion
Diversion size indicator

Figure 2 shows the temporal changes of DSI for Cana-
dian jurisdictions from 1998 to 2014. Three jurisdictions’
data have been suppressed for confidentiality by Statistics
Canada, and only 8 of the 11 jurisdictions are shown. An
obvious decreasing trend is observed in the national data
(labeled ‘CA’ in Fig. 2), from 190.21 in 1998 to about
82.26 in 2014, representing less than half of the 1998
value. Both DR and WMOI were increasing in Canada
during the study period. WMOI, however, increased at
a more rapid pace. For example, the WMOI was 0.0012
in 1998, and increased over 2.5 times to 0.0033 in 2014.

400 7
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Although the waste management industry has grown con-
siderably, the declining DSI trend suggests that Canadian
waste diversion programs were lagging behind when com-
pared to the growth of the waste industry. A closer look at
the national data reveals that Canadian diversion programs
are continuously improving while the system efficiencies
are worsening. DSI has been decreased with time, leveling
off at about 80. Results suggested that the resources that
have been allocated to waste diversion initiatives have not
provided a correspondingly similar level of increase in
waste diversion.

With the exception of Nova Scotia (NS), a national leader
in diversion rate, all jurisdictions in 2014 had a lower DSI
than they did in 1998 (Fig. 2). NS started out at 139.86
in 1998 and then rose to 163.16 in 2014, representing a
16.7% increase. Every other jurisdiction has decreased DSI

CA NS NB Qc ON MB SK AB BC

1998 W 2000 [2002 W2004 M 2006 #2008 MW2010 MW2012 M2014

Fig.2 Temporal changes of DSI across Canadian jurisdictions
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between 44 and 73% from 1998 to 2014. NS also shows
that DSI of over 150 can be consistently achieved (Fig. 2).
Although more and more resources have been invested in
Canadian WMS, it is believed that most of them are for
remediation services (Sector 52691, Fig. 1) and therefore
do not directly contribute to waste diversion. The govern-
ment may assist the waste sector to establish more waste
businesses helping to improve diversion services by setting
up a simple and consistent regulatory framework to allow
investors certainty and clarity for their large capital invest-
ment. Richter et al. [21] examined the success of NS diver-
sion model and found that NS has considerably more waste
management businesses per capita compared to its peers.
Specifically, Richter et al. [21] found that there were nearly
twice as many waste management businesses per capita in
NS (6.35 business/cap) compared to ON (3.65 business/cap).

DSI varies widely among provinces. BC, located on the
west coast, also has a higher DSI compared to the national
data. NS and BC are top achievers in waste diversion. In
Ontario (ON), the most populous province, the DSI is rela-
tively constant from 2006 to 2014, suggesting a mature and
established diversion industry. The lowest of all was AB in
2012, with a DSI of 37.72, or about 44.6% of the national
average in the same year. The highest DSI was observed in
SK in 1998, over two times higher than the national aver-
age. It is interesting to note that MB and SK are neighboring
provinces located in the Canadian Prairies; however, DSIs of
SK were noticeably higher than MB. WMSs of MB and SK

are further discussed in Sect. "Materials handled efficiency
indicators".

Figure 3 shows the province’s DSI coefficient of varia-
tion (CV =standard deviation divided by mean) during the
16-year study period. Given the highest CV was 0.57, three
groupings were used to create three equal-interval group-
ings: low variation over the period (CV <0.2), moderate
variation over the period (0.2 <CV <0.4), and a high varia-
tion over the period (CV >0.4). Using these equal-interval
groupings, one can see where large changes have taken place
over the study period. The low variation group only contains
NS (CV =0.12), the moderate variation group contains four
jurisdictions (BC, ON, NB, and QC,) and the national aver-
age (CA), and the high variation group contains three prov-
inces (MB, SK, and AB). Consistent DSI in NS suggests that
its waste diversion industry is more developed and mature
than its peers. Similar findings are reported by Richter et al.
[21]. Richter et al. [21] studied the WMS characteristics in
Canada from 1996 to 2010, and found that the province-wide
landfill ban on organic waste, a higher population density, a
higher budget allocation for waste technologies, and a more
established waste business sector are some of the key factors
to the success of NS diversion models.

On the other hand, the high variation group, consisting
of all Prairie Provinces, has seen DSI decreases of over 60%
from 1998 to 2014. These large decreases and large varia-
tion in the DSI show inefficiency becoming a larger problem
in these waste systems. The diversion rates of the Prairie

0.3 0.4 0.5 0.6

Coefficient of Variations

Fig.3 Variability of DSI between 1998 and 2014 for Canadian jurisdictions
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Provinces were lowest among other provinces [18, 19]. It
appears that both the magnitude and the consistency of DSIs
are required for a thriving waste diversion sector, at least in
Canada from 1998 to 2014.

Materials handled efficiency indicators

Materials handled efficiency indicators such as Current
Spending per Tonne Handled (CuPT) and GDP of Sector
562 per Tonne Handled (GPT) directly measure economic
input of a WMS. CuPT and GPT focus on the entire WMS
rather than just diversion activities. Unlike dimensionless
DSI (Eq. 3), these two indicators both depend on the wet
weight of materials and are easily affected by waste compo-
sition and origin (i.e., density, moisture content, compacting

Fig.4 a Current Spending

per Tonne Handled in select
jurisdictions. b GDP of Sector
562 per Tonne Handled in select
jurisdictions
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characteristics, etc.). As such, caution must be used when
interpreting results between jurisdictions.

SK and MB are similar with respect to waste policy, level
of economic activities, climatic condition, spatial footprint,
and populations, and have similar waste generation charac-
teristics and recycling behaviors [19]. Figure 4a, b illustrates
SK’s and MB’s temporal changes of CuPT and GPT, respec-
tively. NS (a perceived top performer) and CA (the national
average) are added for comparison purposes.

With exception in 2004, SK generally spent $1.4-$33.5/
tonne less than MB (Fig. 4a). However, the diversion rates
in SK and MB were similar, probably due to a more efficient
diversion sector (Fig. 2). Compared to the national average,
these two Prairie Provinces spent at least $50/tonne less for
waste management services during the study period, and less

fany e —&
2002 2004 2006 2008 2010 2012 2014
—=—Ns —o—cCA MB  —&— SK
(@)

2002
—=— NS

2012

2004 2014

—o—CA
(b)

2006 2008 2010

MB —S—sK
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than half of what NS spent. Surprisingly, similar increas-
ing trends are observed in all jurisdictions, suggesting a
coordinated decrease in efficiency within WMSs nationally.
The benefit of CuPT is that it shows an input measure (the
current expenditure) without any remediation (of which the
GPT encompasses). Therefore, this may be a more truthful
reflection of the resources allocated to the non-hazardous
waste management sector. However, it does lack the capital
spending, which is captured by the GPT.

Instead of the current expenditure, the GDP of Sector
562 per tonne handled is used to show a broader meas-
ure than just current expenditure, as shown in Fig. 4b.
However, like the DGDP measure proposed by Pan et al.
[23], it suffers from the fact that it encapsulates reme-
diation (Fig. 1). This means that by comparing Fig. 4a,
b, one can understand what role capital and remediation
plays in skewing these indicators. As shown in Fig. 4b,
considerably more economic resources were needed to
handle a tonne of waste in MB than SK, especially after
2004. Comparing Fig. 4a, b, it follows that SK spent less
resources on capital and remediation services. MB, on
the other hand, was quite comparable to the national aver-
age. It also appears that SK has put more effort in its
diversion services. On a national level, the GTP curve in
Fig. 4b was steeper than the CuPT curve in Fig. 4a, sug-
gesting greater costs for capital and remediation services.
A sharp decrease in GTP is observed in NS after 2008
(Fig. 4b), but similar drop is not observed in the CuPT

Fig.5 Combined rankings of 28
proposed indicators in each
jurisdiction in 2014

24

20

16

12

DSI, CuPT, GPT rankings

e e
Imiminn
i
I
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curve in Fig. 4a. From 2010 to 2014, the GTP curve of
NS is mostly below the national average. This suggests
that NS has started to reduce its high spending on reme-
diation and capital spending per tonne, but no similar
efficiency improvement was seen in their high levels of
current expenditure per tonne.

Provincial-wise comparison and ranking
of the jurisdictions

The most recent available data (2014) are used to rank juris-
dictions to investigate the diversion sector and recycling
behaviors. Figure 5 combines multiple rankings to visualize
the relative performance of the jurisdictions. Although the
rankings are derived from different datasets, all of them are
used in this study to interpret the efficiency and effective-
ness of a WMS. The combined rankings shown in Fig. 5 are
intended to be qualitative rather than quantitative, and cau-
tions should be used when interpretating numerical results.

A lower rank generally represents a more efficient WMS.
The national average (CA) is also treated as an independent
jurisdiction in Fig. 5. SK is the best among Canada in 2014,
with a total combined ranking of seven. MB has good rank-
ing for CuPT and GPT, but lags in its DSI ranking due to
its lower diversion rate. On the other hand, NS has the best
DSI, and the worst CuPT, suggesting that while having a
great diversion rate is achievable per WMOI, it does tend to
cost more per tonne of material handled. AB and ON drag

“HE5555555555555

R

NB BC MB NS CA ON AB

& DSI = CuPT B GPT



Journal of Material Cycles and Waste Management (2021) 23:1015-1025

1023

down the Canadian average and should further improve the
efficiency of their systems as they are the two lowest rank-
ing jurisdictions. BC, MB, and NS have the most unbal-
anced ranking profiles in 2014. Jurisdictions with identi-
fied deficiencies can work to improve their value through
the emulation of appropriate waste handling procedures
and technology in the other jurisdictions. One of the most
important implications of all these indicators, and especially
with the addition of the DSI, is the ability of jurisdictions to
adequately measure and compare their overall macro-WMS.
This allows for insights, such as the focus in NS, which hav-
ing a great DSI, but a less desirable CuPT, means that policy
makers, managers, waste laborers, and citizens can more
easily see the implications of their waste system choices.
With the system they have, there is definitely advantages
regarding diversion rates, but this comes at a greater cost per
tonne. Citizens who wish not to pay this extra cost can better
articulate why they see diversion rate increases as harmful
to their economic security, and citizens who wish to have
higher diversion rates can better understand the trade-offs
in terms of cost to their increased diversion rate activities.
These indicators, when used together, provide a wider and
more nuanced picture of WMS for the public and policy
makers to have better informed discussions regarding sus-
tainable solid waste management.

Limitations and future work

A single, easily computable indicator can only approximate
a jurisdiction’s multidimensional WMS profile. Many other
factors should be considered in combination to evaluate a
WMS. Specifically, recycling generally has a higher pri-
ority than incineration in a sustainable solid waste man-
agement system. The use of the proposed indicators, how-
ever, does not differentiate the social and environmental
impacts between the two and treats them both as diversion
activities.

One of the key challenges associated with the devel-
opment of a jurisdictionally comparable indicator is the
selection of input—output parameters. Ideally, the selected
parameters should be relevant to individual WMSs and
standardized parameters be widely available. Data suppres-
sion in certain jurisdictions poses significant barriers to a
country-wide comparison. If other data become available as
the data pool in that jurisdiction becomes larger, this could
provide a cloak of anonymity through larger sample size, and
may lead to more comprehensive results.

Future studies could also employ different inputs and out-
puts to suit the goals of various waste entities. Inputs such
as carbon dioxide equivalent, other environmental inputs,
and breaking down the indicators by material type would
all greatly expand the use of such indicators. Furthermore,

using life cycle assessment indicators could help to develop
a universal system to quantify the efficiency of WMSs. How-
ever, getting data and detailed data verification could prove
difficult. Further analysis of the Prairie Provinces, reviewing
changes from 1998 to 2014, would help to further the under-
standing of their large coefficient of variation. Geospatial
analysis of waste management regions and waste facilities
siting may be helpful to understand the operation efficiency
of a WMS, as reported by a number of recent studies [25,
26, 38, 39].

These indicators can be of great use at regional level,
as well. Since the DSI is jurisdictionally comparable, more
research in applying the DSI to American jurisdictions
would be of great practical interest to citizens, regulatory
agencies, and WMS operators.

Conclusion

A review of the current literature suggests that there is a
lack of a simple evaluation method to compare WMSs.
This study introduces an original indicator, DSI, to evaluate
WMS, specifically regarding waste recycling and minimiza-
tion. It uses an input—output model and explicitly assesses
both the effectiveness and efficiency of WMSs in each juris-
diction. An interjurisdictional comparison of the federation
of Canada is conducted using both temporal and cross-sec-
tional approaches.

An obvious decreasing DSI trend is observed in Canada.
With the exception of Nova Scotia, all jurisdictions in 2014
had a lower DSI than they did in 1998. Unfortunately, at the
same time that the Canadian waste management industry
has grown considerably, the declining DSI trend suggests
that the waste diversion programs have not yielded the same
magnitude of results that this growth should have accompa-
nied. The government, by setting up a simple and consistent
regulatory framework, may assist the private waste sector
in establishing a greater number of waste businesses, fos-
tering competition, and generating more efficient diversion
services.

The variability of DSI was also investigated to assess the
maturity and business chrematistics of the waste diversion
sector. A consistent DSI in NS suggests its waste diversion
industry is well established. The high variation group con-
sists of all Prairie Provinces (SK, MB, and AB). It appears
that both the magnitude and the consistency of DSIs are
required for a thriving waste diversion sector in Canada.

Similar rates of increasing CuPT trends are observed in
most jurisdictions, suggesting a coordinated approach invest-
ing WMS nationally. It appears that SK has prioritized its
diversion services over capital and remediation services. NS,
a perceived national leader on waste diversion, is seen as
having a very expensive WMS when looking at the cost per
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tonne of waste managed compared to the national average
or that of SK or MB.

Combined rankings of the indicators suggest that SK in
2014 is far above the best province. On the other hand, NS,
which has the best DSI, has the lowest CuPT, suggesting that
while having a great diversion rate is achievable per WMOI,
it does tend to cost more per tonne of material handled.
Jurisdictions with identified deficiencies, such as AB and
ON, can work to improve their value through the emulation
of appropriate waste handling procedures and technology in
the other jurisdictions.

It is believed that proposed indicators are of great practi-
cal significances when comparing WMS in different regions.
However, many other factors should be considered in combi-
nation in evaluating a WMS and the proposed indicators can
only approximate a jurisdiction’s multidimensional WMS
profile.
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