Oregon E-Cycles Program

Oregon E-Cycles Collections
Determination for 2021

This document describes DEQ’s determination of the total weight of covered electronic devices
to be collected by Oregon E-Cycles recycling programs in 2021. It also describes DEQ’s
apportionment of that total weight as weights of TVs and non-TV devices (computers, monitors,
printers, and peripherals).

DEQ allocates the total weight of devices to be collected among participating manufacturers as
their respective return shares by weight. Recycling programs are responsible for recycling, at a
minimum, the total return share weight of their participating manufacturers during 2021.

The 2021 collections determination is 12,800,000 pounds, or 2.97 pounds per capita, and of
that total 7,680,000 pounds of TVs and 5,120,000 pounds of non-TV devices.

To make these determinations, DEQ generated numerous collection values for 2021 from six
different statistical models and calculated additional values using past collection data from
Oregon and Washington. DEQ also considered other factors such as trends in product
lightweighting, changes in the types of devices recycled, and consumer behaviors around
purchasing and recycling. To determine the weights for TV and non-TV devices, DEQ allocated
total collections based on the proportion of TVs and non-TV devices returned for recycling in
2019 after adjusting for the decline in TV returns in recent years.

Table 1 shows the annual collections determinations and collections since Oregon E-Cycles

operations began in 2009. The remainder of the report describes the calculations for the projected

collections for 2021, other factors considered, collection trends, and the 2021 collections
determination. Appendices provide additional information about past program collections, the
statistical models, and other calculations performed to project collections for 2021.

1 ORS 459A.340(3). Apportioning the total weight to be collected as weights of TVs and non-TV devices is

required as part of the annual collection determinations under 2019 amendments to Oregon E-Cycles
(HB 3114), which changed the method used to determine manufacturers’ return shares by weight
beginning in 2020.
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Table 1: Summary of E-Cycles Annual Collections and Determinations 2009 - 2021

Percent
Change in
Per Capita

Actual
Collections

Collections Actual Collections Total Collections
Determination” (without credits) (with credits)?

2009 | 12,210,000 3.3 19,115,790 | 500 N/A N/A NA
2010 | 21,460,000 5.8 24,150,347 | .30 N/A N/A 26.16%
2011 | 22,950,000 6.0 25,885,949 | .71 N/A N/A 6.45%
2012 | 27,051,000 7.1 26,670,440 | g9 | 28,123,134 | 7.6 2.65%
2013 | 28,641,550 7.3 27,731,429 | 706 | 29,668,476 | 755 2.44%
2014 | 29,261,460 7.4 27,429,939 | o1 | 29,197,113 | 73p -2.04%
2015* | 30,483,254 | 7.62 | 29,420,151 | 731 | 30,050,559 | 747 5.76%
2016 | 30,126,571 | 7.43 | 26,225,760 | 643 N/A N/A -11.99%
2017 | 28,000,000 | 6.81 | 24,090,120 | 5.82 | 24,654,962 | 5.99 -9.58%
2018 | 21,770,815 | 519 | 20,208,025 | 4.82 | 20,252,283 | 4.83 -17.20%
2019 | 17,250,000 | 4.05 | 18,019,990 | 4.23 N/A N/A -12.25%
2020 | 13,750,000 | 3.20 -24.35%"
2021 | 12,800,000 | 2.97 -7.27%8

"Represent the values reported in each year’s respective final collections determination publication

*First year for collections of printers and computer peripherals (keyboards and mice)

#First year using the Oregon Office of Economic Analysis population estimate instead of the U.S. Census Bureau
“Percent change comparing current year collections determination and prior year actual collections

$Percent change comparing upcoming collections determination and current year collections determination

Calculations of Projected Collections for 2021

DEQ used several different methods to project collections for 2021. They include calculating
values using per capita collections data from Oregon and Washington — the 2013-2018 and
Modified 2013-2018 methods — and generating multiple collection values from six different
statistical models. The methods are described below. The projected collection values from all of
these methods are displayed in Figures 1-5 along with historical E-Cycles collections and the
2020 collections determination.

2013-2018 and Modified 2013-2018 Methods

These two methods use collection weights and population data from Oregon and Washington to
determine the percent change in average per capita collection weights from one year to the next.
The percent change is applied to the previous year’s per capita collections determination (2013-
2018 method) or to the most recent per capita collection data (Modified 2013-2018 Methods) to
generate per capita weights for the coming calendar year. Those per capita weights are then

multiplied by the projected population for Oregon in 2021 to get the total pounds to be collected

2 Since 2012, a recycling program can accrue credits by collecting more than its annual return share weight
obligation, and may use credits to meet up to 15% of its annual obligation.



in the coming calendar year. A more detailed description for each method as well as the
corresponding collection values are provided in Appendix A.

Statistical Models

DEQ also used six different statistical models. Analysis using the six statistical models was
conducted by dividing quarterly and annual collections into three main groups. The various
groups were created because collections by the program during each year are influenced by
several factors. The factors include changes in product design, changes in number and type of
devices in households and businesses, changes in product lifespan, awareness of electronic
recycling programs, and storage of obsolete devices. Statistical models were utilized partly
because historical collections are influenced by each of the factors listed above. While the exact
influence of the factors is often unknown and hard to estimate, statistical models are able to take
into account the potential individual influence (i.e. variation) of each factor on the data without
knowing the exact influence of each factor. However, when influences are known and can be
measured, methods to account for them, such as dividing the data into groups, should be utilized.
The one known influence on the program is the addition of printers and peripherals as devices
collected in 2015.

The three main groups are: (1) calculations based on the sum total of collection weights for all
devices using either quarterly or annual returns for all years collection has occurred in the
program; (2) calculations based on the sum total of collection weights for all devices using either
quarterly or annual returns for years 2015 and later — 2015 is when printers and peripherals were
added to the program, and (3) calculations based on collection weights after splitting collections
into two sets, according to when the devices were added to the program. For Group 3, one set is
TVs, computers, and monitors and the other set is printers and peripherals. Analyses in Group 3
was also further divided into two subgroups, all years and post-peak years for TVs, computers,
and monitors.

Each of the three different groups above was analyzed using six statistical models. Four are time-
series statistical models: ARIMA, ETS, Holt-Winters, damped Holt-Winters. Time-series
statistical models are designed to analyze data that is collected at various moments through time
with the overall goal of identifying patterns through time after removing the influence of changes
that can occur between the seasons. The other two, linear regression and 2° polynomial, are not
time-series models; they fit specific patterns, like a straight line or curve. Because the analyses
involves both quarterly and annual data and some of the groups reduce the data based on years or
by subsets of devices, not all statistical models were used for every possible combination due to
limitations of each model. In all, the models were used 36 times for these analyses. Appendix A
provides a more detailed description of the models, their results and limitations and also outlines
which models were used to analyze the quarterly and annual data within each group. Appendix A
also describes why the groups were created and how post-peak for TVs, computers and monitors
was determined.

Results of the Calculations

The projected collection values from all methods, along with historical E-Cycles collections and
the 2020 collections determination, are displayed in Figures 1-5. Figure 1 displays the results
from the 2013-2018 Method and all three variations of the Modified 2013-2018 Methods.

Figures 2-5 display the results from the statistical models used to analyze Groups 1, 2 and 3.
Figure 2 shows results for all collection years and all devices (Group 1). Figure 3 shows results



using only collection years 2015-2019 for all devices (Group 2). Figures 4 and 5 show results
from analyzing printers and peripherals separately from TVs, computers, and monitors (Group 3).
Figure 4 shows the results for Group 3 for all collection years, while Figure 5 shows the results
for Group 3 when using only collection years 2013 and later, which corresponds with the peak
weight for collection of TVs, computers, and monitors.

Figure 1:
Annual Collections, Collections Determinations for 2020 and 2021, and
Percent Change Methods - 2013-2018 and Modified 2013-2018
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Figure 2:
Annual Collections, Collections Determinations for 2020 and 2021, and
Statistical Models based on Quarterly and Annual Collections of all Devices and all Years
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Figure 3:
Annual Collections, Collections Determinations for 2020 and 2021, and
Statistical Models based on Quarterly and Annual Collections of all Devices and Years 2015 and later
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Figure 4:
Annual Collections, Collections Determinations for 2020 and 2021, and
Statistical Models based on TVs, Computers, and Monitors for all Years
+ Printers and Peripherals Projection
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Figure 5:
Annual Collections, Collections Determinations for 2020 and 2021, and
Statistical Models based on TVs, Computers, and Monitors for Years 2013 and later
+ Printers and Peripherals Projection
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In evaluating which calculation methods are likely to most closely project 2021 collections, we
looked at which methods most closely projected actual collections in 2019, which is the only year
available for comparison since DEQ started using the Modified 2013-2018 Methods and
statistical models. The closest matches to 2019 collections (18 million pounds) were the Modified
2013-2018 method using the OR/WA Average Percent Change (18.5 million pounds) and the
Linear + PPP — Annual (18.4 million pounds). Results of those methods for 2021 projections are
in Figures 1 and 5, respectively. For 2021 they project 13.3 million and 13.9 million pounds,
respectively. Comparable modeling for most of the other 2021 projections in Figures 2-5 was not
done in 2019.

We also looked at which Group and uses of the 2021 models were most likely to project 2021
collections based on their properties and functions and identified predominately the Group 2
analyses displayed in Figure 3, which includes all device types together for years 2015 and later.
Restricting the data to years 2015 and later removes some of the influence the earlier years of the
program will have on modeling results. This is an important consideration because models use
past information to develop projections, and in early program years, awareness was likely
different and a higher percentage of devices collected were likely heavier. Including those years
would likely skew projections higher than actual. The remainder of the displayed results in
Figures 2, 4, and 5 mostly reflect the potentially higher skew and provide a range of possible
collections because earlier years and other influences are not removed with the exception of the
2° polynomial. 2° polynomial was specifically added to yield an extreme result for how much
collections could drop. However, it is an unlikely scenario considering other factors such as the
rebound effect described in the next section (Other Factors Considered), which is likely to
increase the weight of devices returned.

Other Factors Considered

In addition to the calculated collection values, DEQ considered other factors known to influence
returns. One well-known factor is reduced weight, or lightweighting. For the same screen size,
manufacturers today produce televisions and monitors much lighter than models of previous
generations. Another factor is decline in ownership of various device types such as CRTs
replaced by flat panels, likely replacement of tablets by smartphones or lighter laptops, and
possible reduced purchases of desktops as a result of increased use of laptop docking stations.
While these trends contribute to a decline in annual collection weights, those declines may be
partially offset by a rebound effect, which occurs if lightweighting motivates consumers to
purchase more devices or devices with larger screen sizes than they did in the past.

In 2018, the Oregon E-Cycles program began differentiating between cathode ray tube and flat
panel televisions as well as CRT and flat panel monitors when sampling devices returned for
recycling. According to the data in Table 2, CRT televisions and monitors are about 15 and 20
pounds heavier on average than flat panel televisions and monitors, respectively. While the
average weight for flat panel televisions does appear to be decreasing, because the program is not
measuring screen size during sampling, it is not possible to confirm whether the rebound effect is
impacting annual collections.



Table 2: Average Weights and Percentages for Cathode Ray Tube vs. Flat Panel

Average Percent of Average Percent of
Device Year Weight Televisions Weight Monitors
(pounds) Sampled (pounds) Sampled
Television 2018 61 65% 46 35%
visions
2019 58 58% 41 42%
. 2018 34 19% 11 81%
Monitors
2019 34 15% 11 85%

Other factors to consider are consumer awareness of the Oregon E-Cycles program and
stockpiling of unused devices. DEQ’s 2019 survey of Oregon residents revealed that only 32% are
aware of the E-Cycles program and 67% still have at least one unused device that could be
returned for recycling. As this is the first year for this survey, we can’t determine how public
awareness or stockpiling influenced early program returns. One logical assumption is that higher
collection weights during the first years of the E-Cycles program partially reflect recycling of
stockpiles of obsolete devices from consumer residences and that the decline in collection
weights since 2015 reflects in part a decline in stockpiled devices. As consumer awareness
appears to be low, its past influence on returns is unclear, but presumably, as awareness of the
program increases, it, like the rebound effect, would offset declines in returns. Overall the survey
and sampling help to improve DEQ’s understanding of collections.

Dr. Babbitt with the Rochester Institute of Technology - Golisano Institute for Sustainability
developed a predictive model based on sales to estimate the future impact of emerging electronic
technologies on a variety of sustainability issues, including disposal®. This approach uses
estimates for device weights and statistical models to estimate product lifespan, and future market
sales data for households to estimate total pounds of electronic devices potentially available for
collection in future years. At the request of DEQ, Dr. Babbitt’s group adapted the model to
predict future returns in Oregon. The results displayed in Figure 6 provide a different, market-
based vs. collections-based, lens to estimate the impacts of lightweighting, product lifespan, and
changes in consumer purchasing and disposal behaviors on future collections in Oregon.

3 Babbitt CW, Althaf S, Ryen E, Chen R. 2018. Predictive Modeling of Emerging Technology Products.
Staples Sustainable Innovation Lab, RIT- Golisano Institute for Sustainability. Viewed online 3/15/2019.
(https://www.rit.edu/gis/ssil/docs/CTA-SSIL%20Final%20Report%20SMM%20Phase%202%202018.pdf)



https://www.rit.edu/gis/ssil/docs/CTA-SSIL%20Final%20Report%20SMM%20Phase%202%202018.pdf

Figure 6: Total pounds of Electronic Devices potentially available for
disposal in Oregon
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Similar to DEQ’s collections-based analyses, Dr. Babbitt’s market-based analysis suggests that
overall collection weights should be declining; however, Dr. Babbitt’s model projects many more
pounds were available for collection than have been collected by the E-Cycles program in past
years. For example, of the 50 million pounds estimated as available in 2018 and 2019, E-Cycles
collected just over 20 million and 18 million pounds, respectively (Table 1). Although some gap
between availability and collections is expected, several factors could be influencing the size of
the gap. One is the model might be overestimating future sales. Other differences might exist
between actual product lifespan and actual weights of some devices collected. Additionally, the
model estimates the weight of devices available for disposal, including reuse, recycling or
disposal, while the E-Cycles program reports collection weights for only recycling, not reuse, and
does not collect for disposal.* The E-Cycles program is also not the only option for recycling
electronic devices in Oregon. While more work could refine projected availability, Dr. Babbitt’s
study highlights a potential for higher collections and thus the need to promote E-Cycles program
among Oregonians to ensure a high level of awareness. And as awareness increases, potential
future collection amounts are also likely to increase.

DEQ also considered potential affects COVID-19 could have on collections in 2021, but those
were too speculative to influence the 2021 collections determination.

4 ORS 459.247(2) Disposal of TVs, computers and monitors is banned in Oregon.



Collection Trends

The total weight of annual collections in the Oregon E-Cycles program has been declining since
2015. National trends show a similar decline®. Although that decline for Oregon E-Cycles
continued in 2019, the rate of decline appears to be slowing, going from a 17.5% drop from 2017
to 2018 to a 12.25% drop from 2018 to 2019 (Table 1). The rebound effect of lightweighting is
likely a factor in this slowing decline. Another, likely larger, factor is that heavier devices, TVs as
awhole and CRT TVs, make up declining percentages of all devices collected (Appendix C and
Table 2). DEQ expects returns for CRT TVs to continue to decline, as surveys show fewer
Oregon households still have CRT devices (1 in 5 in E-Cycles 2019 survey; down from 1 in 4 in
an earlier national survey). These changes, rebound effect and fewer heavier devices, will
continue to slow the rate of decline in collection weights and are a major reason why the
collections determination for 2021 changed by a smaller percent, 7.27%, than in previous years.
In future years, as the percentage of CRT TVs returned to the program continues to decrease, the
program expects the total weight of all collections to continue to decline slowly and possibly
level off or slightly increase.

Collections Determination for 2021

DEQ set the 2021 collections determination at 12,800,000 pounds, which equates to 2.97 pounds
per capita. DEQ believes this to be a realistic value reflecting the collection values projected and
the slowing rate of decline in the total weight of all collections. DEQ is also setting this
determination with the expectation that the Oregon E-Cycles recycling programs will continue
efforts to increase public awareness and promotion of collection opportunities.

DEQ apportioned the 12,800,000 pounds to be collected in 2021 as 7,680,000 pounds of TVs and
5,120,000 pounds of non-TV devices. DEQ allocated total pounds to be collected, 60% to TVs
and 40% to non-TV devices, based on the proportion of TVs and non-TV devices returned for
recycling in 2019, reduced 3% for TVs to account for the declines in TV collections in recent
years (Appendix C).

During 2021, DEQ plans to continue to review methods for determining the collections for 2022
and beyond with interested people, and more broadly, to work with them in evaluating and
updating Oregon E-Cycles as the world of electronics changes.

Alternative formats
DEQ can provide documents in an alternate format or in a language other than English upon
request. Call DEQ at 800-452-4011 or email deginfo@deq.state.or.us.

° Babbitt CW, Althaf S, Chen R. 2017. Development of a Sustainable Materials Management Modeling
Framework and Baseline Model Results. Staples Sustainable Innovation Lab, RIT- Golisano Institute for
Sustainability. Viewed online 3/15/2019.
(https://www.rit.edu/gis/ssil/docs/Final%20Report%20SMM%20Phase%201%202017.pdf)
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Appendix A

Explanation and Results of Methods

Three types of methods were used for projecting collections for 2021. They include the 2013-
2018 method; a modification of the 2013-2018 method; and several statistical models that have
been introduced over the last several years. A general description for each technique is provided
below and the results for each are displayed in Tables A-2, A-3, A-5, A-6, and A-7. For a more
detailed explanation about the techniques, you can contact the Oregon E-Cycles program at
info.ecycle@deq.state.or.us.

2013-2018 Method

From 2013 to 2018, DEQ used the same method for calculating the annual collections
determination. This method uses collection weights and population data from multiple states to
determine the percent change in average per capita collection weights from one year to the next.
The calculated percent change is used to calculate a per capita weight for the coming year. The
per capita amount for the coming calendar year is then multiplied by projected population for the
coming calendar year to get the total pounds to be collected in the coming calendar year.

Recent years used the change in average pounds per capita from only two states, Oregon and
Washington, which have similar programs. Table A-1 displays the pounds per capita and percent
change from the prior year for both Oregon and Washington as well as the average of both states
(OR/WA) for each year through 2019.

Table A-1: Pounds per Capita and Percent Change by Cohort

Percent Percent Average Average

Year Pounds Change Pounds per g Percent
) . ) Change from Pounds per
per Capita = from Prior Capita : . Change from
Prior Year Capita .
Year Prior Year

2009 5.00 5.78 5.39
2010 6.30 26.16% 5.87 1.47% 6.09 13.81%
2011 6.71 6.45% 6.18 5.25% 6.44 5.85%
2012 6.89 2.65% 6.30 2.03% 6.60 2.34%
2013 7.06 2.44% 6.48 2.82% 6.77 2.63%
2014 6.91 -2.04% 6.28 -3.07% 6.60 -2.55%
2015* 7.31 5.76% 5.94 -5.46% 6.62 0.15%
2016* 6.43 -11.99% 5.13 -13.67% 5.78 -12.83%
2017 5.82 -9.58% 4.23 -17.56% 5.02 -13.57%
2018 4.82 -17.20% 3.41 -19.31% 411 -18.26%
2019 4.23 -12.25% 2.83 -16.95% 3.53 -14.60%

*First year for collections of printers and computer peripherals (keyboards and mice
#First year using the Oregon Office of Economic Analysis (OEA) and Washington Office of Financial
Management (OFM) population estimates for each state respectively instead of the U.S. Census Bureau
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To perform the 2013-2018 method, the first step is to determine the average percent change in per
capita collection weights for OR/WA from 2018 to 2019 (Table A-1) and then apply the percent
change to the most recent pounds per capita determination — 3.20 for 2020 (Table 1) —to get the
pounds per capita projection for 2021 (Table A-2). That pounds per capita projection multiplied
by the projected population® for Oregon in 2021 provides the total pounds to be collected for
2021 (Table A-2).

Table A-2: 2013-2018 method

2021 Collections

AOY (G| G PR (2020 Ibs. per capita x OR/WA 2019 Avg. % Change)

Pounds per Capita Total Pounds Total Pounds

Pounds per Capita ‘

3.20 13,750,000 2.73 11,796,072

Modified 2013-2018 Method

In the 2013-2018 method, DEQ would calculate pounds per capita for the 2020 collections
determination in the spring of 2019 using 2018 collections data and pounds per capita for the
2019 collections determination, which was the most recent available information at that time. In
the modified 2013-2018 method, as shown in Table A-3, DEQ first recalculates the pounds per
capita value for 2020 using more recent collection weights. To do this, DEQ applied the 2019
percent change values for OR, WA, and the OR/WA average to the actual Oregon pounds per
capita collected in 2019 to get a new Oregon pounds per capita for 2020 for each percent change
value. The modified method then applies the 2019 percent change values to the new 2020 pounds
per capita to arrive at 2021 pounds per capita projections. As in the 2013-2018 method, the
pounds per capita projection is multiplied by the projected population? for Oregon in 2021 to
provide the total pounds to be collected in 2021. The modified method simply updates the 2020
per capita amount based on 2019 collections before determining the 2021 pounds per capita.

Table A-3: Modified 2013-2018 Methods

WA 2019 Percent
Change

OR/WA 2019 Average

OR 2019 Percent Change Percent Change

(-12.25%)

Pounds

Total

Pounds

(-16.95%)

Total

Pounds

(-14.60%)

Total

per Capita Collections per Capita Collections per Capita Collections
2020 3.71 15,948,684 3.51 15,093,533 3.61 15,521,109
2021 3.25 14,049,017 2.91 12,582,823 3.08 13,305,822

Statistical Models

Six statistical models were used to analyze prior years’ collections. All statistical models used
actual pounds collected, not pounds per capita. The models are ARIMA, ETS, Holt-Winters,
damped Holt-Winters, linear regression, and 2° polynomial. Analysis of prior years’ collections
were divided into three main groups.

& The Oregon Office of Economic Analysis (OEA) demographic forecast for 2021 is 4,316,600.



The three main groups are (1) calculations based on the sum total of collection weights for all
devices using either quarterly or annual returns for all years; (2) calculations based on the sum
total of collection weights for all devices using either quarterly or annual returns for years 2015
and later — 2015 is when printers and peripherals were added to the program, and (3) calculations
based on collection weights split into two sets, according to when collections for the devices were
added to the program as required by law — one set is TVs, computers, and monitors and the other
set is printers and peripherals. Within Group 3, each of the models described below are used in
various combinations to analyze the two sets. After analyzing each set separately a selected
collection weight for printers and peripherals is determined and is then added to each statistical
model value used to calculate a collection weight for televisions, monitors, and computers. The
process used for selecting the collection weight for printers and peripherals is described in
Appendix B.

The best statistical models are ones in which factors that are known to influence the outcome of
the model are removed or adjusted; as it relates to the Oregon E-Cycles program the one known
easy to account for factor is the addition of printers and peripherals as accepted devices by the
program in 2015. Program year 2015 had the highest total weight for all devices collected.
However, further analysis showed that the increased weight resulted from the introduction of
printers and peripherals as new device types to the E-Cycles program. When the annual weights
for each device type are compared separately (Appendix C), it can be seen that the combined
annual collection weights for televisions, computers, and monitors peaked at 27,731,429 pounds
in 2013 and have been declining since. When printers and peripherals were added to the program
in 2015, the annual collection weight for all device types combined peaked at 29,420,149 pounds;
however, the combined weight in 2015 for televisions, computers, and monitors — 26,318,800
pounds — was less than their combined weight in 2013. The addition of annual weight from
printers and peripherals masked the decline in the combined annual weight of televisions,
computers and monitor.

The three groupings for analysis were created as a way to modify the impact the addition of
printers and peripherals might have on projecting collections. Group 1 analyzes all device types
together and assumes the statistical models are able to account for the impact of the addition of
printers and peripherals. The second group analyzes all device types together but removes all
collections prior to 2015. The third group splits the data into two sets. One set analyzes TVs,
computers and monitors together; the other set combines printers and peripherals because the
addition of printers and peripherals hides a decrease in collections weights of televisions,
monitors, and computers. After analyzing each set separately in Group 3 a selected collection
weight for printers and peripherals is determined and is then added to each statistical model value
used to calculate a collection weight for televisions, monitors, and computers.

Due to limitations of the models, described below, not all statistical models were used in every
possible permutation of quarterly or annual data with different groups for all years and device
types; Table A-4 displays which models were used for each group. The results of the analyses are
displayed in Table A-5 thru A-7.



Table A-4: Analyses by Statistical Model

Statistical Models
Damped
n Type of Holt- : 2° Poly-
Device and Year Collections ETS Winters Holt- Linear nomial
Winters
Al Bevilass Quarterly X X X X
All Collection Years Al X X
Al Beviines Quarterly X X X X
Collection Years 2015 and later AT X X X X X
Split Approach
TVs, Computers, Monitors combined Quarterly X X X X
+ Printer and Peripherals CD
All Collection Years Annual X X
Split Approach
TVs, Computers, Monitors combined Quarterly X X X X
+ Printer and Peripherals CD
Collection Years 2013 and later A X X X X X
Printer and Peripherals Quarterly X X X X X X

ARIMA, ETS, Holt-Winters and damped Holt-Winters

ARIMA, ETS, Holt-Winters and damped Holt-Winters are in a similar family of statistical
models commonly referred to as time-series models, which are designed to analyze data that is
collected at various points through time with the overall goal of identifying changing trends
through time after removing the influence of variation that can occur as the seasons change.
These statistical models work best with quarterly data as it has variation across seasons. For
annual data, seasonal parameters are removed from the model.

ARIMA (autoregressive integrated moving average) analyzes data looking for relationships
through time that might exist between data points that are close in time to each other. Depending
on the type of data collected, an association or influence can exist between an earlier and later
time point whereby events occurring in a nearby earlier time point are highly likely to increase or
decrease the value at a later time point. When an earlier time influences a later time point, the
events are referred to as correlated. For the Oregon E-Cycles quarterly collection data, two types
of correlation exist. One is between the weights collected from quarter to quarter. The other is a
seasonal trend within a year, where quarters one and four tended to be the lowest. One benefit of
the ARIMA model is its ability adjust to fluctuations (both up and down) in long-term trends
across years as well as fluctuations between seasons.

ETS (error, trend, seasonal exponential smoothing), Holt-Winters, and damped Holt-Winters
utilize a method called exponential smoothing. Exponential smoothing is a method whereby
future predictions are the weighted averages of past observations where older observations are
given less influence (i.e. weights). Exponential smoothing methods work best when there are



many data points, such as quarterly collections, or when the data trends in the same direction or
unidirectionally, which means only up or down. As can be seen in Figures 1-5, annual collections
are not unidirectional, collections first increased in the early program years and then decreased
after reaching the highest point (peak) in 2015. Given these two limitations, ETS, Holt-Winters
and damped Holt-Winters were not used to analyze annual data that includes all years.

Linear Regression

This model is only used for data that is unidirectional (i.e. only goes either up or down), such as
after a peak by modeling a straight line through the data. In this program there are two peaks. One
is in 2015 when printers and peripherals were added. The other is in 2013 when the data is
restricted to only TVs, computers, and monitors.

2° Polynomial

Two variations of a 2° polynomial function were performed. One variation analyzed the annual
collection weights for all years of collection associated with the program (2009-2019). The other
variation only analyzed after a peak. A 2° polynomial fits a fixed curvilinear shape, for this data it
fits an upside down U. In fitting the curvilinear shape, 2° polynomials create a shape that is
symmetrical. As it applies to the annual collections for this program, it creates a shape with a
declining rate after the peak that mirrors the rate at which collections increased before the peak.
However, as the factors influencing early program collections, such as awareness and stockpiling,
are likely different from the factors influencing current collection amounts, a symmetrical fit
(mirror image) may not be the best approach. Therefore, the 2° polynomial was also used to fit a
curvilinear shape to only after the peak (i.e. half an upside down U). By reducing the data to only
after a peak, the fit would not be able to mirror the rate of increase in collections prior to the peak
because that information would not exist for the model to use thus providing a potential different
fitted shape and collection determination value.

Table A-5: 2021 Collections from the Statistical Models
Group 1: All Devices for All Collection Years

Percent Change
from 2019
Actual Collections

Percent Change
from 2020
Determination

Total Projected

Statistical Models Pounds

Quarterly Collections

Annual Collections

ARIMA 15,760,454 -12.54% 14.62%

ETS 15,022,273 -16.64% 9.25%
Holt-Winters 15,022,273 -16.64% 9.25%
Damped Holt-Winters 16,934,356 -6.02% 23.16%

ARIMA

13,643,914

-24.28%

-0.77%

2° Polynomial

7,677,046

-57.40%

-44.17%




Table A-6: 2021 Collections from the Statistical Models
Group 2: All Devices for Collection Years 2015 and later

Percent Change
from 2019 from 2020

Total Projected Percent Change

Statistical Models Pounds

Actual Collections Determination

Quarterly Collections

Annual Collections

ARIMA 10,836,726 -39.86% -21.19%
ETS 12,801,517 -28.96% -6.90%
Holt-Winters 12,516,759 -30.54% -8.97%
Damped Holt-Winters 12,929,037 -28.25% -5.97%

ARIMA 13,643,914 -24.28% -0.77%
ETS 12,403,558 -31.17% -9.79%
Holt-Winters 12,403,558 -31.17% -9.79%
Linear 12,065,589 -33.04% -12.25%
2° Polynomial 12,331,838 -31.57% -10.31%

Table A-7: 2021 Collections from the Statistical Models
Group 3: Split Approach - TVs, Computers, Monitors combined
+ Printer and Peripherals CD

Percent Change
from 2019  Actual
Collections

Percent Change
from 2020
Determination

Total Projected

Statistical Models Pounds

All Collection Years — Quarterly Collections

Collection Years 2013 and later — Quarterly Collections

ARIMA 14,696,019 -18.45% 6.88%
ETS 15,355,651 -14.79% 11.68%
Holt-Winters 15,355,651 -14.79% 11.68%
Damped Holt-Winters 16,872,799 -6.37% 22.71%
All Collection Years — Annual Collections
ARIMA 13,529,740 -24.92% -1.60%
2° Polynomial 5,564,451 -69.12% -59.53%

Collection Years 2013 and later — Annual Collections

ARIMA 14,463,787 -19.73% 5.19%

ETS 18,339,539 1.77% 33.38%
Holt-Winters 14,578,397 -19.10% 6.02%
Damped Holt-Winters 15,789,085 -12.38% 14.83%

ARIMA 13,685,252 -24.06% -0.47%
ETS 12,680,187 -29.63% -7.78%
Holt-Winters 12,680,187 -29.63% -7.78%
Linear 13,893,278 -22.90% 1.04%

2° Polynomial 9,292,671 -48.43% -32.42%




Appendix B

Collection Weight for Printers and Peripherals

Since Group 3 was divided into two sets — one set is TVs, computers, and monitors and the other
set is printers and peripherals — it is necessary to determine a collection weight for printers and
peripherals. Six models — ARIMA, ETS, Holt-Winters, damped Holt-Winters, linear regression,
and 2° polynomial — were used to determine the collection weight for printers and peripherals.
The collection weights from each model for printers and peripherals are displayed in Table B-1.
Damped Holt-Winters was selected as the model for collection weight for printers and peripherals
as its model appeared to best fit with the prior years’ collections. The selected collection weight
for 2021 for printers and peripherals (PPP) is 3,222,453 pounds. The selected collection weight
for printers and peripherals was then added to each collection weight from the televisions,
monitors, and computers models to get a total collection value for each of the combined models.

Table B-1: 2021 Collection Weights for Printers and Peripherals

Statistical Models Total Projected Pounds
ARIMA 3,329,839
ETS 3,329,760
Holt-Winters 3,025,740
Damped Holt-Winters 3,203,061
Linear Regression 3,222,453
2° Polynomial 2,028,801




Appendix C

Oregon Actual Collections (in pounds) and Percent of Total Collections by Device Type

Televisions Computers Monitors Printers Peripherals

Pounds Percent Pounds Percent‘ Pounds ‘Percent Pounds Percent | Pounds Percent

2009 10,884,263 57% 2,044,426 11% 6,187,101 32% N/A N/A N/A N/A
2010 14,889,227 62% 2,784,099 12% 6,477,022 27% N/A N/A N/A N/A
2011 17,975,999 69% 2,138,987 8% 5,770,963 22% N/A N/A N/A N/A
2012 20,173,234 76% 1,904,405 7% 4,592,802 17% N/A N/A N/A N/A
2013 21,690,705 78% 2,209,591 8% 3,831,133 14% N/A N/A N/A N/A
2014 21,885,680 80% 2,364,333 9% 3,179,926 12% N/A N/A N/A N/A

2015* | 21,149,446 2% 2,370,537 8% 2,798,817 10% 2,828,513 10% 272,837 1%
2016 18,044,919 69% 2,333,860 9% 2,177,483 8% 3,241,119 12% 428,379 2%
2017 16,421,936 68% 2,291,518 10% 1,903,424 8% 3,157,116 13% 316,128 1%
2018 13,407,548 66% 2,068,177 10% 1,552,687 8% 2,876,214 14% 303,402 2%
2019 11,290,419 63% 1,887,397 10% 1,616,685 9% 2,764,892 15% 460,597 3%

*First year for collections of printers and computer peripherals (keyboards and mice)




