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1 Introduction

1.1 Background

EXP Services Inc. and WSP Canada Inc. were retained by the Continuous Improvement Fund (CIF) to
provide professional services for the Analysis of Variability of Waste Composition Studies by RPRA Datacall
Grouping Project (“Project”).

The Continuous Improvement Fund (CIF) and Stewardship Ontario have jointly undertaken several waste
composition studies in municipalities across Ontario under a Terms of Reference (TOR) developed by the
Resource Productivity and Recovery Authority (RPRA previously WDO). The CIF has contributed funding
for these projects with the objective of developing a province-wide public dataset of compositional
information with representation across each of the nine municipal RPRA datacall groups. The nine
municipal groups include:

Group 1: Large Urban;

Group 2: Urban Regional,;

Group 3: Medium Urban;

Group 4: Rural Regional,

Group 5: Small Urban;

Group 6: Rural Collection North;
Group 7: Rural Collection South;
Group 8: Rural Depot — North; and
Group 9: Rural Depot — South.

At the time of commissioning of this report, there were three years of data available through the TOR for
use in determining whether there is sufficient diversity across the nine datacalls groups to warrant continued
sampling from all the nine groups or whether sampling from a representative subset of groups, will provide
representative compositional variability among groups. Some previous reports from CIF and others (CIF
2014, AET Group 2016) have been relied on for guidance.

1.2 Objective and Approach

1.2.1  General Objective

A cursory review of the TOR’s waste composition data will show that there is a range in values for different
municipalities and municipal groups. For example, Figure 1 (following page) shows a box and whisker plot!
for Printed Paper, for each municipal group and for each season. The chart shows that the range of values
varies according to season and among the various groups. However, the question this assignment wishes
to answer is whether these differences are statistically significant, that is, whether the differences between
the waste variables or seasonal variables are not just due to random chance but that there is some
confidence a significant difference exists.

1 A box and whisker plot is a way of visually showing the distribution of data points. The upper and lower
range of the box delimits the third and first quartile, while the whisker lines show the maximum and
minimum values. The line in the middle depicts the median.

»
L2 . 4
[ ]
EXP Services Inc. with WSP Canada Inc. ex P. e



Analysis of Varia

v in Waste Composition Studies by RPRA Datacall Grouping (CIF Project 797) )
e Y RERA LAt SR | Continuous Improvement Fund
November 25, 2019

Therefore, the objective of this project is to complete a statistical analysis of the available waste composition
data to specifically address and answer the questions:

Do waste compositions differ at a statistically significant level among the various datacall groups
to warrant separate sampling; and,

Is there sufficient variability to warrant seasonal sampling.
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Figure 1: Waste Generation of Printed Paper (Box and Whisker Plot)

For the purpose of this study, the waste composition analysis focused on the following TOR categories:

Printed Paper;

Paper Packaging;

Plastics;

Metals; and,

Glass.
Further, the analysis considered the calculated generation rate of the material (i.e., kg/household/week)
rather than the percent composition, as percent composition would only provide a value relative to the entire
amount of waste being studied, which may differ between audits (e.g., some audits may include household
organics and yard waste, while others may not. Similarly, some municipalities could have similar generation

of blue box waste but different quantities of other waste, which would result in differing percent composition
of blue box waste).
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122 Data Quality Objective

The principal objective of any data analysis is to use “clean data”. Conducting checks (pre-screening) to
determine the quality of the data is therefore necessary if the results of the data is to yield statistically
relevant results.

Three years of TOR data from the 4-Season Residential Waste Composition Study Results were provided
by the CIF. All data was checked to determine if the calculated fields are consistent for all the variables.
Inconsistent fields were recalculated to ensure accuracy. In addition, some of the raw data was checked
and relevant field values were calculated.

The total kg/hh/wk field for each categorical variable was used for the analysis. The calculation used to
analyze the waste audit results for the kg/hh/week is as follows:

Yé O@Qi 1 & IQERIQQ
"YE 06 O (BN Nivan a'Q

"8’Qé QI QONEREWi X Qo Wi

The four-season average (kg/hh/wk) is calculated as follows:

YRl @RI QY6 ¢ @ MTQT Q0N CQERT Q0 Q¢ oW Q
T

1.2.3 Datasets Used

As mentioned above, this study used the available data from Years 1, 2 and 3 of the TOR. The TOR dataset
included composition studies with the following collection methods:

Single family (23 composition studies);

Multi-residential (6 composition studies); and

Depot (3 composition studies).

Given the limited number of multi-residential studies and their inherent difference compared to the single-
family and curbside composition studies, multi-residential studies were not included in this analysis. Table
1 summarizes the type and number of composition studies included for each municipal group.

Table 1: Number of Included Composition Studies

Group No. Municipal Group Name Number of Studies

1 Large Urban 5 (Single-family)
2 Urban Regional 3 (Single-family)
3 Medium Urban 3 (Single-family)
4 Rural Regional 5 (Single-family)
5 Small Urban 2 (Single-family)
6 Rural Collection North 3 (Single-family)
7 Rural Collection South 2 (Single-family)
8 Rural Depot - North 1 (Depot)

9 Rural Depot - South 2 (Depot)
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1.2.4  Statistical Approach

Three approaches are used in this work that complement each other and validate the conclusions. A
univariate approach using box plot analysis was conducted to examine the variation in each municipality’s
Blue Box waste variables. In general, a box plot allows for the comparison of the central tendencies (mean
and median), spread of data (interquartile range) and extreme values (outliers) for each variable across
municipalities.

A multivariate approach using principal component analysis (PCA) to simultaneously examine all the
variables for all municipalities was used at the second stage. The original five variables are converted into
two or three secondary variables that can explain the variability in the original variables and cross-examined
with the factors (municipal groups) to allow for the examination of similar groups (clusters) by virtue of their
principal component score (See Minitab reference link on Principal Component Analysis).

Finally, multivariate analysis of variance (MANOVA) is applied to measure the significance of the variability
in the mean total kg/hh/wk for the waste variables and seasons for the municipal groups. A 95% confidence
level is set for all multivariate analysis of variance (MANOVA) for this work to test for relationship between
the waste variables as well as detect if the mean kg/hh/week values are equal (null hypothesis) or if the
mean values are not equal (alternative hypothesis).

1.2.4.1 Choice of Statistical Software

Microsoft Excel (“Excel”) was used for the simple statistical analysis in this project. In particular, Excel was
used for data cleaning and transformation, univariate analysis and chart plotting, where needed. However,
for the more complicated multivariate analysis such as MANOVA and principal component analysis,
Minitab® was used. Minitab® is a powerful statistical software developed by the Pennsylvania State
University with intuitive graphical capability and is used extensively in process analysis, machine learning
and process improvement.
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2 Comparative Analysis of Waste Composition Study Data
Between Municipal Groups

2.1 Objective

The objective of this section is to conduct a statistical analysis of each municipal waste grouping to
determine if there are statistically significant differences between the municipal groups’ waste composition
studies to warrant separate studies, or, alternatively, whether composition studies for different municipal
groups can be combined.

2.2 Data Analysis

2.2.1 Data Preparation

To generate a high-level statistical summary of data, the total means for each Blue Box category in each
of the single family (SF) and depot audits were compared with each other to determine the variability
between each municipal grouping. The total means were determined for the following five categories:

Printed Paper;
Paper Packaging;
Plastics;

Metals; and,
Glass.

Several summarised datasets were used for the municipal waste composition variability studies. First, all
audit data was used to determine the effect of the data variability (see Section 2.3 Variability in Audits). For
the initial analysis, all the seasonal data for the 3-year periods was used to generate principal components
that can summarise the multivariate data. For the subsequent analysis, 4-season averages were computed
for single or multi-year audits over the 3-year period. Each of the five variables in the waste composition
for each season across the 3-year period was analyzed to determine if there is a statistically significant
difference between the groups. Finally, multi-seasonal multi-year averages were computed for the three-
years and the principal components analyzed to generate a high-level summary of data distribution. The
assumption was that if multi-year averages do not suppress the variability in the data, the principal
component analysis will generate few scores that will completely separate and cluster municipal groups
with similar waste composition from each other.

222 Box Plot Analysis

Figure 2 to Figure 6 show box plots representing the five Blue Box waste variables across the different
municipal groups. The box plots (Figure 2) show that the central tendencies (mean A and median n ) and
the interquartile distribution for the printed paper variable vary across the different municipal groups. The
asterixis in the Box Plots represent outliers or extreme values. Municipal Group 3 (Medium Urban) and
Municipal group 4 (Rural Regional) have the largest interquartile ranges showing higher variation in the
distribution of the kg/hh/wk of printed paper. Lowest median and mean kg/hh/wk values of printed paper
are shown for Rural Collection North (0.59, 0.54) and Rural Depot North (0.37, 0.33). Overall, there is no
similarity in any of the municipal groups for the amount of printed paper captured in terms of the data spread
and central tendency.
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Boxplot of Total Paper
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Figure 2: Boxplot of Printed Paper Variable for all Municipal Groupings

The box plots for total paper packaging (Figure 3) show that the central tendencies and the interquartile
distribution for the paper packaging variable are greatest among the Rural Collection and Rural Depot
groups. Urban Regional and Medium Urban have means that do not differ significantly however the
interquartile ranges and spread of data differ markedly. Close similarities also exist between Rural Regional

and Small Urban for paper packaging. Overall, some similarities exist for the Urban regions for paper
packaging but variations are greatest among the Rural regions.

Boxplot of Total Paper Packaging
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Figure 3: Boxplot of Paper Packaging Variable for all Municipal Groupings
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The box plots for Total Plastics (Figure 4) show that the central tendencies and the interquartile distribution
for the plastics variable are greatest among the Rural Collection and Rural Depot groups. Large Urban,
Urban Regional and Medium Urban have means that do not differ significantly however the interquartile
ranges and spread of data differ. Overall, some similarities exist for the Large Urban, Urban Regional and
Medium Urban. Variations are greatest among the Rural regions.

Boxplot of Total Plastics
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Figure 4: Boxplot of Paper Packaging Variable for all Municipal Groupings

The box plots for total metals (Figure 5) show that the central tendencies and the interquartile distribution
for the metals variable have similar trends to the other variables with the Rural regions showing the highest
greatest variations.

kg/hh/wk

Figure 5:

EXP Services Inc. with WSP Canada Inc.
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Figure 6 shows the box plot for the glass variable for the municipal groups. Similarities exist between the
Large Urban and Urban Regional while the Rural Collection North and Rural Collection South show the
greatest interquartile ranges or data spread. Overall, similarities exist between the Urban Regions and large
differences exist among the Rural regions.

Boxplot of Total Glass
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Figure 6: Boxplot of Metal Variable for all Municipal Groupings

There following are the interpretations of the municipal groupings and their waste compositions:

For Printed Paper: the central tendency values (mean and median) and the data spread and
values are different for all municipal groupings;

For Paper Packaging and Plastics: the central tendency values (mean and median) are similar
for all the Urban municipal groups (Large Urban, Urban Regional and Medium Urban) and similar
for Rural Regional and Small Urban. The Rural municipal groups (Rural Collection -North, Rural
Collection — South, Rural Depot — North and Rural Depot — North) all show significant differences
in their central tendency values (mean and median), the spread of the data (inter-quartile ranges)
and the difference between the lowest and highest values (ranges);

For Metals: Data is more clustered within the Urban groups with similar mean kg/hh/wk values
than the Rural groups. The Rural Depot — North, however has a large inter-quartile range
indicating a wide spread or large variation in the kg/hh/wk for the sampling locations;

For Glass: the central tendency values are similar for Large Urban and Urban Regional groups
and generally large differences in the central tendency values, spread and ranges between the
Rural municipal groups.
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2.2.3  Principal Component Analysis

2.2.3.1 Determination of Number of Principal Components

The principal objective of this assignment was to determine whether each municipal groups’ waste
composition differs statistically from the others. PCA was applied here to provide a statistically rigid
approach to multivariate comparative analysis.

The summarized data was first standardized for the principal component analysis. The cumulative
proportion from the data analysis (see Table 2.2) is used to determine the amount of variance that the
principal components (PCs) explain. The PCs that explain an acceptable level of variance were retained.
For this analysis, 80% of the variance explained is acceptable. First, the size of the eigen numbers were
used to determine the number of PCs and the largest retained. The Scree plot? (Figure 7) shows the order
of the eigenvalues from the largest to the smallest. PC1 and PC2 (that is, the components) have the largest
eigenvalues?®; these were retained for the analysis.

Scree Plot of Principal Components
3.5

3.0 Y

2.0

Eigenvalue

1.3

1.0

0.5

0.0
1 2 3 4 5

Component Number

Figure 7: Scree Plot of Principal Components and Eigenvalues

2 A scree plot orders the eigenvalues from the largest to the smallest.
3 Eigenvalue equals the variance in the original variables when principal component values are extracted from the
original variables.
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Table 2.2 shows the eigenanalysis of the correlation matrix. PC1 and PC2 cumulatively explain 84.2% of
the variation in the data and was considered acceptable for this analysis. For most analysis, 80%
explanatory variance is sufficient to determine differences in the samples. Thus, PC1 and PC2, with the
largest eigenvalues (3.37 and 0.84) were retained to explore variability in the waste compositions among
the different municipal groups.

Table 2.1 Eigenanalysis of the Correlation Matrix

PC1 PC2 PC3 PC4 PC5
Eigenvalue | 3.3713 | 0.8384 | 0.3302 0.322 0.1382

Proportion 0.674 0.168 0.066 0.064 0.028
Cumulative 0.674 0.842 0.908 0.972 1

2.2.3.2 Principal Component Results and Plots

To correctly interpret each PC, the magnitude and direction of the coefficients for the original variables were
examined. The larger the absolute value of the coefficient, the more important the corresponding variable
is in calculating the component value. Table 2.3 shows the eigenvector* analysis. An eigenvector with an
absolute value of 0.5 or greater is considered sufficient to explain the PC. Since PC1 and PC2 were retained
to explain the variability in the data, PC3 to PC5 were not further considered in the analysis.

Table 2.2 Eigenvectors

VARIABLE PC1 PC2

Total Printed Paper 0.393 0.63

Total Paper Packaging 0.486 0.179
Total Plastics 0.506 -0.124
Total Metals 0.364 -0.746
Total Glass 0.471 0.001

From the results, PC1 has positive associations or contributions from total paper packaging (0.5), total
plastics (0.5) and total glass (0.5). Municipal groups in the direction of PC1 (first component) from the origin
will have high total amounts of paper packaging, plastics and glass in their waste composition. PC2 has
positive associations or contributions from total printed paper (0.6) and negative association with total
metals (-0.7). Municipal groups in the positive direction of PC2 (second component) from the origin will
have high total amounts of paper and those in the direction of PC2 will have low amounts of metals in their
waste composition.

4 The eigenvector is the same as the principal component and indicates the magnitude and direction of the new
variable.
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Figure 7 shows the Loading Plots of the original variables and their contribution to PC1 and PC2. The
smaller angles between Total Paper Packaging, Total Glass and Total Plastics show that these variables
are positively correlated to each other and all contribute strongly to PC1. Total Printed Paper and Total
Metals are more strongly correlated to PC2 but weakly correlated to the other variables.

Loading Plot of Blue Box Variables
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Figure 8: Loading Plot of Blue Box Waste Variables
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Thus, municipal groups with waste variables that contribute strongly to either PC1 or PC2 will be separated
along the two axes spatially, as shown in the Score Plot (Figure 9). On the right side of the First Component
axis, municipalities with waste high in paper packaging, plastics and glass are represented. On the left side
of the axis are the municipal groups low in the waste variables. Municipalities high in printed paper are in
the first quadrant in the positive direction of the Second Component and those high in metal are in the fourth
guadrant in the negative direction of PC2. Three audit samples for Rural Depot — North and Rural Depot —
South are shown in the extreme second quadrant and extreme fourth quadrant and are considered outliers
for the purpose of clustering. These two samples had very low amounts for metal occurring in the Spring of
2017. However, given the large variability and extreme scores in the data within the Rural Depot audits,
data was not be considered sufficient to determine their similarity to other audit samples.

Score Plot of Blue Box Variables of Municipalities
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Figure 9: PCA Score Plot of Waste Variables for all Municipal Groupings

With such large variation in some of the audit data, it can be difficult to differentiate and cluster groups that
are similar to each other. However, using the value of the scores, overlap among similar groups will begin
to emerge. The ellipses or circles drawn represent the municipal groupings analyzed in this study. The
municipal groups with scores (represented by the different coloured shapes) close to each other have a
similar composition of waste. For clarity in the following discussion:

The first quadrant refers to the top right of the chart;

The second quadrant refers to the top left;

The third quadrant refers to the bottom left; and,

The fourth quadrant refers to the bottom right.
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There following are the interpretations of the municipal groupings and their waste compositions:

Municipal grouping 1 (Large urban) is clustered mostly in the first quadrant some samples in the
second and fourth quadrants and moving away from the origin. The further from the origin, the
higher or lower the value of the variable. The direction of the clusters shows that the municipal
group has high quantities in printed paper and paper packaging. The magnitude and direction of
the scores within this group mean the waste composition study results in this group are different
from other municipalities and may warrant separate sampling;

Municipal grouping 2 (Urban Regional) is clustered around the origin with samples in all four
guadrants and majority in the first quadrant showing mostly municipalities high in all the waste
variables and others low in the variables. Municipal grouping 2 is enclosed in the Municipal
grouping 3 (Medium Urban) ellipse which has similar composition in terms of the clustering,
however with some samples higher in printed paper. For the purposes of this analysis, these two
groups can be considered similar enough to not warrant separate sampling. If multi-seasonal
averages arrive at similar conclusions, that could give additional validation;

Municipal grouping 4 (Small Urban) is clustered around the origin with samples scores in all the
four quadrants and an extreme value in the fourth quadrant. The general direction is toward the
second quadrant, generally low in metals. The Small Urban ellipse encloses two other municipal
groups (Urban Regional and Small Urban), however due to observed extreme values, it is
deemed different from the other municipalities and may warrant separate sampling;

Municipal grouping 5 (Small Urban) is clustered in the second and third quadrants with one
sample in the first quadrant. The general direction is the second quadrant for municipalities with
generally low metal. The ellipse is enclosed in the Rural Regional but the magnitude and direction
of the overall score is different from that of the Rural Regional and the other municipalities and
may warrant separate sampling;

Municipal grouping 6 (Rural Collection — North) is shown in two clusters with another score
outside the ellipses. There is a large variability within this group that it may warrant separate
sampling;

Municipal grouping 7 (Rural Collection — South) is clustered in the fourth quadrant with some
samples in the first and second quadrants. However, the general direction is in the fourth
guadrant for municipalities high in metals. The Rural Collection — South may warrant a separate
sampling;

Municipal grouping 8 (Rural Depot — North) has two extreme scores, one in the second quadrant
(low metal) and another in the fourth quadrant (high metal) with two close scores in the third
guadrant. The variability in this group may warrant separate sampling; and,

Municipal grouping 9 (Rural Depot — South) has one extreme score in the second quadrant but is
generally clustered in the lower third and fourth quadrant for municipalities high in metal. This
group may warrant separate sampling as it is different from the other municipalities.

The 4-season single or multi-year averages were computed across the three years of sampling and
principal component variables were extracted. The eigen values and the amount of variability explained in
the samples are shown in Table 2.4. PC1 and PC2 have a cumulative 88% variability explained in the data.

Table 2.3 Eigenanalysis of the Correlation Matrix (Seasonal Averages)
PC1 PC2 PC3 PC4 PC5
Eigenvalue 3.4732 0.9167 0.2687 0.2534 0.0881
Proportion 0.695 0.183 0.054 0.051 0.018
Cumulative 0.695 0.878 0.932 0.982 1
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Score Plot of Blue Box Variables of Municipalities (4-Seasonal Avg)
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Figure 10: PCA Score Plot of Waste Variables for all Municipal Groupings for Multi-Year Multi-Season
Averages

There following are the interpretations of the municipal groupings and their waste compositions:

The score plot in Figure 10 shows the distribution of the municipal groups from a single or multi-
year 4-season averages of the waste variables. As can be seen from the score distributions and
similarity ellipses, the municipal groupings do not show strong similarities in their waste
compositions and may all warrant separate sampling.

Additional sampling data may be required to further determine similarity between municipal groups. The
current data shows that similarities are weak or do not exist statistically.

224  Analysis of Variance Among Municipal Groups

The box plots of the waste variables for the municipal groups discussed in Section 2.2.2 above provided
the means to examine center and spread of the data distribution. The principal component analysis
discussed in 2.2.3 showed the clustering of the municipal groups using the newly extracted variances
(eigenvectors). In this section, the variances in the waste variables for each municipal group are tested
statistically to determine if the significant differences observed in the univariate and multivariate analysis
previously are significant. A test for variability was conducted using multivariate analysis of variance
(MANOVA).

In MANOVA, the relationship between several variables (in this case, waste variables) and the associated
factors (municipal groups) are tested and the variances analyzed to determine if they are significantly
different statistically. The output for the MANOVA analysis for each waste variable is presented below:

In Tables 2.5 to 2.9, the analysis of variance is presented for printed paper, paper packaging, plastics,
metals and glass. The key results are the p-values. The significance level (or alpha) is et at 0.05. This
means there is 5% risk of concluding that there is no similarity between the municipal groups. If the p-value
< alpha (0.05), it can be concluded that the differences between the means are statistically significant. The
following are definitions of the headers for the tables:

DF: degrees of freedom used to calculate the F-value and equal to N-1. It is simply the amount of
information in the data used to estimate the values of unknown population parameters;
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SEQ SS: sequential sum of squares are measures of variation for different components of the
model. The SS is used to calculate the p-value for the factor or term (for example, the municipal
groups);

ADJ SS: adjusted sum of squares are measures of variation for different components of the
model; The SS is used to calculate the p-value for the factor or term (for example, the municipal
groups)

ADJ MS: adjusted mean sum of squares measures how much variation a term or a model
explains, assuming that all other terms are in the model and considers the DF in the estimation;

F: also known as the F-value is the test statistic used to determine whether the model is missing
higher-order terms that include the predictors in the current model; and,

P: also known as the p-value is the probability that measures the evidence against the null
hypothesis. Lower p-values provide stronger evidence against the null hypothesis. In this study,
one of the null hypotheses is that there is no significant difference between the municipal groups
and any observed difference is due to sampling or experimental error. A lower p-value therefore
indicates that there is a difference.

Continuous Improvement Fund

Table 2.4 Analysis of Variance for Printed Paper
SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Municipal Groups 8 11.11 | 11.1097 | 1.3887 12.19 <0.01
Error 93 10.592 | 10.5917 | 0.1139
Total 102 24,772
Table 2.5 Analysis of Variance for Paper Packaging
SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Municipal Groups 8 2.5223 | 2.52232 | 0.31529 3.45 0.002
Error 93 8.4904 | 8.49037 | 0.09129
Total 102 11.0127
Table 2.6 Analysis of Variance for Metals

SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Municipal Groups 8 0.18204 | 0.18204 | 0.022755 2.09 0.044
Error 93 1.01056 | 1.01056 | 0.010866
Total 102 1.20221
Table 2.7 Analysis of Variance for Metals

SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Municipal Groups 8 0.54609 | 0.54609 |0.068262| 3.66 0.001
Error 93 1.7351 | 1.7351 |0.018657
Total 102 2.2898

EXP Services Inc. with WSP Canada Inc.
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Table 2.8 Analysis of Variance for Metals
SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Municipal Groups 8 11.11 | 11.1097 | 1.3887 12.19 <0.01
Error 93 10.592 | 10.5917 | 0.1139
Total 102 24.772

Continuous Improvement Fund

It can be deducted that the differences in the mean kg/hh/week for all the waste variables presented in

Tables 2.5 to 2.9, at 95% confidence limit are statistically significant; that is, no municipal group is similar
to the other in terms of all the waste variables captured in the audit. Therefore, individual sampling is

recommended.
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3 Comparative Analysis of Seasonal Variability Between

Municipal Groups

3.1 Objective

The objective of this section is to conduct statistical analysis of each municipal waste grouping to assess
whether there are statistically significant differences in the composition of the Blue Box materials by season
to warrant continued seasonal sampling or to modify the frequency of assessments.

3.2 Data Analysis

3.2.1 Data Preparation

The four seasons for each of the years was analyzed for all the five waste variables for all municipalities in
a multi-year fashion. In the first set of data, all observations were analyzed within each season for each
year (see Section 3.2.2). For the second analysis, averages across the municipal groups were computed
and analyzed (see Section 3.2.3). A matrix of the analysis performed is shown in Table 3.1.

Table 3.1 Seasonal Groups
SEASON YEAR DATA TREATMENT
Fall 2015, 2016, 2017 All seasons separately for each year
Winter 2015, 2016, 2017 All seasons separately for each year
Spring 2015, 2016, 2017 All seasons separately for each year
Summer 2015, 2016, 2017 All seasons separately for each year
Fall 2015 — 2017 Average for all seasons combined for
the 3-year period
Winter 2015 — 2017 Average for all seasons combined for
the 3-year period
Sprin 2015 — 2017 Average for all seasons combined for
pring the 3-year period
Summer 2015 — 2017 Average for all seasons combined for
the 3-year period

322 Analysis of All Seasonal Observations

3.2.2.1 Box Plot Analysis

Box plots of al the seasonal variations for all audit sampling are presented in the following figures to show
the variation in waste variables for each season. In Figure 11, Spring and Summer kg/hh/wk values for
printed paper are very close (all around 1.3), although the spread (range) in the data is more widely spread
in the Spring data.
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Boxplot of Total Paper
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Figure 11: Boxplot showing the seasonal variation for printed paper

The range of kg/hh/wk values for paper packaging (Figure 12) all fall within 1.0 and 1.5. However, the
interquartile ranges or spread of the data shows e much more variations season-to-season. Extreme values

(outliers) for the Fall, Spring and Summer make comparison of the data challenging to determine the
significance of the variation.

Boxplot of Total Paper Packaging
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Figure 12: Boxplot showing the seasonal variation for paper packaging

The seasonal variations for Plastics (Figure 13) in terms of the inter-quartile range and between the lowest

and highest observed kg/hh/wk value indicates that means there is no similarirty between the seasons for
plastics.
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Boxplot of Total Plastics
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Figure 13: Boxplot showing the seasonal variation for plastics

Metals and glass show very similar seasonal central tendency and clustering of the kg/hh/wk values for all
the seasons (Figure 14 and Figure 15) although there are extreme values (two extreme values in the case
of the Spring data) which have to be taken into account for establising the sgnificance statistically.

Boxplot of Total Metals
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Figure 14: Boxplot showing the seasonal variation for metals
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Boxplot of Total Glass
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Figure 15: Boxplot showing the seasonal variation for glass

3.2.2.2 Principal Component Analysis

The principal objective is to establish if there are statistically significant differences in the composition of
the Blue Box materials by season to warrant continued seasonal sampling or to alter the frequency.
Principal component analysis is applied here to provide a statistically rigid approach to multivariate
comparative analysis. First, principal components (eigen values, PCs) that explain the majority of the
differences in the seasonal Blue Box composition were extracted. PC1 (67%) and PC2 (17%) from the
summarized data cumulatively could explain more than 84% of the variability or variance in the seasonal
Blue Box composition for all the municipal groups, as shown in Table 3.2, and is deemed sufficient to
determine seasonal differences. Thus, PC1 and PC2, with the largest eigen values (3.4 and 0.8) are
retained to explore variability in the waste compositions among the municipal groups.

Table 3.2 Eigenanalysis of the Correlation Matrix (All Seasons)
PC1 PC2 PC3 PC4 PC5
Eigenvalue 3.3713 0.8384 0.3302 0.322 0.1382
Proportion 0.674 0.168 0.066 0.064 0.028
Cumulative 0.674 0.842 0.908 0.972 1

The eigenvector values in Table 3.3 show which variables most strongly influence the extracted
components (PC1 and PC2). For PC1 Total Paper Packaging (0.5), Total Plastics (0.5) and Total Glass
(0.5) contribute strongly to PC1 whereas Total Printed Paper (0.5) and Total Metals (-0.7) contribute
strongly to PC2.
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Table 3.3 Eigenvectors

VARIABLE PC1 PC2

Total Printed Paper 0.393 0.63

Total Paper Packaging 0.486 0.179
Total Plastics 0.506 -0.124
Total Metals 0.364 -0.746
Total Glass 0.471 0.001

Thus, PC1 and PC2 separate the seasons based on these two groups (high in paper packaging, plastics
and glass versus high in printed paper and metals) as shown in the score plot of waste variables (Figure
5). Moving in the positive axis from the origin the First Component axis, municipal groups with waste high
in paper packaging, plastics and glass are represented. On the negative axis direction from the axis of the
First Component are the seasons low in paper packaging, plastics and glass. Seasons high in printed paper
are in the first quadrant in the positive direction of the Second Component axis and those high in metals
are in the fourth quadrant in the negative direction of PC2. This is shown by the loading plot in Figure 16.

Loading Plot of Blue Box Variables
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Figure 16: PCA Score Plot of Seasonal Variability in Waste Composition

The scores in Figure 17 show that most of the seasons are clustered close to the origin of the axis with
some seasons having extreme values including two Spring 2017, one Fall 2017, one Fall 2015, one Spring
2015, one Winter 2015 and one Summer 2015. To establish if there are similarities for the different seasonal
compositions, similarity within each season has to be established.
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Score Plot of All Season Values for Blue Box Variables
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Figure 17: PCA Score Plot of Seasonal Variability in Waste Composition

Due to the very high seasonal variations in waste composition within each year and the available data,
including the presence of extreme values, there is statistically speaking, weak similarity between the
seasonal samples throughout each year.

In Figure 18, Fall 2015 has one extreme value (very low in the paper packaging, glass and plastics)
compared to the other samples; Fall 2016 does not have samples with low paper packaging, glass and
plastics and no high metal samples such as in the Fall of 2017. Fall 2017 also has extreme values for high
metal in the samples.
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Score Plot of All Season Values for Blue Box Variables (Fall)
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Figure 18: PCA Score Plot of Seasonal Variability in Waste Composition (Fall)

In Figure 19, Spring 2015 has one extreme value (very low in the paper packaging, glass and plastics)
compared to the other samples; Spring 2016 and Spring 2017 have samples high in paper packaging, glass
and plastics with some high metal samples in Spring 2017 compared with the other seasons. Spring of
2017 also has two extreme values low in in paper packaging, glass, plastics and metals.

Score Plot of All Season Values for Blue Box Variables (Spring)

SeasonGroup
Fals
Falé
Fal?
Spl1s
Sple
Spl7
Sul5
Sulé
Sul?
Wils
Wile
Wil?

Ay

vrEeRSAAYPORe

Second Component

-6 -4 -2 0 2 4

First Component

Figure 19: PCA Score Plot of Seasonal Variability in Waste Composition (Spring)
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In Figure 20, Summer 2015 has one extreme value (very low in the paper packaging, glass and plastics)
compared to the other samples; generally, Summer 2016 and Summer 2017 are similar with values within
all the four quadrants close to the axis origin. However, there are samples with high values for paper
packaging, glass and plastics compared to the Summer of 2016. Samples in Spring 2017 compared with
the other seasons but generally Spring of 2016 and 2017 are similar.

Score Plot of All Season Values for Blue Box Variables (Summer)
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Figure 20: PCA Score Plot of Seasonal Variability in Waste Composition (Summer)

In Figure 21, Winter 2017 has two extreme values high in metals but is generally similar to Winter 2016 that
also reported some high metal samples. However, Winter 2015 has extreme values for high metal and very
low amounts of paper packaging, glass and plastics compared to the other seasonal samples.
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Seasonal Analysis Of Variance
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In this section, the variances in the waste variables for season among all municipal audit groups are tested
statistically to determine if the significant differences observed in the univariate and multivariate analysis
previously are significant. MANOVA was used to test all variables simultaneously to determine if the means
of the waste variables for each season differ significantly.

The output for the MANOVA analysis for each waste variable is presented below.:

In Tables 3.4 to 3.7, the analysis of variance is presented for Fall, Winter, Spring and Summer. The key
results are the p-values. The significance level (or alpha) is set at 0.05. This means there is 5% risk of
concluding that there is no similarity between the municipal groups. If the p-value < alpha (0.05), it can be
concluded that the differences between the means are statistically significant.

Table 3.4 Analysis of Variance for Fall

SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Variables 4 20.978 20.978 | 5.24451 67.91 <0.001
Municipal Groups 8 2.485 2.485 | 0.31064 4.02 <0.001
Error 117 9.035 9.035 | 0.07722

Total 129 32.498

EXP Services Inc. with WSP Canada Inc.
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Table 3.5 Analysis of Variance for Winter
SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Variables 4 14.832 | 14.832 | 3.70803 | 58.09 <0.001
Municipal Groups 8 3.243 3.243 | 0.40537 6.35 <0.001
Error 117 7.469 7.469 | 0.06383
Total 129 25.544
Table 3.6 Analysis of Variance for Spring
SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Variables 4 20.336 | 20.336 | 5.08395 | 52.22 <0.001
Municipal Groups 8 7.570 7.570 | 0.94620 9.72 <0.001
Error 117 11.390 | 11.390 | 0.09735
Total 129 39.295
Table 3.7 Analysis of Variance for Summer
SOURCE DF SEQ SS | ADJ SS | ADJ MS F P
Season 4 19.606 | 19.606 | 4.90162 | 70.52 <0.001
Variables 8 1.955 1.955 | 0.24432 3.52 0.001
Municipal Groups 117 8.132 8.132 | 0.06951
Total 129 29.693

Continuous Improvement Fund

It can be deducted that the seasonal differences in the mean kg/hh/weak for all the waste variables
presented in Tables 3.4 to 3.7, at 95% confidence level are statistically significant; that is, no municipal
group is similar to the other in terms of all the waste variables captured in the audit. Therefore, individual
sampling is recommended.

3.2.3 Analysis of Seasonal Averages

Due to the variations within each season’s samples throughout the 3-year period, it is difficult to establish
within any statistically significant level which seasons have strong similarities. This is due to the extreme
values presented, which are mostly in the 2015 samples. A seasonal average for each waste variable for
all the municipal groupings was taken for each year across the 3-year period to establish if overall there
are general similarities between the seasons.

3.2.3.1 Box Plot Analysis

The box plot analysis of the seasonal averages for the waste variables are shown in Figure 22. There
following are the interpretations of the municipal groupings and their waste compositions:

For Printed Paper: the seasonal averages have mean values and interquartile ranges that are
markedly different for each season. Although Spring and Summer show central tendency values
similar to each other, the skewness is much more pronounced in Summer than in the Spring.;
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For Paper Packaging: There is no similarity between any of the seasonal averages;

For Plastics: Fall and Spring show some similarities but higher skewness in the spread of the
values in the Spring than in the Fall;

For Metals, there is generally low seasonal averages for all the variables with similarities

between the seasons except for the Fall with higher skewness than in the rest of the Seasons;
and,

For Glass, there is general similarities between the mean values except for Summer, with a
higher mean and more skewed distribution.
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Figure 22: Box plot for PCA Score Plot of Seasonal Variability in Waste Composition

3.2.3.2 Principal Component Analysis

Figure 23 shows that there are seasons with high kg/hh/wk amounts of plastics, glass, and paper packaging
are in the direction of the first component, those high in metals are in the positive direction of the second
component, and those high in printed paper are in the negative direction of the second component.
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Loading Plot of Seasonal Averages for Waste Variables

Total Metals
0.50 /’
Total Plastics
" Total Glass

0.25 — S
- —
= —
s —
(=
8

0.00
£
o
v
= ——
g -0.25 T
w b __""'-T—DtaLPP_eer Packaging

-0.50 _

\.\'Tnta_‘l_ Paper
-0.75
0.0 0.1 0.2 0.3 0.4 0.5 0.6
First Component
Figure 23: Loading Plot of Waste Variable for Seasonal Averages

In Figure 24, demonstrates similarities between seasonal averages including:

Seasonal averages for one Fall and one Summer show close clustering, that is, they are similar in
waste composition with the general direction is toward high metals in addition to high amounts in
paper packaging, plastics and glass. However, the other Fall averages are high in printed paper
and low in metals. There is also generally low similarity between the Fall and Summer averages.
Therefore, Fall cannot be considered to be similar to Summer in any statistical sense;

Two Winter seasonal averages are similar but different from am average Winter value that is high
in metals and lower in the other variables for the other Winter seasons;

There is no general similarity between any seasons for the 3-year average kg/hh/wk values for all
the waste variables.
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Score Plot of Average Seasonal Variability for 3-Year Period

Season
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B Spring
#* Summer

A Winter
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First Component

PCA Score Plot of Average Seasonal Variability in Waste Composition

Each municipality was also analyzed for seasonal variation in waste composition. The results were all
similar to conclusions reached above that is, seasonal variations for each municipality is statistically
significant except for one municipal group (Figure 25):

For Urban Regional: All waste variables for Fall and Spring are consistently similar except for one
sample that was slightly high in kg/hh/wk for printed paper. Fall and Spring audits could
potentially be sampled as one.

0.5

0.0

Second Component
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Figure 25:

Score Plot of Waste Variables for Urban Regional
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PCA Score Plot of Seasonal Variability in Waste Composition for Urban Regional
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4 Summary of Analysis And Recommendations

4.1 General Summary

The objective of this analysis was to answer the questions:

Do waste compositions differ at a statistically significant level among the various datacall groups
to warrant separate sampling; and,

Is there sufficient variability to warrant seasonal sampling.

In Section 2 and Section 3, univariate and multivariate statistical approaches were used to answer the
guestions above. First a box plot analysis was performed to examine and compare the central tendencies
(mean and median), spread of data (interquartile range) and extreme values (outliers) for each waste
variable and seasonal variations across the municipal groups. Principal component analysis was further
used to cluster similar groups and seasons by extracting principal components (secondary variables or
eigenvectors) and to allow for suggestive regrouping or cluster analysis of similar municipal groups or
seasons.

4.1.7  General Conclusions on Waste Compositions

Box plot analysis shows that:

For Printed Paper: the central tendency values (mean and median) and the data spread and
values are different for all municipal groups;

For Paper Packaging and Plastics: the central tendency values (mean and median) are similar for
all the Urban groups (Large Urban, Urban Regional and Medium Urban) and similar for Rural
Regional and Small Urban. The Rural municipal groups (Rural Collection -North, Rural Collection
— South, Rural Depot — North and Rural Depot — North) all show significant differences in their
central tendency values (mean and median), the spread of the data (inter-quartile ranges) and the
difference between the lowest and highest values (ranges);

For Metals: Data is more clustered within the Urban groups with similar mean kg/hh/wk values
than the Rural groups. The Rural Depot — North, however has a large inter-quartile range
indicating a wide spread or large variation in the kg/hh/wk for the sampling locations;

For Glass: the central tendency values are similar for Large Urban and Urban Regional groups
and generally large differences in the central tendency values, spread and ranges between the
Rural municipal groups.

Principal component analysis shows that:

Municipal grouping 1 (Large urban) is clustered mostly in the first quadrant some samples in the
second and fourth quadrants and moving away from the origin. The further from the origin the
higher or lower the value of the variable. The direction of the clusters shows that the municipal
group has high quantities in printed paper and paper packaging. The magnitude and direction of
the scores within this group make it different from other municipalities and may warrant separate
sampling;

Municipal grouping 2 (Urban Regional) is clustered around the origin with samples in all four
guadrants and majority in the first quadrant showing mostly municipalities high in all the waste
variables and others low in the variables. Municipal grouping 2 is enclosed in the Municipal
grouping 3 (Medium Urban) ellipse which has similar composition in terms of the clustering,
however with some samples higher in printed paper. For the purposes of this analysis, these two
groups can be considered similar enough to not warrant separate sampling. If multi-seasonal
averages arrive at similar conclusions, that could give additional validation;

Municipal grouping 4 (Small Urban) is clustered around the origin with samples scores in all the
four quadrants and an extreme value in the fourth quadrant. The general direction is toward the
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second quadrant, generally low in metals. The Small Urban ellipse encloses two other municipal
groups (Urban Regional and Small Urban), however due to observed extreme values, it is
deemed different from the other municipalities and may warrant separate sampling;

Municipal grouping 5 (Small Urban) is clustered in the second and third quadrants with one
sample in the first quadrant. The general direction is the second quadrant for municipalities with
generally low metal. The ellipse is enclosed in the Rural Regional but the magnitude and direction
of the overall score is different from that of the Rural Regional and the other municipalities and
may warrant separate sampling;

Municipal grouping 6 (Rural Collection — North) is shown in two clusters with another score
outside the ellipses. There is a large variability within this group that it may warrant separate
sampling;

Municipal grouping 7 (Rural Collection — South) is clustered in the fourth quadrant with some
samples in the first and second quadrants. However, the general direction is in the fourth
guadrant for municipalities high in metals. The Rural Collection — South may warrant a separate
sampling;

Municipal grouping 8 (Rural Depot — North) is has two extreme scores, one in the second
guadrant (low metal) and another in the fourth quadrant (high metal) with two close scores in the
third quadrant. The variability in this group may warrant separate sampling; and,

Municipal grouping 9 (Rural Depot — South) has one extreme score in the second quadrant but is
generally clustered in the lower third and fourth quadrant for municipalities high in metal. This
group may warrant separate sampling as it is different from the other municipalities.

The score plot in Figure 10 shows the distribution of the municipal groups from a single or multi-
year 4-season averages of the waste variables. As can be seen from the score distributions and
similarity ellipses, the municipal groupings do not show strong similarities in their waste
compositions and may all warrant separate sampling.

Conclusions from Section 2:

412

It can be deducted that the differences in the mean kg/hh/weak for all the waste variables at 95%
confidence level are statistically significant, that is, no municipal group is similar to the other in
terms of all the waste variables captured in the audit. Therefore, individual sampling of all
municipal groupings is recommended.

General Conclusions on Seasonal Variations

Box plot analysis shows that:

For Printed Paper: the seasonal averages have mean values and interquartile ranges that are
markedly different for each season. Although Spring and Summer show central tendency values
similar to each other, the skewness is much more pronounced in Summer than in the Spring;

For Paper Packaging: There is no similarity between any of the seasonal averages;

For Plastics: Fall and Spring show some similarities but higher skewness in the spread of the
values in the Spring than in the Fall;

For Metals, there is generally low seasonal averages for all the variables with similarities between
the seasons except for the Fall with higher skewness than in the rest of the Seasons; and,

For Glass, there is general similarities between the mean values except for Summer with a higher
mean and more skewed distribution.
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Principal component analysis shows that:

Seasonal averages for one Fall and one Summer are similar in waste composition with the
general direction is toward high metals in addition to high amounts in paper packaging, plastics
and glass. However, the other Fall averages are high in printed paper and low in metals. There is
also generally low similarity between the Fall and Summer averages. Therefore, Fall cannot be
considered to be similar to Summer in any statistical sense;

Two Winter seasonal averages are similar but different from an average Winter value that is high
in metals and lower in the other variables for the other Winter seasons;

There is no general similarity between any seasons for the 3-year average kg/hh/wk values for all
the waste variables.

Conclusions from Section 3:

It can be deducted that the differences in the mean kg/hh/weak for all the waste variables at 95%
confidence level are statistically significant. That is, no season is similar to the other for any one
municipal group, other than the Fall and Spring waste compositions for the Urban Regional
municipal group. Further, no municipal group is similar to the other in terms of all the waste
categories captured in the audit. Therefore, continued seasonal sampling of the municipal
groups is recommended. Based on the analysis, it appears that the types of materials audited
at any one event may be dependent on individual household activities during any one season or
immediately before the date the audit was taken.

4.2 Recommendations

The following recommendations are based on the results of the analysis:

No municipal group is similar to the other in terms of all the waste variables captured in the audit.
Therefore, individual sampling of all municipal groups is recommended;

The composition of waste between seasons is not statistically similar to each other for all but one
of the municipal groups (Urban Reginal) in terms of all the waste categories captured in the
audit. Therefore, continual seasonal waste composition studies are recommended;

The Fall and Spring waste compositions for the Urban Regional are similar enough to be sampled
as one. Therefore, it is feasible for the seasonal sampling for the Urban Regional municipal group
to occur in Summer, Winter, and either Fall or Spring;

Audit Variation and Re-grouping (see Table 1 of Appendix for Audits): For Rural Collection —
North appears as two clusters from the 3-year audits 10, 16 and 29. The variations in Audits 16
and 29 (for 2016 and 2017, respectively) are fairly consistent with the other municipal group
audits. However, Audit 10 (for 2015) is remarkably and is suggestive of two municipal groups for
Rural Collection — North. Additional data or audit data would be required to confirm this large
difference. Apart from extreme values that present throughout the analysis for both waste
variations and seasonal variation in the municipal groups, no re-grouping is suggestive at this
point as additional data would be needed to confirm some of the large differences observed. This
could potentially be achieved through one particular grouping (or more) being audited more
frequently to see how the material may change during the year.
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Table Al: Summary of Audit Data

Note: to protect the confidentiality of the audit data, the names of the municipalities were replaced with a
Municipal Code. The code consisted of the following format:

Municipal Group No. - Study Type - REOI Application Year - Unique Study Number

where “SF” referred to Single Family curbside composition studies and “Depot” referred to depot
composition studies.

Total
. Total Total Total Total
Municipal Code Mé?:)cdgal Sset;sdoyn Paper Paizzgirng Plastics Metals Glass
(kg/mhiwk) | 2o | (karhiiwk) | (kgiiink) | (kgihivink)

1-SF-2015-1 1 Large Fall 1.796 1.273 1.240 0.272 0.457
Urban

1-SF-2015-1 1U'-rg;%]e Spring 1.445 1.212 1.236 0.289 0.451

1-SF-2015-1 Liarge | summer | 1.419 1.303 1.336 0.287 0.397

1-SF-2015-1 lqug;%]e Winter 1.380 1.198 1.127 0.278 0.489

1-SF-2015-3 1Large Fall 1.570 1.390 1.219 0.335 0.487
Urban

1-SF-2015-3 L Large Spring | 1.301 1.467 1.585 0.430 0.542

1-SF-2015-3 lqug;%]e Summer | 1.122 1.410 1.253 0.300 0.487

1-SF-2015-3 lul_rg;%e Winter 1.288 1.437 1.273 0.328 0.540

1-SF-2016-18 1Large Fall 1.68 1.56 1.36 0.31 0.48
Urban

1-SF-2016-18 1Large Spring 1.46 1.88 1.67 0.33 0.64
Urban

1-SF-2016-18 1Large Summer 1.30 1.76 1.37 0.32 0.74
Urban

1-SF-2016-18 1 Large Winter 0.76 1.63 131 0.36 0.65
Urban

1-SF-2016-20 1 Large Fall 2.23 1.25 1.07 0.31 0.59
Urban

1-SF-2016-20 1Large Spring 1.63 1.14 1.00 0.29 0.53
Urban

1-SF-2016-20 1 Large Summer 1.60 1.18 1.07 0.24 0.57
Urban

1-SF-2016-20 1 Large Winter 1.33 1.19 1.20 0.26 0.55
Urban

1-SF-2017-23 1 Large Winter 1.56 1.59 1.51 0.39 0.69
Urban

1-SF-2017-23 1Large Spring 1.85 1.69 1.66 0.39 0.70
Urban

1-SF-2017-23 1Large Fall 2.03 1.51 1.69 0.46 0.73
Urban

1-SF-2017-23 1 Large Summer 2.06 1.62 1.85 0.43 0.73
Urban

2-SF-2016-17 2 Urban Fall 1.34 1.45 131 0.35 0.54

Regional
2-SF-2016-17 2 Urban Spring 1.38 1.30 1.42 0.37 0.55
Regional
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Total
. Total Total Total Total
Municipal Code Mé?:)cdgal Sset;sdoyn Paper Paizzgirng Plastics Metals Glass
(kg/mhiwk) | 2o B8RS | (karhiiwk) | (kgihiink) | (kg/hivink)
2-SF-2016-17 2Utban = | o\ hmer | 117 1.15 1.41 0.38 0.63
Regional
2-SF-2016-17 2 Urban Winter 0.88 1.18 1.21 0.32 0.50
Regional
2 Urban
2-SF-2017-25 Regional Fall 1.31 1.45 1.34 0.35 0.55
2-SF-2017-25 2Utban | g\ hmer | 108 1.46 1.47 0.35 0.60
Regional
2-SF-2017-25 2 Urban Winter 078 1.24 1.10 0.28 0.49
Regional
2-SF-2017-25 2 Urban Spring 1.45 1.78 1.71 0.42 0.69
Regional
2-SF-2017-26 2 Urban Fall 1.55 1.40 1.34 0.35 0.55
Regional
2-SF-2017-26 2 Urban Spring 1.10 1.27 1.50 0.38 0.46
Regional
2 Urban
2-SF-2017-26 Regional Summer 1.39 1.32 1.32 0.36 0.46
2-SF-2017-26 2 Urban Winter 1.15 1.04 1.23 0.30 0.47
Regional
3-SF-2015-5 8 B"ﬁ)‘g‘;m Fall 1.964 1.235 1.214 0.381 0.614
3-SF-2015-5 3 Mﬁ)‘g‘;m Spring 2.173 1.366 1.387 0.338 0.602
3-SF-2015-5 3 Mﬁ)‘g‘;m Summer | 1.870 1.315 1.569 0.334 0.710
3-SF-2015-5 8 B"ﬁ)‘g‘;m Winter 1.945 1.467 1.362 0.345 0.706
3-SF-2016-13 3 Medium Fall 1.99 1.51 1.82 0.46 0.73
Urban
3-SF-2016-13 3Medium | o er 1.35 1.45 1.62 0.40 0.68
Urban
3-SF-2016-13 3 Medium Winter 1.13 1.66 1.63 0.35 0.49
Urban
3-SF-2016-13 3 Medium Spring 1.49 2.13 1.93 0.40 0.67
Urban
3-SF-2017-27 3 Medium Fall 1.13 1.04 1.12 0.32 0.48
Urban
3-SF-2017-27 3Medium | o o er 0.96 0.94 1.17 0.32 0.37
Urban
3-SF-2017-27 3 Medium Winter 0.90 1.04 1.06 0.34 0.45
Urban
3-SF-2017-27 3 Medium Spring 0.84 1.17 1.28 0.32 0.45
Urban
4-SF-2015-7 4 Rural Fall 1.133 1.084 1.088 0.420 0.489
Regional
4-SF-2015-7 4 Rural Winter 1.281 1.237 1.014 0.315 0.637
Regional
4-SF-2015-7 4 Rural Spring 1.085 1.147 1.249 0.270 0.544
Regional
4 Rural
4-SF-2015-7 \ Summer | 1.243 1.074 1.172 0.410 0.780
Regional
4-SF-2015-8 4 Rural Fall 1.515 1.376 1.542 0.440 0.419
Regional
4-SF-2015-8 4 Rural Winter 1.642 1.430 1.497 0.520 0.686
Regional
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Total
. Total Total Total Total
Municipal Code Mé?:)cdgal Sset;sdoyn Paper Paizzgirng Plastics Metals Glass
(kg/mhiwk) | 2o B8RS | (karhiiwk) | (kgihiink) | (kg/hivink)
4-SF-2015-8 4 Rural Summer |  1.576 1.503 1.702 0.692 0.457
Regional
4-SF-2015-8 4 Rural Spring 1.588 1.565 1.679 0.501 0.456
Regional
4-SF-2016-14 4 Rural Fall 0.65 0.84 0.92 0.24 0.33
Regional
4-SF-2016-14 4 Rural Spring 0.84 0.89 1.11 0.26 0.37
Regional
4-SF-2016-14 4 Rural Summer | 0.75 0.99 1.19 0.33 0.42
Regional
4-SF-2016-14 4 Rural Winter 0.64 0.82 0.81 0.23 0.40
Regional
4-SF-2016-15 4 Rural Fall 218 1.37 1.19 0.38 0.55
Regional
4-SF-2016-15 4 Rural Spring 1.40 1.00 1.06 0.34 0.41
Regional
4 Rural
4-SF-2016-15 Regional | SUmmer 1.57 1.29 1.59 0.38 0.45
4-SF-2016-15 4 Rural Winter 1.20 1.15 1.16 0.32 0.42
Regional
4-SF-2017-28 4 Rural Winter 0.65 1.03 0.03 0.30 0.40
Regional
4 Rural
4-SF-2017-28 Regionl Fall 1.03 1.15 0.94 0.26 0.42
4-SF-2017-28 4 Rural Summer 0.62 1.14 1.16 0.28 0.58
Regional
4-SF-2017-28 4 Rural Spring 1.15 1.23 111 0.26 0.55
Regional
5-SF-2015-11 5&&?}” Fall 1.184 1.030 0.923 0.309 0.379
5-SF-2015-11 5US”;T;?1" Spring 1.091 0.897 0.960 0.240 0.438
5-SF-2015-11 SUSrl;gi” Winter 0.789 0.754 0.713 0.267 0.340
5 Small
5-SF-2015-11 oy Summer | 0.956 1.039 0.961 0.235 0.294
5-SF-2016-22 5 Small Fall 0.86 1.30 1.12 0.39 0.40
Urban
5-SF-2016-22 5 Small Spring 0.92 1.73 1.26 0.32 0.40
Urban
5-SF-2016-22 5 Small Summer | 0.89 1.32 1.01 0.28 0.39
Urban
5-SF-2016-22 5 Small Winter 0.65 1.29 1.01 0.32 0.37
Urban
6-SF-2015-10 | © Rul\[s'rtﬁo” “ | spring 0.112 0.220 0.409 0.171 0.150
6-SF-2015-10 | © R‘,{lrg'rtﬁo" “ | winter | 0.109 0.268 0.426 0.180 0.226
6-SF-2015-10 | © R‘Ij\lrg'rtﬁo" | Fal 0.427 0.449 0.429 0.235 0.189
6-SF-2015-10 | © Rul\[s'rtﬁo” " | summer | 0.214 0.305 0.428 0.230 0.180
6-SF-2016-16 | © R‘f\lrg'rtﬁo" . Fall 0.92 1.21 1.28 0.39 0.48
6-sF2016-16 | ©RWA TN gpring 0.88 1.46 1.58 0.44 0.64
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Total
Municipal Code Mé?(i)cuigal Sset;sdoyn gg;)zlr Paizzgirng Pl-lz-i(')stt?(lzs I\;Irgtﬁls ;srloe::i
(kg/hhiwi) | 250009 | (kgihhiwk) | (kg/mhiwk) | (kg/hhiwk)
6-SF-2016-16 | © R‘,‘\lrg'rtﬁo" " | summer | 064 1.37 1.58 0.42 0.75
6-SF-2016-16 | © lertﬁo” “ | winter 0.60 1.21 1.28 0.49 0.57
6-SF-2017-29 | © R‘lj\lrs'rtﬁo” " | spring 0.74 1.12 1.75 0.39 0.51
6-SF-201729 | © R‘,‘\lrg'rtﬁo" " Fal 0.82 1.15 1.26 0.40 0.46
6-SF-201729 | © R‘,‘\lrg'rtﬁo" " | summer | 059 1.32 1.49 0.40 0.44
6-SF-2017-29 | © R‘lj\lrs'rtﬁo” " | Winter 0.40 0.76 1.17 0.29 0.40
7-SF-2015.9 | ' R‘gj&;"" T Fal 1.318 1.648 1.507 0.432 0.706
7-SF-2015-9 | '/ R‘gj&;"" “ | spring | 0877 1.286 1171 0.338 0.537
7-SF-2015.9 | ' R‘ggitio” “ | summer | 1.255 1.520 1.508 0.458 0.501
7-SF-2015.9 | | R‘ggl'ﬂio” “ | winter | 1595 1.858 1.421 0.433 0.796
7-SF-2017-30 | [ RuralColl- |y 1.05 1.28 1.60 0.52 0.46
South
7-SF-2017-30 | ' Rgﬁ‘fjtﬁo" " | spring 1.05 1.44 1.75 0.55 0.62
7-SF-2017-30 | | R‘ggl'ﬂio” * | summer | 0.80 1.39 1.49 0.37 0.47
7-SF-201730 | ' R‘gj&;"" “ | winter 1.06 1.16 1.35 0.42 051
8-Depot-2017-31 | & RUIAIDEPOL | gping 0.06 0.12 0.14 0.04 0.08
8-Depot-2017-31 | ° Rf‘ﬁ(‘)gﬁpm Fall 0.54 1.12 1.26 0.78 0.48
8-Depot-2017-31 | 8 Rf’ﬁ(’)gﬁpm Summer |  0.41 1.03 1.20 0.41 0.49
8-Depot-2017-31 | Rf‘ﬁ(‘)gﬁpm Winter 0.32 1.00 1.15 0.46 0.32
9-Depot-2015-12 | R_“gac'niﬁpm Fall 0.890 1.871 1.163 0.516 0.585
9-Depot-2015-12 | R_“rsac'niﬁpm Spring 0.845 1.026 1.259 0.398 0.515
9-Depot-2015-12 | ¥ RUR DEPOU I winer | 0.375 0.733 1.028 0.500 0.482
9-Depot-2015-12 | R_“rsac'niﬁpm Summer | 0.701 1.221 1.230 0.529 0.604
9-Depot-2017-32 | R_“rsac'niﬁpm Fall 0.75 0.69 1.24 0.54 071
9-Depot-2017-32 | R_”;a(ﬁﬁp‘“ Spring 0.09 0.16 0.15 0.06 0.07
9-Depot-2017-32 | ¥ RUEI DO | symmer | 0.75 1.23 1.45 0.50 0.94
9-Depot-2017-32 | R_“rsac'niﬁpm Winter 0.83 0.62 1.22 0.57 0.45
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Total Total Paper Total Total Total

Municipal Group Paper Packaging Plastics Metals Glass
(kg/hh/wk) | (kg/hh/wk) | (kg/hh/iwk) | (kg/hh/iwk) | (kg/hh/wk)

1 Large Urban 1.30 1.71 1.43 0.33 0.63

1 Large Urban 1.51 1.25 1.23 0.28 0.45

1 Large Urban 1.70 1.19 1.08 0.27 0.56

1 Large Urban 1.87 1.60 1.68 0.42 0.71

1 Large Urban 1.32 1.43 1.33 0.35 0.51

2 Urban Regional 1.19 1.27 1.34 0.35 0.56

2 Urban Regional 1.16 1.48 1.41 0.35 0.58

2 Urban Regional 1.30 1.26 1.35 0.35 0.48

3 Medium Urban 1.99 1.35 1.38 0.35 0.66

3 Medium Urban 1.49 1.69 1.75 0.40 0.64

3 Medium Urban 0.96 1.05 1.16 0.32 0.44

4 Rural Regional 1.19 1.14 1.13 0.35 0.61

4 Rural Regional 1.58 1.47 1.61 0.54 0.50

4 Rural Regional 0.72 0.89 1.01 0.26 0.38

4 Rural Regional 1.59 1.20 1.25 0.35 0.46

4 Rural Regional 0.86 1.14 1.04 0.28 0.49

5 Small Urban 1.00 0.93 0.89 0.26 0.36

5 Small Urban 0.83 1.41 1.10 0.33 0.39

6 Rural Coll - North 0.22 0.31 0.42 0.20 0.19

6 Rural Coll - North 0.76 131 1.43 0.43 0.61

6 Rural Coll - North 0.64 1.09 1.42 0.37 0.45

7 Rural Coll - South 1.26 1.58 1.42 0.42 0.66

7 Rural Coll - South 0.99 1.32 1.55 0.46 0.52

8 Rural Depot - North 0.33 0.82 0.94 0.42 0.34

9 Rural Depot - South 0.70 1.21 1.17 0.49 0.55

9 Rural Depot - South 0.60 0.68 1.02 0.42 0.54
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Table A3: Summary of Seasonal Data for Waste Variables

Audit Category Municipal Group Fall Winter Spring | Summer
No Name (kg/hh/wk) | (kg/hhiwk) | (ka/hh/wk) | (kg/hh/wk)
1 Glass 1 Large Urban 0.457 0.489 0.451 0.397
3 Glass 1 Large Urban 0.487 0.540 0.542 0.487
18 Glass 1 Large Urban 0.479 0.651 0.644 0.739
20 Glass 1 Large Urban 0.592 0.551 0.530 0.570
23 Glass 1 Large Urban 0.726 0.689 0.703 0.728
17 Glass 2 Urban Regional 0.541 0.502 0.548 0.630
25 Glass 2 Urban Regional 0.547 0.494 0.692 0.598
26 Glass 2 Urban Regional 0.550 0.468 0.457 0.462
5 Glass 3 Medium Urban 0.614 0.706 0.602 0.710
13 Glass 3 Medium Urban 0.734 0.491 0.668 0.685
27 Glass 3 Medium Urban 0.482 0.451 0.447 0.375
7 Glass 4 Rural Regional 0.489 0.637 0.544 0.780
8 Glass 4 Rural Regional 0.419 0.686 0.456 0.457
14 Glass 4 Rural Regional 0.330 0.404 0.368 0.419
15 Glass 4 Rural Regional 0.548 0.422 0.412 0.448
28 Glass 4 Rural Regional 0.419 0.399 0.552 0.575
11 Glass 5 Small Urban 0.379 0.340 0.438 0.294
22 Glass 5 Small Urban 0.402 0.375 0.401 0.389
10 Glass 6 Rural Coll - North 0.189 0.226 0.150 0.180
16 Glass 6 Rural Coll - North 0.478 0.572 0.638 0.752
29 Glass 6 Rural Coll - North 0.461 0.401 0.507 0.444
9 Glass 7 Rural Coll - South 0.706 0.796 0.537 0.591
30 Glass 7 Rural Coll - South 0.464 0.514 0.620 0.467
31 Glass 8 Rural Depot - North 0.479 0.323 0.084 0.492
12 Glass 9 Rural Depot - South 0.585 0.482 0.515 0.604
32 Glass 9 Rural Depot - South 0.710 0.453 0.074 0.942
1 Metal 1 Large Urban 0.272 0.278 0.289 0.287
3 Metal 1 Large Urban 0.335 0.328 0.430 0.300
18 Metal 1 Large Urban 0.315 0.357 0.325 0.315
20 Metal 1 Large Urban 0.306 0.260 0.285 0.244
23 Metal 1 Large Urban 0.460 0.394 0.389 0.434
17 Metal 2 Urban Regional 0.353 0.321 0.365 0.380
25 Metal 2 Urban Regional 0.354 0.277 0.417 0.355
26 Metal 2 Urban Regional 0.349 0.298 0.384 0.362
5 Metal 3 Medium Urban 0.381 0.345 0.338 0.334
13 Metal 3 Medium Urban 0.455 0.347 0.404 0.395
27 Metal 3 Medium Urban 0.316 0.336 0.317 0.322
7 Metal 4 Rural Regional 0.420 0.315 0.270 0.410
8 Metal 4 Rural Regional 0.440 0.520 0.501 0.692
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Continuous Improvement Fund

Audit Category Municipal Group Fall Winter Spring | Summer
No Name (kg/hhiwk) | (kg/hh/wk) | (kg/hhiwk) | (kg/hh/wk)
14 Metal 4 Rural Regional 0.242 0.226 0.257 0.329
15 Metal 4 Rural Regional 0.382 0.323 0.336 0.375
28 Metal 4 Rural Regional 0.260 0.300 0.265 0.283
11 Metal 5 Small Urban 0.309 0.267 0.240 0.235
22 Metal 5 Small Urban 0.388 0.321 0.315 0.277
10 Metal 6 Rural Coll - North 0.235 0.180 0.171 0.230
16 Metal 6 Rural Coll - North 0.388 0.488 0.439 0.418
29 Metal 6 Rural Coll - North 0.396 0.292 0.391 0.396

9 Metal 7 Rural Coll - South 0.432 0.433 0.338 0.458
30 Metal 7 Rural Coll - South 0.516 0.415 0.547 0.367
31 Metal 8 Rural Depot - North 0.782 0.462 0.036 0.406
12 Metal 9 Rural Depot - South 0.516 0.500 0.398 0.529
32 Metal 9 Rural Depot - South 0.535 0.566 0.059 0.503
1 Paper 1 Large Urban 1.796 1.380 1.445 1.419
3 Paper 1 Large Urban 1.570 1.288 1.301 1.122
18 Paper 1 Large Urban 1.680 0.755 1.465 1.296
20 Paper 1 Large Urban 2.231 1.332 1.631 1.602
23 Paper 1 Large Urban 2.027 1.556 1.847 2.064
17 Paper 2 Urban Regional 1.342 0.882 1.376 1.174
25 Paper 2 Urban Regional 1.309 0.777 1.454 1.080
26 Paper 2 Urban Regional 1.552 1.145 1.103 1.393
5 Paper 3 Medium Urban 1.964 1.945 2.173 1.870
13 Paper 3 Medium Urban 1.987 1.133 1.493 1.350
27 Paper 3 Medium Urban 1.128 0.897 0.836 0.961
7 Paper 4 Rural Regional 1.133 1.281 1.085 1.243
8 Paper 4 Rural Regional 1.515 1.642 1.588 1.576
14 Paper 4 Rural Regional 0.654 0.642 0.839 0.753
15 Paper 4 Rural Regional 2.178 1.204 1.395 1.565
28 Paper 4 Rural Regional 1.028 0.652 1.148 0.620
11 Paper 5 Small Urban 1.184 0.789 1.091 0.956
22 Paper 5 Small Urban 0.862 0.646 0.920 0.886
10 Paper 6 Rural Coll - North 0.427 0.109 0.112 0.214
16 Paper 6 Rural Coll - North 0.919 0.602 0.877 0.640
29 Paper 6 Rural Coll - North 0.820 0.402 0.739 0.587
9 Paper 7 Rural Coll - South 1.318 1.595 0.877 1.255
30 Paper 7 Rural Coll - South 1.051 1.059 1.049 0.796
31 Paper 8 Rural Depot - North 0.539 0.323 0.062 0.409
12 Paper 9 Rural Depot - South 0.890 0.375 0.845 0.701
32 Paper 9 Rural Depot - South 0.745 0.829 0.095 0.749
1 Paper Packaging 1 Large Urban 1.273 1.198 1.212 1.303
3 Paper Packaging 1 Large Urban 1.390 1.437 1.467 1.410
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Continuous Improvement Fund

Audit Category Municipal Group Fall Winter Spring | Summer
No Name (kg/hhiwk) | (kg/hh/wk) | (kg/hhiwk) | (kg/hh/wk)
18 Paper Packaging 1 Large Urban 1.564 1.635 1.876 1.759
20 Paper Packaging 1 Large Urban 1.255 1.194 1.138 1.182
23 Paper Packaging 1 Large Urban 1.508 1.586 1.690 1.615
17 Paper Packaging 2 Urban Regional 1.451 1.183 1.305 1.147
25 Paper Packaging 2 Urban Regional 1.449 1.242 1.775 1.458
26 Paper Packaging 2 Urban Regional 1.402 1.044 1.268 1.320
5 Paper Packaging 3 Medium Urban 1.235 1.467 1.366 1.315
13 Paper Packaging 3 Medium Urban 1.515 1.661 2.132 1.452
27 Paper Packaging 3 Medium Urban 1.042 1.036 1.166 0.943
7 Paper Packaging 4 Rural Regional 1.084 1.237 1.147 1.074
8 Paper Packaging 4 Rural Regional 1.376 1.430 1.565 1.503
14 Paper Packaging 4 Rural Regional 0.844 0.822 0.891 0.992
15 Paper Packaging 4 Rural Regional 1.371 1.148 1.004 1.292
28 Paper Packaging 4 Rural Regional 1.153 1.033 1.225 1.136
11 Paper Packaging 5 Small Urban 1.030 0.754 0.897 1.039
22 Paper Packaging 5 Small Urban 1.299 1.290 1.727 1.324
10 Paper Packaging 6 Rural Coll - North 0.449 0.268 0.220 0.305
16 Paper Packaging 6 Rural Coll - North 1.214 1.205 1.463 1.375
29 Paper Packaging 6 Rural Coll - North 1.147 0.757 1.122 1.323
9 Paper Packaging 7 Rural Coll - South 1.648 1.858 1.286 1.520
30 Paper Packaging 7 Rural Coll - South 1.278 1.161 1.437 1.390
31 Paper Packaging 8 Rural Depot - North 1.117 0.999 0.124 1.027
12 Paper Packaging 9 Rural Depot - South 1.871 0.733 1.026 1.221
32 Paper Packaging 9 Rural Depot - South 0.685 0.624 0.157 1.234

1 Plastics 1 Large Urban 1.240 1.127 1.236 1.336
3 Plastics 1 Large Urban 1.219 1.273 1.585 1.253
18 Plastics 1 Large Urban 1.356 1.314 1.672 1.371
20 Plastics 1 Large Urban 1.067 1.199 1.001 1.068
23 Plastics 1 Large Urban 1.691 1.512 1.655 1.852
17 Plastics 2 Urban Regional 1.311 1.206 1.416 1.412
25 Plastics 2 Urban Regional 1.344 1.098 1.714 1.467
26 Plastics 2 Urban Regional 1.340 1.226 1.500 1.323
5 Plastics 3 Medium Urban 1.214 1.362 1.387 1.569
13 Plastics 3 Medium Urban 1.822 1.630 1.931 1.620
27 Plastics 3 Medium Urban 1.118 1.064 1.275 1.173
7 Plastics 4 Rural Regional 1.088 1.014 1.249 1.172
8 Plastics 4 Rural Regional 1.542 1.497 1.679 1.702
14 Plastics 4 Rural Regional 0.921 0.810 1.108 1.190
15 Plastics 4 Rural Regional 1.195 1.158 1.063 1.593
28 Plastics 4 Rural Regional 0.943 0.926 1.108 1.164
11 Plastics 5 Small Urban 0.923 0.713 0.960 0.961
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Continuous Improvement Fund

Audit Category Municipal Group Fall Winter Spring | Summer
No Name (kg/hh/wk) | (kg/hhiwk) | (kg/hh/wk) | (kg/hhiwk)
22 Plastics 5 Small Urban 1.117 1.013 1.259 1.009
10 Plastics 6 Rural Coll - North 0.429 0.426 0.409 0.428
16 Plastics 6 Rural Coll - North 1.280 1.280 1.583 1.579
29 Plastics 6 Rural Coll - North 1.263 1.170 1.755 1.490

9 Plastics 7 Rural Coll - South 1.507 1.421 1171 1.598
30 Plastics 7 Rural Coll - South 1.597 1.355 1.752 1.494
31 Plastics 8 Rural Depot - North 1.263 1.152 0.140 1.199
12 Plastics 9 Rural Depot - South 1.163 1.028 1.259 1.230
32 Plastics 9 Rural Depot - South 1.243 1.224 0.154 1.450
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