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Abstract

This report complements the set of three milestone studies prepared for the Commission for
Environmental Cooperation (CEC) under the CEC project Transforming Recycling and Solid Waste
Management in North America.

A pilot study was conducted from March 2025 to July 2025 at two US composting facilities to
evaluate whether food packaging made of certified-compostable poly-coated fiber can be
effectively processed by existing aerobic composting facilities without affecting the compost
quality. This study also examined how the two pilot facilities—each using a different composting
method: covered aerated static pile (CASP) and turned windrow (TW)—managed and processed the
compostable packaging materials, additional costs incurred, operational challenges encountered
from the inclusion of compostable packaging materials, and the disintegration in compost of these
materials.

The aim of the work was to understand both the operational impacts and the compost quality
impacts that result from use of certified-compostable poly-coated fiber food packaging.

W\ CEC
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Executive Summary

This report was prepared for the Commission for Environmental Cooperation (CEC) to accompany
a set of three milestone studies for Canada and the United States made under the CEC project
Transforming Recycling and Solid Waste Management in North America. These studies cover the
markets and policy landscapes for post-consumer paper, plastic, and bioplastic waste from both
residential and commercial sources in both countries. Their purpose was to assess the current state
of recycling of these materials markets as contributors to a circular economy, identifying barriers
to recycling and making recommendations for how to overcome these barriers and thereby
increase circularity. While these studies focus on Canada and the United States, a similar set of
studies that focus on Mexico has also been developed.

As agreed by the representatives of Canada and the US on the CEC project’s Steering Committee,
a pilot study was conducted from March 2025 to July 2025 at two US composting facilities to
evaluate whether food packaging made of certified-compostable poly-coated fiber can be
effectively processed by existing aerobic composting facilities without affecting the compost
quality. The two US composting facilities chosen to participate in this pilot study use a different
composting method: covered aerated static pile (CASP) and turned windrow (TW). Methods used
during this pilot and the findings from it are of high relevance to both countries.

The aim of this pilot study was to understand the impacts of compostable packaging materials on
compost quality, the operational challenges experienced by composters when dealing with these
materials, and the disintegration of these materials in compost piles. Herein the term “compostable
packaging materials” (or simply “composting materials”) will be used for food packaging made of
certified-compostable poly-coated fiber.

The test facilities were selected using operational criteria determined by the project team and were
guided throughout the pilot process. The Figure 1.1:below details the phases involved in the pilot.

Figure 1.1: Phases Involved in the Pilot Study Process

N\ N\ AN N\
: Pile Building & Screening & Analysis &
Planning Dosing Sampling Reporting

1. Planning: Selecting composting facilities to run the pilot, sourcing the compostable
packaging materials, and prepping procedures, methodologies and facilities for the pilot.

s CEC
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2. Pile Building & Dosing: Building three compost piles at each facility: a control pile (CP) (with
no added compostable packaging materials, serving as a baseline to compare against the
two dosed piles), a low-dose (LD) pile (with a small proportion of compostable packaging
materials added [5-6%)]), and a high-dose (HD) pile (with a larger proportion of compostable
packaging materials added [~11-12%]). Sampling the feedstock (after mixing onsite) for
laboratory analysis.

3. Screening & Sampling: Screening the finished compost once the process for each pile was
complete and sampling the finished compost to analyze compost quality and the residual
materials (overs) to assess disintegration. Members of the project team were onsite at both
facilities during this phase.

4. Analysis & Reporting: Analyzing laboratory results to understand the effects of
compostable packaging materials on compost quality, and evaluating the disintegration of
compostable packaging materials.

Several pilot findings warrant further investigation in order to fully understand the impacts of
compostable packaging materials on compost quality, as well as on facility operation. Key findings
are outlined below and discussed in detail in Section 3. It should be noted that in some cases
additional investigation into key findings was deemed warranted but was not conducted as it was
outside the project’s scope of work.

Impacts of Compostable Packaging Materials on Compost Quality

Compostable packaging materials were administered in “doses” to two compost piles at each of two
facilities, and the resulting compost quality was assessed based on the chemical, physical and
biological properties of the finished compost in each pile and compared to that in a control pile. For
reference, Facility 1 uses a CASP composting system and Facility 2 uses a TW composting system.
Facility 2 completed a less comprehensive suite of laboratory analytical tests, so several points of
data are provided for Facility 1 only. An overview of the results from these tests shows the
following:

e Biological testing at Facility 1 revealed salmonella in all three piles, with detected amounts
increasing as packaging dose quantities increased, suggesting the compostable packaging
materials were a potential correlation. Further investigation is warranted to understand an
exact cause. It should be noted that biological tests were only performed on compost from
Facility 1, due to a miscommunication.

e Biological testing at Facility 1 revealed fecal coliform in all three piles; however, detected
amounts were highest in the control pile (CP) and therefore it is unlikely that these
detections are related to the compostable packaging materials, and further investigation
would be needed to determine the exact cause.

e Finished compost at both facilities revealed low levels of per- and polyfluoroalkyl
substances (PFAS), with most concentrations below available US and Canada guideline
limits for soil. Perfluorooctanoic acid (PFOA) was detected in Facility 2’s CP and high-dose
(HD) pile at levels above those prescribed in the Regional Screen Levels of the United States
(US) Environmental Protection Agency (EPA). As the detected amount of PFOA was highest

W\ CEC
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in the CP it is unlikely that these detections are related to the compostable packaging
materials, but further investigation would be needed to determine their exact cause.

e At Facility 1, finished compost moisture levels were within the desirable range for finished
compost. However, Facility 2 had generally low moisture levels in all three of its piles, as a
result of the dry weather conditions experienced throughout the pilot. As these moisture
levels were found across all three piles, they are unlikely to be related to the compostable
packaging materials.

e Finished compost pH levels were slightly alkaline across all piles at both facilities. As this
was the case in all piles and not just the dosed piles, it is unlikely to be related to the
compostable packaging materials.

e Nutrient indices denoted that Facility 1's finished compost was nutrient-rich and suitable
for a wide range of soil types, whereas Facility 2’s finished compost had a higher sodium
content, likely due to low moisture levels. However, as this was the case in all Facility 2's
piles and not just the dosed piles, it is unlikely to be related to the compostable packaging
materials.

Finished compost carbon-to-nitrogen (C:N) ratios fell within ideal ranges in all three piles at both
facilities, and organic matter content ranged from 68-77% at Facility 1 and 12-29% at Facility 2,
with no evidence that compostable materials negatively affected organic matter levels.

Impacts of Managing Compostable Packaging Materials on Facility Operations

Both facilities experienced additional labour requirements and operational challenges throughout
the pilot, which resulted in increased costs. Additional labour was required to manage lightweight
test items that blew away in windy conditions and had to be re-mixed into the compost piles.
Compostable packaging materials also tended to migrate to the edges of the piles at both facilities,
so additional labour was required to rake and mix these back into their respective piles.

Disintegration of Compostable Materials

The pilot showed that most compostable materials disintegrated effectively in the compost piles
over the 3-4-month composting period. Produce stickers disintegrated completely across all piles.
Sandwich wrappers also decomposed significantly, with disintegration rates between 83% and
95%. Polylactic acid (PLA)-lined fiber bowls, PLA-coated paper cups, and PLA-double-coated paper
cups showed more-variable breakdown, ranging between 51% and 95%, with some piles,
particularly Facility 2’s low-dose (LD) pile, retaining a noticeable portion of the materials. Overall,
the findings suggest that while most tested items disintegrated effectively, certain PLA-coated
products may require additional composting time or conditions to achieve complete
decomposition.

W\ CEC
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1.  Background

This report was prepared for the Commission for Environmental Cooperation (CEC) to accompany
a set of three milestone studies for Canada and the United States made under the CEC project
Transforming Recycling and Solid Waste Management in North America.! These studies cover the
markets and policy landscapes for post-consumer paper, plastic, and bioplastic waste from both
residential and commercial sources in both countries. Their purpose was to assess the current state
of recycling of these materials markets as contributors to a circular economy, identifying barriers
to recycling and making recommendations for how to overcome these barriers and thereby
increase circularity. While these studies focus on Canada and the United States, a similar set of
studies that focus on Mexico has also been developed.

As agreed by the representatives of Canada and the US on the CEC project’s Steering Committee,
a pilot study was conducted from March 2025 to July 2025 at two US composting facilities to
evaluate whether food packaging made of certified-compostable poly-coated fiber can be
effectively processed by existing aerobic composting facilities without affecting the compost
quality. The two US composting facilities chosen to participate in this pilot study use a different
composting method: covered aerated static pile (CASP) and turned windrow (TW). Methods used
during this pilot and the findings from it are of high relevance to both countries.

11 Purpose

Besides determining whether certified-compostable poly-coated fiber food packaging materials
can be processed without affecting compost quality, the purpose of this pilot study was to assess
how the two participating facilities managed and processed the compostable packaging materials,
what additional costs were incurred, and other operational challenges presented by the addition of
compostable packaging materials.

Herein the term “compostable packaging materials” (or simply “compostable materials”) will be
used for food packaging made of certified-compostable poly-coated fiber. Currently, composting
facilities throughout the US and Canada are cautious about accepting certified compostable
packaging for several reasons, including:

e concerns about contamination from hazardous chemicals in compostable packaging
materials, such as per- and polyfluoroalkyl substances (PFAS), that can leach into finished
compost;

e concerns over the biodegradation of compostable plastics, which could lead to macro- and
microplastic contamination in the finished compost;

e consumers’ inability to differentiate packaging with compostable plastic coatings from
those with conventional plastic coatings; and

1 CEC Project webpage: <https://www.cec.org/transforming-recycling-and-solid-waste-management-in-north-
america/>.

W\ CEC
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e practical problems associated with the handling of compostable packaging materials.

Thus, this pilot study aimed to understand both the operational impacts and compost quality
impacts that certified-compostable poly-coated fiber food packaging can have on the composting
process and on finished compost.

1.2 Pilot Study Process

The two participating facilities were selected using operational criteria determined by the project
team and were guided throughout the pilot process. Figure 1.1 details the phases involved in the
pilot.

Figure 1.1: Phases Involved in the Pilot Study Process
N\ N\ N\ N\
: Pile Building & Screening & Analysis &
Planning Dosing Sampling Reporting

1. Planning: Selecting composting facilities to run the pilot, sourcing the compostable
packaging materials, and prepping procedures, methodologies and facilities for the pilot.

2. Pile Building & Dosing: Building three compost piles at each facility: a control pile (CP) (with
no added compostable packaging materials, serving as a baseline to compare against the
two dosed piles), a low-dose (LD) pile (with a small proportion of compostable packaging
materials added [5-6%)]), and a high-dose (HD) pile (with a larger proportion of compostable
packaging materials added [~11-12%]). Sampling the feedstock (after mixing onsite) for
laboratory analysis.

3. Screening & Sampling: Screening the finished compost once the process for each pile was
complete and sampling the finished compost to analyze compost quality and the residual
materials (overs) to assess disintegration. Members of the project team were onsite at both
facilities during this phase.

4. Analysis & Reporting: Analyzing laboratory results to understand the effects of
compostable packaging materials on compost quality, and evaluating the disintegration of
compostable packaging materials.

1.3  Compost Quality

Compost quality refers to the physical, chemical, and biological characteristics of compost, which
determine its suitability and safety for use in applications such as agriculture, horticulture,
landscaping, gardening, topsoil and sod production, roadside and construction projects, wetlands
protection and creation, soil remediation, land revitalization, sports fields and golf courses,
ecosystem restoration, sediment and erosion control, and green infrastructure. As outlined by the

s CEC
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US Environmental Protection Agency (EPA 2025), high-quality compost enriches and builds healthy

soil by:
[ ]
[ ]

adding organic matter, nutrients, and beneficial microbes;

conserving water through improved moisture retention;

helping prevent erosion by reducing soil compaction and runoff;

reducing reliance on chemical fertilizers and pesticides;

improving plant growth and promoting higher yields of agricultural crops;

improving water quality by filtering stormwater and reducing nutrient and sediment runoff;
and

helping regenerate poor soil and remediate soils that have been depleted by overuse or
contamination.

Physical Characteristics
Physical characteristics of compost include particle size, moisture content, and the absence of
visible contaminants.

Particle Size: The particle size is captured by sifting compost through a screen of a specific
particle size range. Compost particle size range depends on the application for which the
compost is intended to be used. (USCC n.d.)

Moisture Content: The moisture content of compost indicates the presence of water and is
expressed as a percentage of the total weight. Moisture content can affect handling and
transportation of compost, as overly dry compost will be light and dusty while overly wet
compost will be heavy and clumpy. A desirable moisture content of finished compost ranges
from 40% to 50%. (USCC n.d.)

Visible Contaminants: Visible contaminants in compost can include a range of materials
such as plastics, glass, or stones, which can be identified by a visual assessment.

Chemical Characteristics
Chemical characteristics of compost include nutrient content, pH, carbon-to-nitrogen (C:N) ratio,
organic matter, and the presence of PFAS.

Nutrient Index: The nutrient index of compost is typically between 1 and 10 and it is
obtained by dividing the total nutrient (nitrogen, phosphate, and potash) concentration by
the amount of salt (sodium and chloride) found in the compost. The higher the nutrient index
of compost, the less likelihood of a toxic buildup of sodium in the soil. (Midwest Laboratories
2025.)

pH: The pH measures the acidity or alkalinity of the compost and is a measurement of the
hydrogen ion activity of soil or compost on a logarithmic scale. pH measurements between
6 and 8 are considered normal levels for compost and indicate a mature product. (Midwest
Laboratories 2025.)

C:N Ratio: The C:N ratio measures the balance between carbon and nitrogen. The ideal C:N
ratio for finished compost is between 10:1 and 20:1 (Midwest Laboratories 2025). High C:N
ratios (excess carbon) can slow down decomposition, and low C:N ratios (excess nitrogen)
SN CEC
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can result in the compost pile being difficult to manage—i.e., slimy, with unpleasant odors
and excess heat.

¢ Organic Matter: Organic matter can improve the physical properties of soil, supply energy
to soil, and increase the availability of nutrients in soil. Compost is a significant source of
organic matter for soil. Greater than 20% organic matter indicates a desirable range for
compost, on a dry-weight basis (Midwest Laboratories 2025).

e PFAS: Per- and polyfluoroalkyl substances are manufactured chemicals that are used in
industry and consumer products. PFAS are commonly found in both compostable and non-
compostable food packaging such as grease-resistant paper, microwave popcorn bags, pizza
boxes, and candy wrappers (CHEM Trust 2021). Studies have shown that exposure to
certain levels of PFAS can lead to cancer as well as to weight, immunity, developmental, and
reproductive health effects (Fenton et al. 2020).

Biological Properties
Biological properties of compost include maturity and the absence of pathogens.

e Maturity: Maturity of compost is the degree of completeness of the composting process.
Immature compost may contain high amounts of free ammonia, organic acids or other
water-soluble compounds, which can inhibit seed germination and root growth or produce
unpleasant odors (USCC n.d.).

e Absence of Pathogens: Pathogens are disease-causing organisms and include bacteria,
viruses, fungi, helminths, and protozoa, which can be present in raw waste or by-products
added to compost piles (USCC n.d.). Elevated temperatures maintained over time during
composting inactivate or destroy weed seeds and pathogens. This process is known as the
process to further reduce pathogens (PFRP) (USCC n.d.). Pathogens must be eliminated or
reduced to a level that is below threshold to ensure that the diseases are not transmitted
(uscCn.d.).

14 Operational Impacts

Operational impacts of accepting compostable packaging materials include processing challenges,
quality control, operational logistics, and financial impacts. Understanding these potential impacts
is important as they can directly affect composting facility efficiency, product quality, financial
viability, and the ability to site new facilities or maintain compliance at existing facilities (e.g.,
because of the effect of nuisance conditions, like visual litter, at a site).

In order to accept compostable packaging materials, facility employees would require training to
distinguish these materials from non-compostable packaging materials. Facilities may consider
adjusting pile management practices, monitoring, and aeration strategies. Non-shredded
compostable materials that do not disintegrate fully could clog compost equipment such as screens
or trommels. However, shredding compostable packaging materials prior to composting requires
additional space and labor.
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Theses operational impacts can result in increased costs for composting facilities. Staff training,
more-intensive monitoring, and modifications to pile management and aeration can all demand
additional labor hours and, in some cases, investment in new equipment.

15 Test Facilities

151  Facility Selection Method and Criteria

To choose the host facilities for the pilot, the project team selected facility operating criteria in
coordination with CEC and the Steering Committee. The facilities selected were responsible for
creating and managing a control pile (CP) with no packaging material, and two test piles with low-
density (LD) and high-density (HD) concentrations, respectively, of compostable packaging
materials which would be added in bulk to operational feedstock at the beginning of the composting
process. Each pile underwent the standard composting procedures and processing duration
typically used at its composting facility, and each test pile was isolated, to prevent contamination
with materials from the other compost piles.

The project team used the following criteria to shortlist and select the two testing facilities:

e Operating conditions: On-site conditions must generally meet the “reasonable range” of
“Favorable Conditions for Composting” in The Composting Handbook (Rynk et al. 2022), as
shown in Table 1.1.

Table 1.1: Favorable Conditions for Composting

Condition Reasonable Range Preferred Range

Moisture content 40-65% 50-60%

Carbon to nitrogen (C:N) ratio 20:1-60:1 25:1-40:1

Oxygen, minimum concentration Greater than 5% Greater than 10%

within the interior pore spaces

Temperature 45-70°C (113-160°F) 50-65°C (120-150°F)

pH 5.5-9.0 6.5-8.0

Particle size 3-50mm(1/82in.) Depends on feedstocks
and use for compost

Bulk density Less than 700 kg/m? (1200 Ibs/yd?) 400-600 kg/m? (700-
1000 Ibs/yd?)

Source: Rynk et al. 2022, The Composting Handbook, Table 3.1.

e Availability: Facilities could confirm availability to participate in pilot by January 2025, for
astart date in February or March 2025.

¢ Sufficient monitoring: The facility could monitor and test piles at a specified frequency,
meeting ASTM guidelines (<www.astm.org>) (e.g., daily temperature at two depths and 5+
locations in each pile, weekly moisture tests, and biweekly oxygen tests).
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Throughput: The quantity of feedstock is sufficient to create at least one dedicated pile in
two to three weeks.

Space: There is sufficient open area for dedicated test piles and the screening process.

Screening equipment: There is a screener available for end-process sifting once the piles
are ready for screening (e.g., trommel screen).

Feedstock: The facility includes food waste and excludes biosolids from its feedstock.
Residence time: The facility produces mature and stable compost within 90 days.

Motivation: The facility is eager to participate in the pilot and contribute to advancing
circular economy.

Some additional preferred criteria are shown below; however, these were not deemed to be
essential.

STA testing: The facility participates in the Seal of Testing Assurance (STA) program for
compost (<https://www.compostingcouncil.org/page/STA-Requirements>).

Screen size: The facility uses a screen with mesh that is less than a half-inch.

Composting technology: The facility uses turned windrow (TW) or aerated static pile (ASP)
composting techniques, which are representative of common small to mid-scale facilities.

Packaging acceptance: The facility does not currently accept certified compostable food
packaging or else is able to build compostable piles that do not include compostable
packaging materials so that the effects of the dosing materials used in the pilot could be
accurately assessed.

Labor: The facility has at least two staff members available onsite for final testing (not
including equipment operators).

Based on the criteria outlined above, the project team selected two separate community-scale
composting facilities in the same region of the US to run the pilot. One facility uses a covered
aerated static pile (CASP) composting system and the other facility uses a turned windrow (TW)
composting system. These composting systems were chosen because they are the most accessible
types of technology, with low capital costs and minimal required equipment. Descriptions of each
technology are further detailed below. Throughout this report the facility using the CASP
composting technology is referred to as Facility 1 and the facility using the TW composting
technology is referred to as Facility 2. Community-scale facilities were chosen rather than larger-
scale composting facilities for several reasons:

Community-scale composting facilities are more accessible compared to larger-scale
composting facilities, which often have advanced equipment and technologies.

Small-scale composting facilities allow for more control over parameters like
contamination.

If composting of packaging materials can be achieved through these basic facility types, then
the more technologically advanced facilities should be able to replicate and scale what
works in the basic systems.
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e The project team also needed to work with facilities capable of isolating pilot piles—
including overs (residuals) and finished compost—without disrupting normal operations,
which proved difficult for in-vessel systems that are typically continuous-flow and compact.

Finding facilities that met all desired parameters was challenging, so the team prioritized those
facilities that could isolate piles and limit or exclude compostable packaging inputs, for scientific
accuracy of comparison of dosed piles with a control pile. For example, in order to amass compost
piles free from pre-existing compostables, Facility 2 adjusted collection routes.

1.5.2 Facility 1. Covered Aerated Static Pile (CASP) Composting

CASP composting involves the controlled aeration of organic materials placed in windrows. The
method involves placing compost piles over a network of perforated pipes that are connected to
fans that supply air to the compost material. The aeration can be continuous or intermittent,
depending on the needs of the compost process, and temperature, moisture, and oxygen levels
within the piles are monitored throughout the process. The piles are covered with a tarp system
that helps them maintain moisture, helps contain the materials, and can also help prevent odor
issues. Other benefits of a CASP composting method include the following (Cambridge Companies
Inc. 2024):

e Efficiency: CASP systems reduce the time required for composting, compared to traditional
methods, as optimal aeration accelerates the decomposition process.

e Scalability: CASP systems can be scaled to accommodate larger volumes of organic waste,
making them suitable for both small- and large-scale composting operations.

e Odor control: CASP composting systems help mitigate odor issues by maintaining aerobic
conditions, which reduce the production of odor-causing compounds.

e Pathogen reduction: The controlled temperature and oxygen levels in CASP composting
systems can help to achieve pathogen reduction, ensuring that the end-product compost is
safe for use in agriculture and landscaping.

e Containment: The CASP composting method involves covering the compost pile, which
protects it from wildlife and weather (winds) that could disrupt the composting process.

Facility 1 Composting Process

Facility 1 took approximately three weeks to collect enough feedstock (food waste) to build a
30-cubic yard (CY) compost pile and typically collects feedstock five days a week for pile building.
For the dosed piles, compostable packaging materials were incorporated into the feedstock each
day that pile building occurred.

Water was added as needed during the pile-building phases for all of Facility 1’s piles. When using
a CASP system, materials are mixed and placed on perforated pipes and air is blown through the
perforated pipes, in lieu of turning the materials, to oxygenate the pile. Once the feedstock was
mixed and placed on the pipes, the piles were covered with a Gore® Cover system, a membrane
cover which is designed to control temperature, moisture, and airflow while minimizing odors,
greenhouse gas emissions, and leachate (Gore n.d.).
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On approximately week four, the piles were flipped and mixed and moved onto an adjacent pipe for
aeration, at which point the process to further reduce pathogens (PFRP) begins. This is the
mesophilic phase of composting, where temperatures accelerate, climbing as high as 160°F. PFRP
is complete in compost piles in the CASP system when temperatures reach greater than 131°F for
a minimum of 3 days (EPA 2013). After approximately two weeks, the piles were flipped and mixed
again and moved to another pipe where they remained for two more weeks. The piles were then
flipped and mixed onto the final pipe for one month of curing. At approximately week 12, the piles
were moved off the aerated pipes and placed in a location to mature before project team members
arrived onsite for the screening and sampling phase. Figure 1.2 shows Facility 1's composting
process.

Figure 1.2: Facility 1’s Composting Process

Daily: Week 1-2/3 Week 3-8 Curing Week 9-13 Maturing Week 14-18
[ 4 Collect food n Flip aqd mix the pi[e onto the + After 1 month when gy g Mature
f_'_ scraps from next pipe for aeration. Cover temperatures are 0.000 compost for at
businesses and qu the pile. PFRP* begins here for approx. 100°F, move —— least 4 weeks.
residences. 14 days. After 14 days the pile the compost to curing. 0:0%0:
is flipped and mixed again onto
the next pipe and left covered
for 14 days, before being
Remove any flipped and mixed for the last Screen the
contaminants, time and left for approximately compost in a
— mix in the 1 month. rotary trommel
= browns/ bulking ()m‘. » | at%inchand
‘L@m 2 agent, add .. handle the overs
) g:}, water, place (Would sample
over the aerated here at
pipes and cover. 3 months).

Repeat this
process until the
pile is 30 cubic
yards.

*PFRP: Process to further reduce pathogens.

1.5.3 Facility 2: Turned Windrow (TW) Composting

Turned windrow composting is a method that involves placing organic waste in windrows and
periodically turning them to maintain proper aeration. This method was chosen for the pilot
because it is accessible to anyone wanting to compost with little technology requirements. The
benefits of a TW composting method include the following:

¢ Enhanced oxygen supply: Periodically turning and mixing the windrows introduces oxygen
to allow organic matter to decompose more efficiently, shortening the compost process.

¢ Improved temperature control: Turning the windrows ensures that all organic material is
exposed to the optimal temperature range for microbial activity throughout the process.

¢ Increased nutrient retention: The turning process helps prevent nutrient loss through
leaching or volatilization, resulting in nutrient-rich compost.
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¢ Reduction of impacts due to odors or leachate: Turning the compost reduces compaction
and helps the soil retain oxygen, preventing anaerobic decomposition that produces
unpleasant odors and leachate.

¢ Accelerated decomposition: The turning process ensures a consistent supply of oxygen,
temperature control, carbon/nitrogen homogenization, and moisture distribution,
accelerating the decomposition of organic matter and reducing the overall compost process
time.

Facility 2 Composting Process:

Facility 2 took between two and three weeks to build its 20-cubic yard test piles. Facility 2 typically
collects feedstock (food waste) twice a week for pile building, and compostable packaging materials
were added to the dosed piles each time that pile building occurred.

Once each pile in Facility 2 was fully built, PFRP was considered to have begun and lasted
approximately three weeks. During this time, Facility 2 turned its piles twice a week to achieve
aeration and mixing. PFRP is complete in compost piles in the TW system when temperatures reach
greater than 131°F for a minimum of 15 days (EPA 2013). Facility 2 does not typically add water to
its piles, as food waste usually contains enough moisture. It also covers the piles with a tarp to help
prevent evaporation, particularly since the facility is in an especially arid climate.

The final phases of Facility 2’s composting process are curing (weeks 6 to 8) and maturing (weeks 9

to 12). Facility 2 continued to turn the piles once per week during the curing phase. Figure 1.3 shows
Facility 2’s composting process.

Figure 1.3: Facility 2’s Composting Process
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*PFRP: Process to further reduce pathogens.

It should be noted that Facility 2 was already accepting compostable material prior to the pilot but
was able to build piles that did not contain any compostable materials other than those added for

the purpose of the pilot.
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1.6 Materials Tested

The pilot study was focused on certified compostable poly-coated paper packaging materials.
Compostable poly-coated paper refers to paper with a layer of a compostable biopolymer instead
of a conventional plastic like polyethylene (PE). Biopolymers such as polylactic acid (PLA) are
designed to biodegrade and break down in a compost system and are often used as a coating on food
service materials, packaging, and in other applications where a moisture or grease barrier is needed.

All compostable packaging materials included in the pilot are third-party certified as compostable
and most are currently readily available on the market. “Certified compostable” indicates that a
product has been independently tested to reach specific compostability standards and is verified to
break down completely in a commercial composting facility without leaving harmful residues.

The project team reached out to known manufacturers of compostable poly-coated paper items to
assess their willingness to provide sample items for inclusion in the pilot. Material test items that
were ultimately included in the pilot were:

e proprietary-composition produce stickers;
e biopolymer paper sandwich wrappers;

e PLA-lined fiber (sugarcane) bowls (400ml);
e PLA-coated paper cups (120z); and

e PLA-double-coated paper cups (120z).

The project team investigated including other certified compostable packaging materials, such as
multi-laminate bags, packaging items with polyhydroxyalkanoate (PHA) coating, and poly-coated
fiber food wrappers; however, those items proved tough to locate, so were not possible to source
within project timelines. It should be noted that the composition of the produce stickers used in this
pilot is not included in this report, as the materials are proprietary to the manufacturer and
disclosing them would compromise patent protection.

2. Methodology and Limitations
2.1 Pilot Methodology

Recent compostable packaging field tests throughout North America have utilized two different
methods, the mesh bag method and the dose method. The dose method was selected for this pilot,
as it uses real-life dosing conditions which place the compostable materials directly into the
feedstock rather than place the materials in mesh bags for composting.

The project team prepared and outlined the dose field-testing method specifically for this pilot,
which is included in Section Appendix 1: Dose Method, in the appendix of this report. The goals of
the methodology were to reflect “real-world” conditions—creating a sample that is representative
of the entire pile, and a process that is manageable and minimally disruptive to operations, in order
to encourage sites to participate in future pilots or field testing.
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The facilities’ methods for incorporating the compostable test materials into their piles were as
follows:

Upon receiving the test materials via mail, each facility prepared them for inclusion in the compost
piles according to the item type. More specifically, the facilities de-nested the cups and bowls, balled
up sandwich wrappers, and removed the produce stickers from their backing. In a real-world
scenario, the compostable packaging materials would be mixed with food residues and might
contain more moisture prior to being added to compost piles. However, the project timeline did not
allow for the mimicking of real-world scenarios, particularly since compostable poly-coated paper
is designed to withstand moisture and food residues, making it difficult to fully mimic its real-world
disposal cycle under controlled pilot conditions.

Items were then dosed into the piles at different dose rates, aiming for an LD pile and an HD pile.
The dose percentages are relative to the size of the entire pile, which is 30 cubic yards for Facility 1
and 20 cubic yards for Facility 2. Table 2.1 and Table 2.2 show the dose quantities for Facility 1's LD
and HD piles, respectively. Table 2.3 and Table 2.4 show the dose quantities for Facility 2’s LD and
HD piles, respectively.

The number of produce stickers sent to Facility 1 was overcalculated by the manufacturer, the
facility receiving approximately 1,500 stickers instead of 599. As aresult, Facility 1 added too many
produce stickers to the LD pile during the first two days of the dosing process. This was corrected
by reducing the number of produce stickers dosed during the nine remaining dosing days for that
pile, so the total quantity dosed stayed at 599 stickers. The dosing quantities for produce stickers
were calculated by dividing the available amount of produce stickers provided by the manufacturer
by the four test piles, based on the desired dose rates and pile sizes.

Dosing for the HD pile at Facility 1 had to be adjusted due to more feedstock coming in than
anticipated, so the 30-cubic yard pile was completed earlier than expected. The project team
determined that the remaining compostable packaging materials should be incorporated into the
completed pile all at once, before the designated start of PFRP.

Table 2.1: Facility 1 Low-Dose Pile Dosing Quantities

Compostable Total Quantity Number of Dose Days Total Quantity Dosed
Packaging Material per Dose Day
Produce Sticker 599 11 133, for 2 days

37, for 9 days

Biopolymer Paper 195 15 13
Sandwich Wrappers
PLA-lined Fiber 1,905 15 127

(Sugarcane) Bowls

PLA-coated Paper Cup 1,800 15 120

11
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Compostable
Packaging Material

Total Quantity

Number of Dose Days

Total Quantity Dosed
per Dose Day

PLA-double-coated
Paper Cup

1,170

10

117

Table 2.2: Facility 1 High-Dose Pile Dosing Quantities

Compostable

Total Quantity

Number of Dose Days

Total Quantity Dosed

Paper Cup

Packaging Material per Dose Day
Produce Sticker 1,185 15 79
Biopolymer Paper 400 15 26
Sandwich Wrappers
PLA-lined Fiber 3,780 15 252
(Sugarcane) Bowls
PLA-coated Paper Cup 3,585 15 239
PLA-double-coated 4,065 15 271

Table 2.3: Facility 2 Low-Dose Pile Dosing Quantities

Compostable

Total Quantity

Number of Dose Days

Total Quantity Dosed

Paper Cup

Packaging Material per Dose Day
Produce Sticker 400 3 132
Biopolymer Paper 132 6 22
Sandwich Wrappers
PLA-lined Fiber 1,265 6 210
(Sugarcane) Bowls
PLA-coated Paper Cup 1,198 6 199
PLA-double-coated 1,198 399

Table 2.4: Facility 2 High-Dose Pile Dosing Quantities

Compostable

Total Quantity

Number of Dose Days

Total Quantity Dosed

Packaging Material per Dose Day
Produce Sticker 1,185 15 79
Biopolymer Paper 400 15 26
Sandwich Wrappers
PLA-lined Fiber 3,780 15 252
(Sugarcane) Bowls
PLA-coated Paper Cup 3,585 15 239
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Compostable Total Quantity Number of Dose Days Total Quantity Dosed
Packaging Material per Dose Day
PLA-double-coated 4,065 15 271
Paper Cup

The achieved dose rates for each pile at both facilities based on the dosing quantities shown in Table
2.1, Table 2.2, Table 2.3, and Table 2.4 are shown in Table 2.5. These were calculated based on pile
volume and volumes of crushed compostable packaging material. The equation for this calculation

is shown below:

Dose Rate = Volume of Material Dosed (CY) + Total Volume of Compost Pile (CY)

Volume of Material Dosed = Volume of Crushed Compostable Packaging Material (CY) X
Number of Units of Compostable Packaging Material added to Compost Pile (Units)

Pile volumes include feedstocks (food scraps/green waste) and bulking materials (wood chips).

Table 2.5: Volume-based Dose Rates for Low-Dose and High-Dose Piles at Facility 1 and

Facility 2 (%)

Dose Level Facility 1 (%) Facility 2 (%)
Low Dose 6.8 58
High Dose 114 11.6

211 Development of Dose Method

A key component of the pilot was the development and application of the dose methodology for
field testing compostable packaging materials. The methodology was designed in response to the
recommendations from the Closed Loop Partners study published as Breaking it Down: The Realities
of Compostable Packaging Disintegration in Composting Systems (CLP 2024), which advised against
using the mesh-bag method because it does not reflect real-world composting conditions. Unlike
with mesh bags, the dose methodology evaluates material degradation when the packaging is
incorporated directly into compost piles, which provides a more realistic assessment of
disintegration, as it more accurately represents real-world composting operations. As previously
mentioned, the selection of small, community-scale facilities was driven by the initial assumption
that the team could use the entire pile as the sample, including overs. In practice, even these smaller
piles proved too large to manage in full, leading the team to adopt a sub-sampling approach. This
process revealed several important insights:

¢ Sampling entire piles is often impractical for field testing.

e Wet weights and debris attached to materials require correction factors, to accurately
estimate disintegration.

e Field measurements may report 0% disintegration when actual degradation has occurred,
highlighting the inherent challenges of measuring compostable material breakdown.

13
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These findings underscore the value of the dose methodology in capturing more-realistic
degradation patterns while acknowledging the practical limitations and uncertainties inherent in
field-based testing. Further details and results of the dose methodology are included in the
Appendix (Appendix 1: Dose Method).

212 Variability in Test Sites
The variability in test sites for Facility 1 and Facility 2 is outlined in Table 2.6:

Table 2.6: Test Site Variability

Variable Facility 1 Facility 2

Composting method Aerated Static Pile Turned Windrow

Test pile size 30 cubic yards 20 cubic yards

Usual material intake Food and yard waste only Food and yard waste and
compostable packaging
materials

Time to build pile ~3 weeks ~2 weeks

Number of days/week feedstock | 5 3

was added to piles (i.e., number

of days/week pile is dosed)

Climate conditions Site more protected from winds Site less protected from winds
and ~2,000 ft. higher in
elevation

2.2 Pilot Limitations

While this pilot provides valuable insights into the effects of compostable packaging materials on
compost quality and facility operations, under real-world composting conditions, some limitations
should be acknowledged. These are outlined below:

¢ Limited Number of Facilities and Test Piles: Only two facilities participated in the pilot, and
both were in the same arid region in the US. Each facility built three test piles. This restricts
the generalizability of the findings, as results may vary in different climates.

e Composting Systems: The two composting systems tested (CASP and TW) are similar and
results may not reflect how compostable packaging material may perform in other systems,
such as in-vessel composting systems.

e Preparation of Materials: The compostable packaging materials were received clean before
being added to the compost piles. In real-world conditions, packaging may be soiled with
food residues and moisture, which could affect breakdown rates and operational challenges.

e Availability of Materials: The project team was limited to using compostable packaging
materials that were readily available. No PHA poly-coated compostable packaging
materials were sourced, as the project team could not identify a manufacturer that had a
readily available supply of materials.
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3.
3.

Short Timeframe, and Seasonality: The pilot occurred over one cycle without replication
across multiple seasons. Weather conditions such as temperature, humidity, and
precipitation were not fully reported, which limits the understanding of seasonal variability
in composting outcomes.

Testing for Biological and Physical Properties: The laboratory analysis requested from
each facility for pilot purposes is the suite of analyses required through the US Composting
Council's (UCC’s) Seal of Testing Assurance (STA) Program. However, Facility 2
inadvertently ordered a less comprehensive suite of tests that did not include biological
properties and some physical properties, like micro-plastics analyses. Since Facility 1’s
results from biological testing were significant, a pilot limitation is that these tests were not
performed at Facility 2. Additionally, the Compost Research and Education Foundation
(CREF) is planning to update the Test Methods for the Examination of Composting and
Compost (TMECC) for testing for the presence of film plastics in compost, as there have
been significant changes in technology and the scientific understanding of compost since
the current testing methods were introduced (CREF 2025).

PFAS Testing: Testing for PFAS in compost is still emerging. It is challenging because the
sample amount tested per EPA’s analytical method is only 5 grams and compost is inherently
not homogenous. CREF plans to update the TMECC for testing for the presence of PFAS in
compost, as there have been significant changes in technology and the scientific
understanding of compost since the current test methods were introduced. Facilities were
provided a video created by CREF detailing how they should subsample the compost to
ensure the sample was representative of the entire pile. (CREF 2025.)

Low Moisture: All three of Facility 2’s piles experience low moisture levels throughout the
pilot despite the facility selection criteria requirement for compost piles to typically have
moisture levels between 40% and 65%. This facility typically does operate within these
moisture ranges, but exceptionally dry weather conditions experienced throughout the
pilot affected the moisture levels.

Shredding: Compostable packaging materials were not shredded prior to composting.
While shredding might have increased the rate of disintegration, it was intentionally
excluded from the pilot to reflect real-world conditions. In addition, shredding introduces
additional environmental impacts through increased energy use and equipment operation
and is less accessible for many community and mid-scale composting facilities.

Key Findings
Impacts on Compost Quality

To analyze and understand the impact of the compostable test materials on compost quality,
samples from all three compost piles at both facilities were tested for chemical properties. Facility
1 also tested its LD and HD piles’ biological properties for the presence of pathogens. The results
from each of these tests are presented below.
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311 Chemical Properties

PFAS was sampled and tested separately from other chemical properties and was only tested in the
finished compost. Other chemical properties were tested in the finished compost as well as the
feedstock.

To test for PFAS in the finished compost, samples were taken from each pile at both facilities when
the piles had completed their full composting process and had been screened. Samples were placed
in PFAS sampling bottle kits provided to facilities by Eurofins Scientific and were returned to
Eurofins’ lab for testing. Eurofins Scientific tested the samples for PFAS using the US EPA’s Method
1633A for the Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Aqueous, Solid, Biosolids,
and Tissue Samples by Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) (EPA
2024).

Compost samples were taken from each pile at both facilities when the piles had completed the full
composting process and had been screened, and feedstock samples were taken from each pile at
both facilities when the piles were completely built. While neither site routinely takes feedstock
samples, the methodology is identical to finished-compost sampling, which both sites do quarterly
or annually at a minimum. Samples were sent to Midwest Laboratories Inc. for analysis of moisture
content, pH, nutrients, and carbon and nitrogen concentrations. Feedstock sampling took place to
account for pre-composting concentrations and properties and as a comparison to the finished
compost.

PFAS

The US EPA has Regional Screening Levels (RSLs) (EPA n.d.) for several PFAS compounds in both
residential and industrial soil. Some states in the US, such as Hawaii (Hawai‘i Department of Health
2020) and Texas (TCEQ 2025), also provide guideline levels for PFAS in soil. Guideline levels differ
for each state. Similarly in Canada, Health Canada (HC) and the Canadian Council of Ministers of
the Environment (CCME) provide guideline levels for PFAS compounds in soil (ITRC 2023). Some
provinces, such as Alberta (Gov. of Alberta 2022) and British Columbia (Hains and Richards 2023),
also provide guideline levels for PFAS compounds in soil. The Interstate Technology Regulatory
Council (ITRC) has a PFAS technical and regulatory guidance document (ITRC 2023) which shows
guidance levels for various PFAS in both soil and water in the US and Canada, as well as in other
countries. It should be noted that PFAS are becoming increasingly recognized as an environmental
and public health concern due to their persistence, and therefore standards for PFAS in soil and
compost are evolving rapidly as new research emerges.

All four dosed compost piles were tested for over 40 PFAS compounds, with only
perfluoropentanesulfonice acid (PFPeS) and perfluoropentanoic acid (PFPeA) showing any
measurable presence, at Facility 1, and perfluorobutanoic acid (PFBA) and perfluorooctanoic acid
(PFOA) showing measurable presence at Facility 2.

PFAS was detected in all three piles at Facility 1. PFPeS was detected at 0.32 pg/kg in Facility 1’s
CP; however, PFPeS was not detected in the facility’s LD or HD piles. PFPeS is a perfluoroalkyl
sulfonic acid and there are no official federal US or Canadian soil or compost quality guidelines
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specifically for it. Hawaii has PFPeS soil regulatory guidance for residential soil (Hawai'i
Department of Health 2020); however, the amounts detected in Facility 1's CP are significantly
lower than the threshold. No provinces or regions in Canada have PFAS guidelines specifically for
PFPeS. As PFPeS was only detected in Facility 1's CP, it can be concluded that this finding is not a
result of the compostable packaging materials, and as the detected amount is significantly lower
than available guidance limits, its presence was not investigated any further.

Perfluoropentanoic acid (PFPeA) was detected at 1.80 pg/kg in Facility 1’s CP, at 3.10 pg/kg in its
LD pile, and at 1.80 pg/kg in its HD pile. PFPeA is a perfluoroalkyl carboxylic acid and there are no
official EPA or Canadian soil or compost quality guidelines specifically for it. Two US States, Hawaii
(Hawai‘i Department of Health 2020), and Texas (TCEQ 2025), have PFPeA regulatory guidance for
concentrations of PFPeA in residential soil; however, the amounts detected in Facility 1's piles are
significantly lower than both states’ thresholds. No provinces or regions in Canada have PFAS
guidelines specifically for PFPeA; however, Health Canada provides some guidelines for PFPeA in
soil (ITRC 2023). The highest amounts of PFPeA were detected in Facility 1’s LD pile, therefore it is
possible that this could be a result of the compostable packaging materials. However, as the
amounts detected in its CP and HD piles are the same, it is unlikely the elevated concentration in
the LD pile is connected to the compostable materials. As there are no available guidance limits for
the presence of PFPeA in soil, this was not further investigated.

Figure 3.1 shows the amount of PFAS compounds (PFPeS and PFPeA) detected in all three piles at
Facility 1, and any available guideline limits for the detected amounts.
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Figure 3.1: PFAS Detected in Facility 1's Control, Low-Dose and High-Dose Piles, and Available
Guidance Limits

PFAS were detected in Facility 2’s CP and HD pile. Perfluorobutanoic acid (PFBA) was detected at
1.20 pg/kg in Facility 2's HD pile, but was not detected in the facility’s CP or LD pile. PFBA is
included in the EPA’s RSLs guidelines and in HC guidelines; however, the amount detected in
Facility 2’s HD pile is significantly lower that these guideline limits, which are shown in Figure 3.2.
As PFBA was only detected in Facility 2’s HD pile, it is possible that this is a result of the
compostable packaging materials. As the detected amount is significantly lower than available
guidelines, this was not investigated further.

Perfluorooctanoic Acid (PFOA) was detected in Facility 2’s CP at 0.51 pg/kg, and at 0.38 ug/kg in
the HD pile. It was not detected in Facility 2’ LD pile. The amounts detected in the CP and HD pile
are significantly lower than HC's guideline limits, but in both piles they are greater than the EPA’s
Regional Screening Level Direct Contact limit of 0.2 pg/kg. As the detected amount of PFOA is
highest in the CP, it is not likely that these detections are a result of the compostable packaging
materials, but further investigation would be needed to determine their exact cause.

Figure 3.2 shows the amount of PFAS (PFBA and PFOA) detected in all three piles at Facility 2, and
any available guideline limits for the detected amounts.
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Figure 3.2: PFAS Detected in Facility 2’s Control, Low-Dose, and High-Dose Piles, and Available
Guidance Limits

Moisture
Figure 3.3 shows the moisture content of the finished compost of each pile at Facility 1 and Facility
2, against the desirable moisture content range for finished compost.

Facility 1’s CP had the highest moisture content, at 51%, followed by the LD pile, at 47%, and the
HD pile, at 43%. As shown in Figure 3.3, moisture levels drop slightly between the CP, LD pile, and
HD pile, which could indicate that the compostable packaging materials account for reduced
moisture in compost. Still, both the LD and HD piles show a desirable moisture level for finished
compost.

Facility 2’s HD pile had the highest moisture content, at 10%, followed by its CP, at 9%, and its LD
pile, at 7%. Facility 2’s piles experienced low moisture levels (below the desirable range for finished
compost) throughout the composting process. As these low moisture levels were present in all three
of Facility 2's compost piles and not just the dosed piles, it can be concluded that the compostable
packaging materials did not affect the finished compost. Moisture levels in Facility 2’s piles were
low because the facility does not typically water its piles and there was less rainfall than usual
throughout the pilot. Facility 2 added water to its piles when it was noticed that the levels were so
low; however, adding moisture to piles is typically more difficult later in the composting process.
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Figure 3.3: Finished Compost Moisture Content for Facility 1 and Facility 2’s Control, Low-Dose,
and High-Dose Piles
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Figure 3.4 shows the feedstock moisture content of each pile at Facility 1 and Facility 2, compared
to the ideal moisture content range for feedstock. Facility 1's LD and HD piles both had feedstock
moisture contents above the optimal range for rapid composting (50-60%), though still within the
acceptable range. Facility 1's HD pile had the highest moisture content, at 63%, followed by the LD
pile, at 61%, and the CP, at 60%. Facility 2’s LD and HD piles both had feedstock moisture contents
below the optimal range for rapid composting (34% and 44%, respectively). The HD pile’s feedstock
moisture content was within the acceptable range; however, the LD pile’s moisture content of 34%
was below the acceptable range.

Comparing Facility 1's feedstock moisture content (which was highest in the HD pile, followed by
the LD pile, and lowest in the CP) to the finished compost moisture content (which was highest in
the CP, followed by the LD pile, and lowest in the HD pile) could suggest that the inclusion of
compostable products had a negative impact on moisture. This trend is not seen at Facility 2, but
Facility 2 did not consistently add water during the composting process, while Facility 1 did.

20




Pilot-scale Composting of Certified Compostable Poly-coated Fiber Food Packaging

Figure 3.4: Feedstock Moisture Content for Facility 1 and Facility 2’s Control, Low-Dose, and
High-Dose Piles
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pH

Figure 3.5 shows the pH levels of the finished compost for each pile at Facility 1 and Facility 2. All
piles at Facility 1 show a pH level between 8.1 and 8.5, indicating that all three piles are slightly
alkaline. There is little variance in the pH levels of all three piles at Facility 1 and the pH is highest in
the CP, which indicates that the compostable packaging materials likely did not have a measurable
effect on the pH of the compost. Similarly, all piles at Facility 2 show slightly alkaline pH levels,
between 7.7 and 8.4. Little variance in the pH levels of all three piles at Facility 2 indicates that the
compostable test items did not have a measurable effect on the compost pH.
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Figure 3.5: Finished Compost pH Levels for Facility 1 and Facility 2’s Control, Low-Dose, and
High-Dose Piles
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Figure 3.6 shows feedstock pH levels for each pile at Facility 1 and Facility 2. All piles at Facility 1
show a pH level of between 7.2 and 8.0, indicating that all three piles are slightly basic. There is little
variance in the pH levels in all three of Facility 1's piles, which suggests that the compostable test
items did not have a measurable effect on the feedstock pH.

Similarly, all piles at Facility 2 show a pH level of between 7.5 and 7.8, indicating that all three piles
are slightly basic. There is little variance in the pH levels in all three of Facility 2’s piles, which
suggests that the compostable test items did not have a measurable effect on the feedstock pH.
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Figure 3.6: Feedstock pH Levels for Facility 1 and Facility 2’s Control, Low-Dose, and High-Dose
Piles
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Nutrient Index

Table 3.1 shows the soil types and usages for finished compost, with varying nutrient indices, and Source:
Midwest Laboratories (2025), Compost Result Interpretations.

Table 3.2 shows the nutrient indices for all piles at both Facility 1 and Facility 2.

As shown in Source: Midwest Laboratories (2025), Compost Result Interpretations.

Table 3.2, Facility 1's CP and HD pile had nutrient indices of 7.0 and 8.6, respectively, indicating that
the compost in both piles was rich in nutrients and did not have high concentrations of sodium. This
type of compost is best used on soils with poor drainage, poor water quality, or high salt content.
Facility 1's LD pile had a nutrient index greater than 10, which indicates that the compost is suitable
for use on all soil types. As the nutrient indices for all of Facility 1's piles were favorable and the
variance between the control, LD, and HD piles is low, it is unlikely that the compostable packaging
materials had a measurable effect on the nutrient indices of the finished compost.

As shown in Source: Midwest Laboratories (2025), Compost Result Interpretations.

Table 3.2, Facility 2’s control, LD, and HD piles had nutrient indices of 1.4, 2.0, and 1.7, respectively,
which indicates that the finished compost of all three piles had high sodium concentrations. This
may be linked to the low moisture levels of these piles, as moisture is a key for moving substances
throughout compost piles and makes nutrients in organic matter available to microbes (EPA 2016).
Since there is little variance between the nutrient indices of the control, LD, and HD piles at Facility
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2, it is unlikely that the compostable packaging materials had a measurable effect on the nutrient
indices of the finished compost.

Table 3.1: Soil Types that Compost of Varying Nutrient Indices Should be Used on

Nutrient Index Range Soil Use
1 Salt injury possible
2-5 Use on soils with excellent drainage characteristics, good water
quality and low salts
6-10 You may use on soils with poor drainage, poor water quality, or high
salts
>10 For all soils

Source: Midwest Laboratories (2025), Compost Result Interpretations.

Table 3.2: Finished Compost Nutrient Indices for Facility 1 and Facility 2’s Control, Low-Dose,
and High-Dose Piles

Pile Facility 1 Facility 2
CP 7.0 14
LD >10 20
HD 8.6 17

Carbon-to-Nitrogen (C:N) Ratio
Table 3.3 shows the finished compost and feedstock C:N ratio for each pile at both facilities.

The ideal C:N ratio for finished compost is between 10:1 and 20:1 (Midwest Laboratories 2025).
Compost with a high C:N ratio (too much carbon) decomposes more slowly, while a low C:N ratio
(too much nitrogen) can make the pile harder to manage. The C:N ratios for the finished compost
range between 13:1 and 20:1 at Facility 1 and between 15:1 and 18:1 for Facility 2, both within the
ideal range for finished compost.

The optimal feedstock C:N ratio for rapid composting is between 25:1 and 40:1, with an acceptable
range of between 20:1 and 60:1 (Midwest Laboratories 2025). Facility 1's feedstock C:N ratios
range between 18:1 and 20:1, all outside the optimal range for rapid composting. Facility 1's LD and
HD piles are within the acceptable C:N ratio range; however, their CP is outside this range. All three
of Facility 2’s piles are within the acceptable C:N ratio range for feedstock and its CP and HD pile
are within the optimal range for rapid composting.

Table 3.3: Finished Compost and Feedstock C:N Ratios for Facility 1 and Facility 2’s Control,
Low-Dose, and High-Dose Piles

Facility

CP

LD

Facility 1 - Finished Compost

13:1

13:1
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Facility CP LD HD
Facility 2 - Finished Compost 18:1 15:1 18:1
Facility 1 - Feedstock 18:1 20:1 20:1
Facility 2 - Feedstock 33:1 20:1 32:1
Organic Matter

Table 3.4 shows the organic matter content of the finished compost in all three piles at both
facilities. Organic matter amounts of greater than 20%, on a dry weight basis, is a desirable amount
for finished compost (Midwest Laboratories 2025).

The organic matter content of the finished compost from Facility 1 ranged from 68% to 77%, and
from 12% to 29% for Facility 2. The CP at Facility 2 had an organic matter content of 12%, which is
below the desirable amount. However, its LD and HD piles both had organic content amounts
greater than 20%, suggesting that the compostable packaging materials did not have an impact on
the organic matter content in the finished compost.

Table 3.4: Finished Compost Organic Matter Content (%) for Facility 1 and Facility 2’s Control,
Low-Dose, and High-Dose Piles, on a Dry Weight Basis

Facility Control Pile (%) Low-Dose Pile (%) High-Dose Pile (%)
Facility 1 77 68 72
Facility 2 12 22 29

3.1.2 Biological and Physical Properties

As previously mentioned, biological and physical properties were only tested and analyzed for
Facility 1's piles.

Notable results from these tests include that both fecal coliform and salmonella in the compost
were over detection limits—0.20 most probable number /gram (mpn/g) and 1.2 mpn/4g,
respectively. Fecal coliform bacteria are a subgroup of coliform bacteria that typically originate
from the intestines of warm-blooded animals. Salmonella are bacteria that are typically found in the
gut of animals, most commonly poultry, and can cause different types of infections.

Figure 3.7 shows the concentration of fecal coliform that was found in each of Facility 1’s compost
piles. All three compost piles had fecal coliform amounts significantly greater than the detection
limit (0.20 mpn/g in compost). The highest amount of fecal coliform (326,966 mpn/g) was found in
Facility 1's CP, followed by the LD pile (303,642 mpn/g), and the HD pile (280,754 mpn/g). As the
presence of fecal coliform is highest in Facility 1’s CP and we see a downward trend in the presence
of fecal coliform as the dosage in piles increase, it is unlikely that the presence of fecal coliform in
any of Facility 1’s piles is a result of the compostable packaging materials but it should be noted that
the levels detected are significantly higher than Facility 1 has seen in previous testing. Further
investigation would be required to fully understand why these detected amounts as so high.
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Figure 3.7: Fecal Coliform Presence in Facility 1's Control, Low-Dose, and High-Dose Piles

Figure 3.8 shows the amount of salmonella that was found in each of Facility 1’s compost piles. All
three compost piles had salmonella concentration greater than the detection limit (1.2 mpn/4g in
compost). The highest amount of salmonella (52 mpn/4g) was found in Facility 1's HD pile, followed
by the LD pile (3 mpn/4g), and the CP (<1.2 mpn/4g). As a note, the facility has never before seen
salmonella over the detection limit in any of its piles. Since the presence of salmonellain Facility 1’s
piles increased as the compostable test item dosage amounts increased, it is possible that the
compostable test items played a part in harboring salmonella in Facility 1's HD and LD piles. There
are a number of other factors that could potentially explain the presence of salmonella, such as the
feedstock used by the facility operator, which is variable by nature, and further investigation would
be required to determine the exact cause of this finding.
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Figure 3.8: Salmonella Presence in Facility 1's Control, Low-Dose, and High-Dose Piles

Testing for physical properties at Facility 1 included for the presence of microplastics (film and hard
plastics) and other contamination such as metal and glass fragments and sharps within the finished
compost. These tests were conducted at Midwest Laboratories, under the guidelines of the TMECC,
and involved digital scanning and image processing to quantify the relative surface area of film
plastics per unit volume of compost (USCC 2002). Compostable packaging materials such as those
used in the pilot are intended to decompose in composting systems, but some studies have shown
that these materials often fragment into microplastics rather than fully degrade. The presence of
microplastics in compost can have adverse effects on the soil the compost is used on, and studies
have shown that microplastics can reduce root biomass and alter plant physiological processes,
which can lead to decreased plant productivity (Hasan 2025).No microplastics or other
contaminants mentioned were detected in any samples from Facility 1's piles.

3.2 Impacts on Facility Operations

In addition to understanding the physical and chemical impacts of certified compostable poly-
coated fiber food packaging on the finished product, this pilot aimed to assess operational
challenges for the facility operators. Ultimately, the findings from this pilot can help composting
facilities consider whether to increase their acceptance of certified compostable packaging
materials. Frequently cited operational impacts experienced by both facilities throughout the pilot
are detailed below:
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Staff Impact and Onsite Conditions:

e Both facility operators in the pilot mentioned that there was additional labor needed,
specifically by staff to track down and re-integrate items that had blown away or otherwise
exited the pile. Both facilities mentioned that
the compostable packaging materials tended to
work their way to the outside of the piles
throughout the compost process. Figure 3.9
shows this for Facility 1. Facility staff addressed
this problem by retrieving and raking up the
escaped test products and mixing them back
into the pile. This problem might be a larger
issue during the pilot test, as the materials were
relatively unsoiled and therefore lighter
compared to materials that have previously !
been used to hold food or beverage and are =%
stored with food waste prior to composting. ™
Pre-shredding the compostable packaging materials might create different conditions
which could change the impacts we saw here; however, pre-shredding the compostable
packaging materials would also require additional labor.

Figure 3.9: Example of Compostable
Packaging Materials Gathering at the
Outside of Facility 1’s HD Pile

e Facility 2 also noted additional labor needed to add water to the piles due to dryness.
Dryness could be a result of several factors, such as dry weather, smaller pile sizes, and/or
the addition of compostable products.

Measured temperatures were lower than ideal at times in some piles at both facilities. For Facility
2,thiswas likely due to dryness. For Facility 1, this was determined to be due to a faulty temperature
probe, as immediately upon probe replacement, the measured temperatures were within the ideal
range.

Technical Challenges/Limitations:
e Facility 1 had inconsistent oxygen readings throughout the pilot. This was because of a
temperamental oxygen probe; however, the facility ensured that it took enough readings to
help stabilize the probe and get an average reading that was deemed reliable.

e Facility 2 had to delay the building of its CP due to the late arrival of test products.

e The dosing rates of the LD piles of both facilities also had to be adjusted a few times on
account of the late arrival of test products.

e Facility 1's HD pile was built faster than the facility had expected. The facility mentioned
that this was because of the onboarding of new commercial customers in April; however,
the facility was still able to integrate all the test materials into the pile while keeping the pile
size at approximately 30 cubic yards.
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Perceptions from Facility Operators throughout the Compost Process:

Throughout the pilot, both facility operators were asked to provide comments on their perceptions
of how much compostable packaging materials were being added to their piles. The dose rates were
almost the same for both sites; however:

e Facility 1 found the concentration of compostable packaging materials to be excessive in
the HD pile, while

e Facility 2 found the concentration normal in both piles.

These findings seemingly align with the fact that Facility 2 had been accepting compostable
materials prior to the pilot, while Facility 1 had not.

Under normal facility operations, the input of compostable packaging materials is uncontrolled, and
facility operators use a visual assessment, such as shown in Figure 3.10, to judge the quantity of
materials in their compost piles. This type of visual assessment is also commonly used for other
uncontrolled inputs such as contamination, and adjusting inputs based on visual assessment helps
guide composters to build successful piles. As compostable packaging materials are a relatively new
input in composting, it is not known how an operators’ visual assessment compares with the amount
of compostable packaging materials actually added to a pile, nor how that assessment changes as
the material is composted.

Throughout the compost pilot, facility operators were asked to perform visual assessments to
connect visual loading with the reproducible measurements of actual compostable packaging
materials added to the piles. Facility operators monitored this by comparing the visual appearance
of their piles to the images show in Figure 3.10, noting which image most closely resembled the
amount of compostable packaging materials visible in each pile. The red marks in Figure 3.10
represent the compostable packaging materials, while the brown represents the rest of the
compost pile.
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Figure 3.10: Visualization Rankings of Dosing
A . D.
B . E.
C . F.

Note: Red = compostable packaging materials; brown = the rest of the compost pile
(Images created by the Eunomia project team).

Each image from A to F shown in Figure 3.10 represents a volume-based dose rate ranging from
2.5% in box A to 40% in box F. Table 3.5 shows the dose rate that each image represents and Table
3.6 and Table 3.7 show the facilities’ perceptions of which image most closely represented the
amount of compostable packaging material visible in each pile, against the actual dose rate. Facility
1’s perceptions of the amount of compostable packaging material dosed in both its piles after their
final turn was close to the actual dose rates of them, while Facility 2 perceived its LD pile to have a
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higher amount of compostables packaging materials than there was actually dosed, based on the
crushed-volume dose rates.

Table 3.5: Dose Rates of Images Represented in Figure 3.10

Image Letter

Dose Rate (%)

A

25

5

10

20

30

MmO O|®

40

Table 3.6: Facility 1's Dosing Visualization Comparisons and Actual Dose Rates

Stage LD Concentration (%) HD Concentration (%)
After Dosing D=20 F =40
After 1st Turn D=20 F=40
After 2nd Turn C=10 E=30
After 3rd Turn B=5 C=10
After Final Turn A/B=25-5 Cc=10
Actual Dose Rate (Crushed Volume) 6.8 11.4

Table 3.7: Facility 2's Dosing Visualization Comparisons and Actual Dose Rates

Stage LD Concentration (%) HD Concentration (%)
After Dosing E=30 E=30
After PFRP D=20 D=20
Pre-Screening C=10 C=10
Actual Dose Rate (Crushed Volume) 5.8 11.6

Perceptions from Facility Operators on Finished Compost Quality:

Both facility operators were asked to comment on their view of the compost quality at the end of
the pilot once the compost piles had been screened. The operator at Facility 1 said that they could
tell that the LD pile contained compostable packaging materials and that it was easy to distinguish
the compostable packaging materials from the rest of the compost pile prior to screening. However,
they also mentioned that the finished compost looked good and that there were no noticeable
fragments of compostable packaging materials. This facility operator said that the compostable
packaging materials in the HD pile looked like a lot of trash and that they would never allow this
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much material to be dosed at their site. They also mentioned that they could see pieces of

compostable packaging materials in the HD pile after it had been screened. Figure 3.11 shows
Facility 1’s LD and HD piles at the end of the compost process, prior to screening.

Figure 3.11: Facility 1's LD Pile (left) and HD Pile (right) on Screening Day, Prior to Screening

The facility operator at Facility 2 mentioned that the food waste in the LD pile was fully composted,
but that slightly less disintegration of the compostable packaging materials than usual could be
seen. It was suggested that this was possibly due to the low moisture levels the pile experienced.
Some support for this reasoning is provided in a Closed Loop Partners study, Breaking it Down: The
Realities of Compostable Packaging Disintegration in Composting Systems (CLP 2024), which notes that
weekly moisture levels above 50% saw greater disintegration of fiber packaging and products. The
same comments were made by the facility operator about the HD pile, however, even though this
pile had more moisture than the LD pile. Figure 3.12 shows Facility 2’s LD and HD piles at the end
of the compost process prior to screening.

Figure 3.12: Facility 2’s LD Pile (left) and HD Pile (right) on Screening Day, Prior to Screening

Cost Impacts on Facility Operators:

Incorporating compostable packaging materials into composting operations introduces additional
operational costs, though these costs are often difficult for facilities to quantify precisely. Feedback
from Facility 2 indicated that the most measurable impact is labor-associated with collecting
materials that blow out of the pile, which was roughly estimated at one hour of labor per 10 cubic
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yards of compostable packaging added. Facility 1 emphasized the added labor burden more
strongly, estimating that adding compostables to the operations roughly doubled the processing
and management times: 40 hours were added to the typical 35-hour processing and management
times over a 16-week processing period. At Facility 1, the extra time was blamed primarily on having
to pick out litter daily and screen out compostables. Handling lightweight materials during mixing
was also a factor. In addition, as total volume increases, time and cost go up in direct correlation
with the quantity of compostables and material. Other factors, such as the condition of incoming
feedstock (bagged, loose, or mixed with food waste) and environmental conditions, can influence
labor requirements and these are variable.

The two facilities’ differing perspectives on labor impacts likely reflect their operational demands
and priorities. Facility 1 places a large emphasis on compost quality and product consistency,
viewing as a significant financial burden the additional labor needed to preserve the aesthetic value
of its compost, which is sold at a premium price point in order to support such a small-scale
operation. In contrast, Facility 2 prioritizes serving the requests of its community, which has
embraced compostable packaging material, and thus, Facility 2 is more accepting of the extra
handling demands. Both facilities see a high demand for their finished product and manage to sell it
all. It isworth noting that Facility 2 has been compensated by the manufacturers of the compostable
materials it accepts, while Facility 1 has to date chosen not to take that path. These differences
suggest that the perceived impact of added labor is largely a function of facility objectives and
approaches. Therefore, decisions around incorporating compostable packaging materials are best
made in coordination with facilities, rather than imposed externally.

Overall, there is a labor burden associated with handling compostable packaging. The financial
impact of this can vary greatly among facilities. At larger, industrial-scale composting operations,
these costs could scale differently, depending on pile size, equipment, and automated handling
capabilities, and larger facilities may also have more resources to absorb these incremental labor
needs.

3.3 Disintegration Results

Disintegration rates were calculated using a weight-based disintegration calculation which is
outlined in Appendix 1: Dose Method. This calculation compares the final wet weight of the
compostable packaging materials with their initial wet weight. The calculation is done on a per-item
basis, taking the average final wet weight of compostable packaging materials and comparing this
to their initial wet weight prior to composting. Initial wet weight was calculated by saturating the
compostable packaging materials with water and allowing them to dry before weighing them. Wet
weight was used as opposed to dry weight, as measuring on a wet-weight basis reflects what
happens in the compost pile and provides a more real-world analysis.

It should be noted that the weights used for these disintegration rates are based on samples taken
from each pile. Between 3% and 5% of each of the compost piles was sampled.
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Table 3.8 shows the disintegration rates for each compostable packaging material in each compost
test pile at both facilities, and these results are summarized below:

e Proprietary Composition Produce Sticker: Produce stickers were difficult to identify when
sorting through the sampled compost, suggesting that almost all of the stickers added had
disintegrated. Their disintegration rates across all piles was 100%.

e Biopolymer Paper Sandwich Wrappers: Small pieces and fragments of the sandwich
wrappers were identified in samples taken from the compost test piles, with the most being
identified in Facility 2’s LD pile. Their calculated disintegration rates ranged from 83%
to 95%.

e PLA-lined Fiber (Sugarcane) Bowls: The PLA-lined fiber bowls showed variable
disintegration across all compost test piles. Facility 1's LD pile had a disintegration rate of
~96% while its HD pile saw a disintegration rate of only ~86%. Facility 2 also saw adrop in
disintegration rates between its HD and LD piles (~80% in the HD pile to ~62% in the LD
pile), which is likely as a result of the low moisture levels seen in its LD pile and in the case
for all compostable packaging material types.

e PLA-coated Paper Cup: The PLA-coated paper cups also showed variable disintegration
across all compost test piles. Facility 1's LD pile had a disintegration rate of ~95% while its
HD pile saw a disintegration rate of only ~84%. This suggests that an increased quantity of
compostable packaging materials negatively influenced the disintegration rates of these
products, similarly to the PLA-lined fiber bowls. However, Facility 2's LD pile showed
disintegration rates of approximately 65% and its HD pile showed disintegration rates of
approximately 88%.

¢ PLA-double-coated Paper Cup: The PLA-double-coated paper cups also showed variable
disintegration across all compost test piles. Facility 1's LD pile had a disintegration rate of
~77% while its HD pile saw a disintegration rate of 73%, which suggests that an increased
quantity of compostable packaging materials negatively influenced the disintegration rates
of these products. Facility 2's LD piles showed disintegration rates of ~51% while its HD
piles both showed disintegrations rates above 78%.

These disintegration rates are shown in Table 3.8.

Table 3.8: Wet Weight-based Disintegration Rates

Compostable PackeginziMaters] FaCiIEE/Z) 1LD Facili(g};)l HD FaCiIEE/Z)Z LD Facili(ic:};)Z HD
PLA-coated Paper Cup 95 84 65 88
PLA-double-coated Paper Cup 77 73 51 78
PLA-lined (Sugarcane) Bowls 96 86 62 80
Biopolymer Paper Sandwich Wrappers 95 89 83 93
Produce Sticker 100 100 100 100
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Confidence intervals were calculated to show how much certainty there is around each material’s
average disintegration rate, using the following steps:

e First, the average disintegration rate (the mean) was calculated by adding together the
replicate values and dividing by the number of samples.

e Next, the variation between those replicates was measured — this shows how consistent or
variable the results were for that material.

e Usingthat variation and the number of samples, Excel’s built-in statistical function was used
to calculate a 95-percent confidence interval.

This interval gives an upper and lower boundary around the average value that represents the range
where the “true” disintegration rate would likely fall if the test were repeated many times under

similar conditions.

¢ Anarrow confidence interval means the replicate measurements were very similar, so there
is strong confidence in the average result.

¢ A wide confidence interval means the results varied more between replicates, so the true
average may be higher or lower than the calculated mean.

The confidence intervals calculated for each pile and an interpretation of what these confidence
intervals mean for each compostable packaging material type in each pile are shown in Table 3.9,
Table 3.10, Error! Reference source not found., and Table 3.12. These confidence intervals are also
shown graphically in Figure 3.13, Figure 3.15, and Figure 3.16.

Table 3.9: Disintegration Rate Confidence Intervals (Cls) for Facility 1’s Low-Dose Pile

Compostable Mean Lower CI | Upper CI Interpretation
Packaging Material (%) (%) (%) p

PLA-coated Paper Cup 95.32 91.53 99.12 Very tight Cl — highly consistent
disintegration performance around 95%.

PLA-double-coated 76.52 60.13 92.91 Wide Cl — variable disintegration,

Paper Cup suggesting inconsistent breakdown or
possible measurement variation.

PLA-lined (Sugarcane) 95.60 92.74 98.47 Narrow Cl — stable, reliable

Bowls performance across replicates.

Biopolymer Paper 9541 93.07 97.76 Narrow Cl — reproducible results and

Sandwich Wrappers uniform degradation.

Produce Sticker 100.00 100.00 100.00 | No variation — complete disintegration

in all replicates.
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Figure 3.13: Disintegration Rate Confidence Intervals (Cls) for Facility 1's Low-Dose Pile
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Table 3.10: Disintegration Rate Confidence Intervals (Cls) for Facility 1’s High-Dose Pile

Compostable Mean | LowerCl | Upper CI Interpretation
Packaging Material (%) (%) (%)

PLA-coated Paper Cup | 83.81 77.07 90.55 Narrow Cl — consistent disintegration
performance, with limited variability across

replicates.
PLA-double-coated 72.70 60.09 85.32 Wide Cl — variable disintegration,
Paper Cup suggesting uneven breakdown or greater

variability between replicates.

PLA-lined (Sugarcane) | 86.42 79.24 93.59 Moderate Cl — generally reliable
Bowls performance, though some variability in
degradation observed.

Biopolymer Paper 88.67 79.84 97.49 Moderate Cl — strong average

Sandwich Wrappers disintegration with slight variability among
replicates.

Produce Sticker 99.73 100.00 100.00 No variation — complete disintegration

observed across all replicates.
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Figure 3.14: Disintegration Rate Confidence Intervals (Cls) for 1's High-Dose Pile
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Table 3.11: Disintegration Rate Confidence Intervals (Cls) for Facility 2’s Low-Dose Pile

Compostable Mean (%) Lower Upper Interpretation
Packaging Material Cl (%) Cl (%)

PLA-coated Paper 64.96 52.00 77.92 Moderate Cl — partial disintegration

Cup observed, with some variability, indicating
incomplete breakdown in several
replicates.

PLA-double-coated 51.44 31.29 71.60 Wide Cl — high variability, suggesting

Paper Cup inconsistent degradation and lower
overall composting performance.

PLA-lined (Sugarcane) | 62.12 48.00 76.25 Moderate Cl — steady but incomplete

Bowls disintegration, showing some variability
between replicates.

Biopolymer Paper 82.94 71.65 94.22 Narrower Cl — strong disintegration

Sandwich Wrappers performance, with relatively consistent
results across replicates.

Produce Sticker 100.00 100.00 100.00 No variation — complete disintegration
observed across all replicates.
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Figure 3.15: Disintegration Rate Confidence Intervals (Cls) for Facility 2’s Low-Dose Pile
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Table 3.12: Disintegration Rate Confidence Intervals (Cls) for Facility 2’s High-Dose Pile

Compostable Mean (%) Lower CI Upper CI Interpretation
Packaging Material (%) (%)
PLA-coated Paper 87.73 82.47 92.99 Narrow Cl — highly consistent
Cup disintegration performance across

replicates, indicating stable
composting behavior.

PLA-double-coated 78.21 70.41 86.01 Moderate Cl — reliable overall

Paper Cup performance but some variability
between replicates, suggesting slightly
uneven degradation.

PLA-lined 79.52 73.49 85.55 Moderate Cl — consistent
(Sugarcane) Bowls disintegration trend, with minor
variability, showing dependable
breakdown under test conditions.

Biopolymer Paper 93.49 85.49 101.49 Narrow Cl — strong and uniform

Sandwich Wrappers disintegration, with all replicates
achieving high breakdown levels.

Produce Sticker 100.00 100.00 100.00 No variation — complete

disintegration observed in all
replicates.
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Figure 3.16: Disintegration Rate Confidence Intervals (Cls) for Facility 2’s High-Dose Pile
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Some pictures of compostable packaging materials found in screened samples from Facility 1's LD
pile are shown Figure 3.17.

Figure 3.17: PLA-coated Cup (left), PLA-double-coated Cup (middle), and PLA-lined Fiber Bowl
(right) Residuals Found in Facility 1's LD Pile
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4. Conclusions and Recommendations

Overall, the pilot provided valuable insights into the impacts of poly-coated fiber compostable food
packaging on compost quality and operational processes. PFAS compounds were detected in both
facilities’ compost piles, though at levels below existing regulatory thresholds, indicating minimal
immediate risk to compost quality. Biological testing at Facility 1 revealed elevated salmonella
readings with higher doses of compostable packaging materials, suggesting further investigation is
needed to fully understand microbial impacts. Operationally, both facilities experienced increased
labor and management challenges (including handling lightweight materials), dry pile conditions,
and equipment inconsistencies, highlighting the importance of operational planning when
integrating compostable packaging materials. Further research is needed to assess long-term
effects on compost quality and facility operations and to provide a better understanding of
potential risks associated with emerging contaminants such as PFAS. Continued study will be
essential for developing evidence-based guidance to support composting facilities that wish to
accept compostable packaging materials in their feedstocks. Some recommendations for potential
future studies are outlined below:

1. Dose Methodology: Future studies should continue to use and refine the dose method,
since it reflects real-world conditions.

2. Biological Properties: Further investigation is recommended to assess the potential
influence of compostable materials on biological contaminants, such as salmonella and fecal
coliform, to determine whether observed findings were incidental.

3. PFAS Monitoring: As PFAS remain an emerging environmental concern, additional testing
on compost should be conducted to determine whether PFAS from compostable materials
affect compost quality. Additionally, test methods for analyzing PFAS in compost should be
further developed, to account for compost samples not being homogenous.

4. Expanded Testing: Future studies should include broader testing across multiple facilities
and consider perspectives of facility operators, to capture operational variability and real-
world impacts. Future studies should also be conducted in a broader range of regions which
experience different climates.

5. Cost Analysis: Further studies should include an analysis of costs incurred by facilities
accepting compostable packaging materials, as costs are typically higher for them. Given
that Canadian and US extended producer responsibility (EPR) programs require producers
to finance and manage the collection, recycling, and proper disposal of designated materials,
this analysis is necessary for informed compliance and accurate cost recovery.

6. Facility Siting and Nuisance Conditions: Further studies should include an analysis of the
ease of siting composting facilities and how public perception might have an influence. As
noted in this pilot, some residents may object to sites seen as managing trash. Nearby
properties may be affected by packaging materials that blow away and end up on them.

7. Further Develop Testing Methods: The CREF notes that it plans to update the TMECC as a
result of changes in technology and of evolving scientific understanding (CREF 2025). The
project team agrees that updates should happen in particular for testing for the presence of

W\ CEC
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microplastics and PFAS in compost. All piles of finished compost should be tested in further
pilot studies, for purposes of comparison.
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Appendix 1. Dose Method

This draft method has been prepared by the CFTP for Eunomia, customized and intended only for use for
the CEC Poly-Coated Paper Disintegration Pilot.

COMPOSTABLE
FIELD TESTING
PROGRAM

A Partnership of Compost Research
& Education Foundation and BSlbio

Dose Method to Assess In-Field Disintegration of Compostable Foodware and Packaging

Version 3, 2025 by the Compostable Field Testing Program

Thiswork is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International (CC BY-NC-ND 4.0). This license allows reusers to copy and distribute the material in
any medium or format in unadapted form only, for noncommercial purposes only, and only so long
as attribution is given to the creator.

To view a copy of this license, visit https://creativecommons.org/licenses/by-nc-nd/4.0/.

@oece

BY NC ND

CCBY-NC-ND 4.0 includes the following elements:

®BY - Credit (attribution) must be given to the creator
®Nc- Only noncommercial uses of the work are permitted
(ND - No derivatives or adaptations of the work are permitted
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Compostable Field Testing Program - Dose Field Test Method

Established in 2016, the Compostable Field Testing Program (CFTP) is a non-profit, multi-
stakeholder, international research project designed to bring field testing to all types and sizes of
organics processing operations. The goal of the program is to collect and share that data for further
research and education. The data collected through the use of this method will be anonymized and
incorporated into the CFTP’s public database.

The dose field test method is meant to test disintegration of industrially compostable products and
materials in commercial-scale aerobic composting facilities which cannot or choose not to use the
contained (mesh bag) field test method. This method only determines the disintegration of
compostable products and materials, not biodegradability. Only certified compostable items which
have met lab-based standards for biodegradability and third-party certifications for compostability
should be field tested.

This document contains an overview of the preparation and data gathering, physical and analytical
procedures per stage of testing, and an appendix of relevant resources.

Field Test Overview

The dose field test involves five steps: Plan, Dose, Monitor and Manage, Recover, and Analyze,
described in the table below. Planning can occur offsite, and the remaining steps take place on-site.

Table A1-1: Dose Test Method Stages, Timing, Estimated Labor and Hours Required

Trial Stage Plan Dose Monitor and Recover Analyze
Manage Residuals
Typical 3to 12 weeks Day 1 Ongoing At end of typical 1to 7 days
timing before initiation throughout residence timeline| after each
testing removal*
Brief Coordination calls, | Assess: Record Monitor: Inthe | Assess Compost: | Sift and ship:
Activity training sessions, | feedstock test area, take | Gather ending Sift, collect and
Summary planning, method | conditions/ weekly data points (pH, identify test
customization, starting moisture bulk density, product
calculating item conditions. squeeze test, Solvita, moisture, | residuals,
guantities Sample feedstock | daily temperature). photograph
required, sourcing | and ship to lab for | temperature residuals, pack
test items and starting data and biweekly and ship for
. . Recover
equipment. points (bulk oxygen. . further
density, C:N Intervals: Track Residuals: Screen assessment.
moistur,e , nterva s.t r?c the do.sed
content). dmovemen ° materla!
osed material mechanically,
Dose & Load: Mix | as needed to then manually sift
feedstock with enable typical | g recover test
testitems and operationsto | item residuals.
deliver into proceed.
operations.
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Trial Stage Plan Dose Monitor and Recover Analyze
Manage Residuals
Estimated 8 6-8 Monitor: 1h/ 4-6 6-8
Hours** week

Unload/reload
per interval: 6-

8h
Persons 2-3 2 1 for 2 3-4
Required*** monitoring, 2

for moving

material.

*Analysis can begin on the same day that the dosing begins.

**Hour estimates are subject to change according to specific facility needs.

***Planning should typically include an operator and someone overseeing and approving project details overall.
Having at least two people for all manual loading/removal work increases safety and efficiency. Having three or
more people during analysis helps with efficiency and division of tasks.

Randomized/systematic bulk dose sampling protocol for compostable product
disintegration analysis - Continuous flow sample gathering. - hopper & trommel
screen.

Small pile <10 CY:
For smaller piles of 10 CY or less, one sample will be taken for every % CY of un-sifted material.

Staff required: 2 people (One person to load the hopper and one person to time and gather samples).

1. Establish your sampling rate + take your first sample.

e As you take your first sample*, you will establish the time required to screen 1 CY of
material. Load % CY into the hopper and time its’ processing from when overs start
exiting the trommel to when screening is complete and the flow of overs has subsided.

e Establish the time required to screen your entire pile by using the formula

Time to process 1/2 CY X2X TotalCYto | = Total time to process pile
(minutes) screen (minutes)

For example, when sampling a 9 CY pile:

6 minutes X2X 9CY = 108 minutes to screen 9 CY

CEC
CCA
CCE
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e Establish the sampling interval for sampling every % CY use the formula

Total time to process pile | + (2 x total = Sampling interval for each
(minutes) CY)+1 1/2CY
(minutes)
Example:
(108 minutes + 18) + 1 = 7 minutes

*1a. While establishing your sample rate, you also must take your first sample. Your first sample
should be taken at a randomly chosen time near the beginning of the screening process.

e Use a random number generator to generate a number between O and 5. Use that
number as the minute mark to gather your first sample of overs from the trommel.

e To gather each sample, hold a 5-gallon sample bucket under the trommel output at the
beginning of the minute mark and collect all material exiting the trammel until the
bucket is full. If test items exit the trommel before the bucket starts gathering the
sample,do NOT add those test items into the sample. If test items exit the trammel after
the bucket is full, do NOT place them in the bucket. If test items accidentally miss the
bucket during the fill process, DO gather them and place them in the bucket.

For the remaining samples. begin with your randomly generated first sample time and gather the
rest of the samples at the calculated sampling interval.

Sample 1 2-minute mark

Sample 2 2+7 = 9-minute mark
Sample 3 2 +7+7 = 16-minute mark
Sample 4 2+7+7+7 = 23-minute mark

For example, if your random number for your first sample is 2 and your sampling interval is 7
minutes. You would gather samples at minute 2, minute 9, minute 16, and minute 23.

One person sampling option:

If only one person is available to both load the hopper and gather samples then each % CY will be
processed separately, one hopper load at a time. The first sample will be generated by random
number between 0-5. The remaining samples will be taken by random number based on the
processing time (minutes) for a % CY. The operator can load each CY and then capture the sample
at the random time generated for that load.

For example: Sample 1 is randomly generated at 3 minutes, and the first sample is taken at minute
3 of processing the first hopper load. Processing the first % CY takes 6 minutes. The second sample
is taken at a randomly generated minute between O and é.
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Sample Number Sample Timing for each % CY Screened
Sample 1 Minute 3
Sample 2 Minute 4
Sample 3 Minute 1
Sample 4 Minute 2
Sample 5 Minute 4
Sample 6 Minute 3
Sample 7 Minute 5
Sample 8 Minute 3
Sample 9 Minute 6
Sample 10 Minute 5
Sample 11 Minute 6
Sample 12 Minute 3
Sample 13 Minute 1
Sample 14 Minute 3
Sample 15 Minute 2
Sample 16 Minute 3
Sample 17 Minute 1
Sample 18 Minute 3
Large pile >10 CY:

For larger piles of 10 CY or more, a set number of sub-samples will be gathered systematically from
the pile. Previous work has established that 10 x 5-gallon sub-samples can be processed in a single
workday. The protocol outlined below is based on 20 sub-samples taken from piles greater than
10CY. This can be adjusted based on study goals / available resources.

Staff required: 2 people (One person to load the hopper and one person to time and gather samples).

1. Establish your sampling rate + take your first sample.

e As you take your first sample*, you will establish the time required to screen 1 CY of
material. Load % CY into the hopper and time its’ processing from when overs start
exiting the trommel to when screening is complete and the flow of overs has subsided.
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e Establish the time required to screen your entire pile by using the formula

Time to process 1 CY X Total CY = Total time to process pile
(minutes) toscreen (minutes)

For example, when sampling a 30 CY pile:

10 minutes X 30CY = 300 minutes to screen 30 CY

e Establish the sampling interval to obtain 20 samples with the formula

Total time to process + # sub-samples = Sampling interval
pile (minutes) to be taken from
the pile
Example:
300 minutes + 20 = 15 minutes

*1a. While establishing your sample rate, you also must take your first sample. Your first sample
should be taken at a randomly chosen time near the beginning of the screening process.

e Use a random number generator to generate a number between 0 and 5. Use that
number as the minute mark to gather your first sample of overs from the trommel.

e To gather each sample, hold a 5-gallon sample bucket under the trommel output at the
beginning of the minute mark and collect all material exiting the trammel until the
bucket is full. If test items exit the trommel before the bucket starts gathering the
sample,do NOT add those test items into the sample. If test items exit the trammel after
the bucket is full, do NOT place them in the bucket. If test items accidentally miss the
bucket during the fill process, DO gather them and place them in the bucket.

For the remaining samples. begin with your randomly generated first sample time and gather the
rest of the samples at the calculated sampling interval.

Sample 1 2-minute mark

Sample 2 2+15 = 17-minute mark

Sample 3 2 +15+15 = 32-minute mark
Sample 4 2+15+15+15 = 47-minute mark

For example: If your random number for your first sample is 2 and your sampling interval is 15
minutes. You would gather samples at minute 2, minute 17, minute 32,47, ...etc.

If resources allow for more (or less), than 2 days of sub-sample data gathering, you can adjust the
formula.
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Materials

This is a high-level materials list. Reviewing and amending this materials list is an important input
from the facility before and during testing.

Table A1-2: Materials Needed for the Dose Method

Gather in Preparation

Test Items Certified compostable items being tested
Negative control items

Data Gathering Scale, accurate to 0.1g/0.010z, able to measure up to 1kg/2.2Ibs
Black permanent marker

Data Sheets (if completing in hard copy, bring pen, clipboard)
Right-angle ruler

Grid paper photo background

Camera

Labels for photographs (paper or plastic, printed or handwritten) that have facility
name, date, and product ID

Printed Method / instructions

Required During Testing (packing, loading, managing material movement, removing)

Personal Protective | Respirator
Equipment and Goggles

Personal Gear Gloves - nitrile or latex for test item and test item residuals handling, as well as

Kevlar or dipped garden gloves for coarse feedstock and compost material
handling

Weather-appropriate clothing layers

Steel-toed boots (or other, as required by a given site)
High-visibility vests

Food, water

Dosing and Moving | Testitems and negative control items

Material Shovels/scoop for gathering samples from material

One 5 gal bucket marked with appropriate fill lines (see bulk density test
procedure in Appendix C2)

Pylons and/or flags to mark dosed area

Data Sheets (if completing in hard copy, bring pen, clipboard)

Moisture / Bulk Density test instructions

Monitoring and 1 gal moisture-barrier resealable bags
Sampling Temperature probe (or automated sensors)
Oxygen probe (or automated sensors)
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Gather in Preparation

5 gal bucket (for on-site bulk density assessments)
pH test strips

Solvita test kit

Data Sheets

Moisture / Bulk Density test instructions

Analysis (optional) Table - recommended for ergonomic sifting

(optional) Container, garbage bin or wheelbarrow - for collecting unders / sifting
over

Shovels/scoop for handling material

Intact test items (preserved from the test kit for before/after comparison and help
identifying residuals)

Small brush for removing detritus from test item residuals, e.g. a paintbrush with 1”
or smaller bristles

Manual screen / sifter with %” screen.
Inventory Data Sheets, clipboard & pens, markers
Sturdy tarp (min. 10’ x 12’)

Data Gathering Equipment, listed above (e.g. camera, photo labels, grid photo
background, etc)

Method
Procedures to Gather Weight, Volume, Photos

Data Gathering - Weight

Weight data is gathered at the beginning and end of the trial. The same procedure is followed for
taking weight at the beginning and during analysis. Make sure to use a scale that is accurate to at
least 0.1g/0.010z and follow the steps below to ensure consistent measuring.

1. Place the scale on astable, level surface. If the scale is not flat/level, the weight taken will be
affected.
Ensure the unitisin grams.

3. Tareor ‘zero’ the empty scale before beginning to weigh.

e [fthescaleis reading above or below zero when there is nothing being weighed, refer to
the user’s manual that came with your scale on how to calibrate it to zero.

e |f using a separate bowl or container to hold product residuals while weighing, make
sure to tare the scale with the empty container so you are weighing the residuals only,
or record the weight of the container separately and subtract it from the total weight.

4. Place item to be weighed on the scale. Wait until a stable value is reached and record it on
the relevant data sheet.

CEC
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5. Tare or ‘zero’ the empty scale after each weight is taken, making sure to clear the scale of
any debris before taring.

Data Gathering - Volume

Gather the volume of the residuals per product type at the end of testing. The process to capture
volume data are actively under review and input is invited.

Volume of residuals at analysis

1. Prepare empty containers of known dimensions to assess volume, e.g., a 5 gallon bucket with
lines on the inside to indicate %, %, % full.

¢ Todo this, fill the bucket gradually with known quantities of water, and mark the sides
with a permanent marker.

2. While collecting item residuals from the dosed material, gather the residuals into respective
piles for each item type.

3. Assess volume per residual by:
e Loosely place product fragments in the marked container

e Record the estimated fill level and number of containers filled in the Residual Recovery
Datasheet

Data Gathering - Photos Throughout Trial

There are photos taken throughout the trial to demonstrate the process, and to capture images of
test items and residuals for calculation of surface area. See the Photo Checklist for the list of photos
being taken.

Process Photos: Take photos at sufficient distance to see all the required detail. Give photos titles
if their purpose may be unclear to the remote team interpreting them.

Test Item Photos: Photos of intact test items must be taken at start and photos of item residuals
taken at the end of the test. All test item photos must include:

1. Millimeter grid background

2. Thetestitem or residual

3. Alabel with at minimum the date, facility name, and product ID
4. Right angleruler

To take test item residual photos, set aside a flat area for photographs, and use a phone/camera on
a tripod above grid paper. Assemble product residuals as they are recovered and try to emulate
their original shape when feasible.

1. Select a photographing location which is flat, not windy, with diffuse lighting that will not
cast shadows.

2. Set up theright-angle ruler along the edge of the millimeter grid background.
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3. (Optional) Use a tripod to set the camera'’s height. Take test photographs to check that the
grid lines are in focus and square with photos taken at the set height.

4. Photograph the item/residuals. Check that the grid is clear and square in each photo, and
retake / reorient the camera if necessary.

a. Forintactitems Flatten the item against the grid paper.

b. For residuals Photograph each recovered residual separately, both test and control
items. Assemble each recovered residuals in the general shape of the original item so
that a visual size comparison to the original product photo is possible. If a residual is not
naturally flat and has a height over 1 cm, cut the residual to flatten it for the photograph,
only to the extent necessary to resemble the representative intact item photo:

5. Ensure the edge of the residual does not obscure the measurement notations on the ruler
or edge of the grid.

6. Make sure to also photograph any residual control material.

7. If noresiduals are found, photograph the ruler with the ID tags, as described above. This is
your visual record that the product had no apparent residuals. See Appendix C7 for an
example ‘after’ photo.

Plan
Select test location

1. Select test location. Choose an area which is easy to manage and track and is unlikely to be
accidentally disturbed during the test period.

2. Determine the quantity of feedstock to be dosed. This is based on what is easily delineated
and managed as per the facility’s typical equipment and operations, while being of sufficient
volume to reach the typical composting conditions (e.g. temp, moisture) for that facility.

Determine item quantities using target dose rate

The ‘dose rate’ is the concentration of test items in the dosed feedstock, by volume. The following
steps are used to determine item quantities for testing based on a target dose rate.

1. Decide on the dose rates for each of the low and high treatments, typically between 2% and
5%.

Estimate the de-nested volume of each item based on manufacturer specifications.
Calculate the desired item quantities which would yield the target dose rate(s).
Determine the available quantity of each item, adjust item quantities based on availability.

Procure test materials in the calculated quantities. Source materials and equipment.

N O

Review the Materials list and procure any items not already on site.
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Dose

Prepare items:

1.

De-nest test items, intermixing them. Open the boxes of test items prior to the day of
loading and loosely de-nest the items into boxes or bins to prepare for dosing. Refer to the
Test Item Checklist and Dose Record to familiarize yourself with the items and their quantities.

Record the volume of the de-nested items. Report how many containers of which volume
are filled, to what degree, by the de-nested items, in the Initial Item Volume data table.

Gather starting data:

1.

Take a composite sample of the mixed feedstock for lab analysis. Refer to the Compost
Research & Education Foundation sampling videos for technique of collecting composite
samples: https://compostfoundation.org/Education/Sampling-Videos. Take a 1 gallon
sample enclosed in a Ziploc bag, and labeled with your facility name, the date, and the stage
of testing. Ship same-day in an insulated cooler box or bag with an icepack. Refrigerate the
sample if it cannot be shipped right away.

Assess and report initial operating parameters in the “Conditions at Start” datasheet. Log
weather conditions, measure bulk density. Refer to the ‘bucket test’ in the Appendix for in-
field bulk density assessment.

Dose feedstock with test items:

1.

Gather representative feedstock. In a convenient location, gather the required quantity of
premixed feedstock.

e Ensurefeedstockis either the same as typical operations, or comparable in terms of C:N.
¢ Whenrecording the feedstock composition, note variations on your typical feedstock.
e The feedstock selected must be no more than 2 days old.

e To the extent possible, clear the feedstock of contamination (i.e., conventional plastics,
metal, glass, other contaminants) as well as any other compostable packaging not from
your test kit.

Dose the feedstock, layering products and mixing as much as
possible.

Wear Gloves

and a Respirator!
e Distribute items as evenly as possible throughout the

dosed material.

e |If there is high wind, dose the products gradually by creating troughs, sprinkling mixed
items into the trough, and then folding the feedstock over the area.

¢ While dosing, take a photo of the feedstock before dosing, photos of the dosing process,
and at least two photos of the dosed feedstock, close up and from a distance.

Monitor and Manage

Monitor Compost Conditions Throughout Testing
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Throughout the duration of the test, monitor:

e Temperature - daily - taken from 5 to 10 points around the test area, at least 2 feet below
the surface of the pile. Use the Daily Temperature Log form to report your temperature
readings.

¢ Moisture - weekly - assessed from 5 samples taken around the test area. Squeeze test is
sufficient. Oven drying is optional, lab testing is optional during testing. Use the Weekly
Measurements Log to report your moisture readings.

e Oxygen - every two weeks - assess from 5 points taken around the test area. Use the
Weekly Measurements Log to report your moisture readings.

Whether monitoring is automated or manual, record the values in the Daily Temperature
Monitoring and Weekly Measurement data sheets. After active composting, use the Solvita Basic
Compost Maturity Test* biweekly. Once material reaches Solvita 5, or at the end of curing
(whichever comes first), perform the final analysis.

Manage Material Movement

As the dosed material is moved between stages of composting, care must be taken not to dilute the
dosed material with any adjacent un-dosed material. Remove any flags or pylons marking the dosed
area prior to moving the material, and replace them in the new location to mark the test area.

Recover Residuals

Removal of dosed material to prepare for analysis must happen 1 to 3 days prior to planned
screening to maximize efficiency.

Extract and Move Dosed Material

1. LogParameters. Inthe Interval and End Conditions data sheet, record temperature, moisture,
bulk density, from composite samples / measurement points in the dosed area, Solvita test
results, and any other observations on the pile conditions.

2. Collect a 1-gallon composite sample from the dosed material for lab analysis, removing
any test item residuals from the sample. Use sampling methods per to the Compost
Research and Education Foundation:
https://compostfoundation.org/Education/Sampling-Videos.

3. Ship samples to lab for analysis. Refrigerate samples if not shipped the same day. Ship in
insulated containment.

Remove marking flags/pylons from the dosed area prior to moving the material.

5. Remove the dosed material and mix it as much as possible. The goal is to ensure the test
items are as evenly distributed throughout the material to be screened as possible. Avoid
incorporating any un-dosed material when mixing.

6. (Optional) Set dosed material to dry prior to screening. If the dosed material is very high in
moisture on the day of removal, there is the possibility to dry the material prior to screening
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by spreading the material in a relatively thin (24" or less in height) layer. Do not do this if the
wind is too high or if precipitation is predicted, as product fragments are likely to be blown
away or the material will get even wetter.

7. Report the logged data.

Screen dosed material:

The material is ideally screened at least 1 day in advance of the sorting for fragments. This will
maximize efficiency on the day of analysis.
1. Bringthe dosed material designated for screening to the screening area.

2. Prepare the post-screening overs deposit area. This is where the ‘overs’ from the screening
will be deposited for further sorting. Cordon off the area (e.g., with pylons). Ensure this area
can remain undisturbed between screening and fragment recovery.

3. Screen dosed material. Screen all of the dosed material at one time, if possible.

Record volume of overs. Set the screened overs in the dedicated area to be further analyzed.
Record the volume of these screened overs in the Final Volume datasheet.

5. Reincorporate fines into the composting process. The fines which pass through the screen
can be reincorporated into the composting process, away from the test area where dosed
material may remain.

6. Flatten the pile of screened overs. Spread the overs into a relatively thin (24” or less in
height) layer, ideally in a roughly square shape.

Conduct visual analysis:

At least 2, up to 3, of the analysis team walk the overs pile and count residuals evident to the eye.
Walk back and forth over the entire area of overs and scan for the presence of the test items on the
surface, including any control materials. Use the provided data sheet to track the count of items
located and note any observations on the state of the residuals observed.

Gather and sift samples of the dosed overs

1. Setup the data gathering area adjacent to the overs for sorting.
e Setup asurface for residuals analysis e.g., table, tarps.

e Set up stations for weighing, assessing volume, taking photos, gathering data (whether
digitally or in print). Considering ergonomics in setup, i.e., avoiding bending for
prolonged periods, and locate the data gathering stations for ease of flow.

e Locate and arrange data gathering equipment e.g., data sheets, photo tags/labels

2. Superimpose asquare, numbered 1ft x 1ft grid on the screened overs. Use pylons and flags
to mark the sampling grid. Use a random number generator to select a minimum of 15 areas
to sample from.

3. Using a 5-gallon bucket, collect 5-gallon samples of overs from each of the sampling points.
sample from. Record the Sample IDs in the Overs Sample Log.

56



Pilot-scale Composting of Certified Compostable Poly-coated Fiber Food Packaging

4. Sift samples and collect test item residuals. Sift through the sampled material and recover
test item fragments. Use the intact reference products to help match any residuals with
their original product.

5. Brush material from test item residuals. Gently brush residual compost matter from all
residuals. Try not to break or damage the product residuals, where possible.

6. Photograph product residuals. Separately photograph each product’s residuals. Make sure
to also photograph any residual control material i.e., the cellulose film.

7. (Optional, required for weight-based disintegration data) Dry test item residuals. Air-dry
biopolymer products by leaving them in a covered place. Dry fiber residuals either in open
air over several days or via oven-drying.

(Optional, required for weight-based disintegration data) Weigh dried product residuals.

Log residual recovery in the “Residual Recovery Log” datasheet. Expect high variability in
disintegration of the same product. Do not discard any results.

Analyze

The data gathered on-site is processed off-site to calculate disintegration rates.

As the quantity of material being dosed is typically too large to reasonably screen and sort all dosed
material, a subsampling method is employed which requires extrapolating data on residuals
recovered from sampled material.

The percent residuals remaining can be calculated based on either the volume sampled or the
presence of a negative control, if used. The volume-based disintegration calculation is preferred.

Volume-based disintegration calculation

1. Take the Total Volume of Overs from the facility-submitted data.

2. Calculate the Volume of Sampled Overs. Number of samples times volume of each sample.
3. Calculate the Sampled Ratio. Volume of Sampled Overs divided by Total Volume of Overs.
4

Calculate the Volume Adjustment Factor. Portion of dosed material screened times the
Sampled Ratio. Half of the dosed material is assessed at each analysis point, so the ‘portion
of dosed material screened’ is 0.5.

5. Determine weight and surface area of the residuals recovered, per item type. Using the in-
lab methods for weighing and determining surface area, add the values for all fragments
recovered for a particular item type. Since items are likely to fragment into several pieces
during decomposition, it is not feasible to calculate disintegration based on a single item
residual against a single intact item weight/surface area.

6. Calculate the Residuals Remaining. Residuals remaining = weight or surface area of
recovered residuals / [weight or surface area of intact product * quantity loaded * Volume
Adjustment Factor]
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Surface area-based disintegration calculation

1. Calculate the total initial surface area per item category.
2. Calculate the total final residuals surface area, per item category.

3. Calculate the % surface loss- (total area (cm?) prior experimentation minus total area (cm?)
post experimentation) divided by total area (cm?) prior experimentation

initial surface area— final surface area
x 100

0, —
surface loss =
% f initial Surface area

Weight based disintegration calculation

1. Calculate the total initial weight per item category.
2. Calculate the total final residuals weight, per item category.

3. Calculate the % disintegration by weight, where (initial weight of expected number of units
per sample - final weight of products found per sample) divided by initial weight of the
expected number of units per sample, x 100, is the percent disintegration

. . . initial weight of expected # of units per sample - final weight
% disintegration= e T O P per TP & %100
initial weight of expected # of units per sample

Interpreting no residuals recovered in sampled material

Given that only a portion of the screened material is sampled, representing 1% to 7% of the total
overs, it is technically possible that residuals are present elsewhere in the overs and were not
captured in the samples.
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Appendix 2: Facility Data Logs

Table A2-3: Facility 1's Daily Temperature Logs for their CP, LD, and HD Piles

Day Control Pile (°F) Low Dose Pile (°F) | High Dose Pile (°F)
1 141 60 130
2 144 64 138
3 132 74 145
4 141 92 118
5 162 105 128
6 156 109 134
7 170 111 138
8 162 118 144
9 155 121 138
10 149 132 150
11 152 139 111
12 154 144 107
13 160 146 157
14 158 122 166
15 149 123 171
16 148 157 172
17 147 147 171
18 149 149 173
19 149 150 170
20 153 149 166
21 155 149 166
22 125 133 168
23 129 141 171
24 108 143 170
25 86 149 166
26 75 153 149
27 68 157 154
28 64 155 139
29 60 159 143
30 58 158 143
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Day Control Pile (°F) Low Dose Pile (°F) | High Dose Pile (°F)
31 61 155 154
32 82 154 152
33 139 153 153
34 150 142 161
35 143 142 160
36 141 124 158
37 86 152 155
38 129 168 150
39 150 165 136
40 150 165 133
41 149 165 131
42 149 165 130
43 149 164

44 147 162

45 144 156

46 138 150 111
47 136 150 143
48 119 154 160
49 114 155 151
50 127 151 149
51 135 122 148
52 134 149 149
53 131 157 123
54 127 157

55 114 152

56 91 150

57 93 145

58 84 148

59 82 147 115
60 148

61 149

62 147

63 149

64 147 109
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Day

Control Pile (°F)

Low Dose Pile (°F)

High Dose Pile (°F)

65

100

66

99

67

93

68

91

110

69

89

70

86

71

89

105

72

90

73

74

75

76

77

78

105

79

80

81

82

83

84

85

97

86

87

88

89

90

91

92

94
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Table A2-4: Facility 2’s Daily Temperature Logs for their CP, LD, and HD Piles

Day Control Pile (°F) Low Dose Pile (°F) High Dose Pile (°F)
1 52 42 52
2 59 36 53
3 77 58 65
4 111 90 76
5 122 135 62
6 127 144 96
7 129 153 126
8 134 127 139
9 138 138 141
10 147 139 148
11 146 150 147
12 133 153 122
13 136 150 151
14 148 139 122
15 139 144 134
16 126 140 152
17 130 147 153
18 148 153 152
19 150 152 111
20 128 150 133
21 133 147 152
22 138 152 150
23 133 157 151
24 148 151 153
25 150 154 150
26 155 152 161
27 158 153 163
28 157 156 162
29 156 152 155
30 140 140 155
31 149 133 151
32 148 Lost Connection 143
33 156 102 161

62

CEC
CCA

2V CCE



Pilot-scale Composting of Certified Compostable Poly-coated Fiber Food Packaging

Day Control Pile (°F) Low Dose Pile (°F) High Dose Pile (°F)
34 156 111 160
35 153 112 158
36 152 140 153
37 128 140 147
38 142 136 143
39 136 94 142
40 150 120 111
41 156 129 154
42 156 121 154
43 155 113 151
44 150 115 142
45 148 80 130
46 147 89 125
47 100 102 Lost Connection
48 142 100 Lost Connection
49 147 95 Lost Connection
50 146 93 113
51 147 91 117
52 146 95 112
53 144 70 122
54 108 96 122
55 117 99 142
56 130 110 142
57 131 113 139
58 131 93 137
59 129 89 133
60 87 84 129
61 93 Lost Connection 130
62 104 Lost Connection 150
63 115 67 164
64 124 61 160
65 128 68 155
66 129 73 151
67 130 87 129
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Day Control Pile (°F) Low Dose Pile (°F) High Dose Pile (°F)
68 99 110 137
69 96 137 141
70 94 143 138
71 94 140 137
72 94 135 137
73 91 128 136
74 90 124 135
75 90 120 134
76 Lost Connection 117 133
77 Lost Connection 113 131
78 Lost Connection 107 129
79 81 106 125
80 76 108 115
81 73 149 111
82 77 158 109
83 79 150 107
84 86 142 104
85 91 138 96
86 100 135 91
87 111 131 89
88 122 129 88
89 127 126 87
90 134 123 87
91 140 121 86
92 142 116 84
93 141 112 83
94 140 110 82
95 82
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Table A2-5: Facility 1's Periodic Moisture and Oxygen Readings for their CP, LD, and HD Piles

Control Pile Low Dose Pile High Dose Pile

Week | Moisture (%) | Oxygen (%) | Moisture (%) | Oxygen (%) | Moisture (%) | Oxygen (%)

1 65 65

2 55 55 11 60 12

3 60 10 55 13 65 8

4 60 8 50 15 60 8

5 55 12 50 50 16

6 52 9 45 11 40 12

7 30 20 50 40 17

8 50 8 40 16 35

9 14 45 14 40 18

10 45 45 40

11 40 18 40 17 35 18

12 35 20 40

13 35 18 30 19

14 35 19 30 19

15 35

16 30 20

Table A2-6: Facility 2’s Periodic Moisture and Oxygen Readings for their CP, LD, and HD Piles

Control Pile Low Dose Pile High Dose Pile
Week | Moisture (%) | Oxygen (%) | Moisture (%) | Oxygen (%) | Moisture (%) | Oxygen (%)
1 49-50 44-49 44-49
2 49-54 20 49-54 13 44-49 12
3 44-49 49-54 49-54
4 50-54 8 49-54 10 49-54 19
5 50-54 44-49 49-54
6 49-54 9 44-49 20 49-54 10
7 44-49 40-44 44-49
8 44-49 15 40-44 19 44-49 20
9 44-49 40-44 49-54
10 44-49 16 40-44 20 49-54 18
11 44-49 49-54
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Control Pile Low Dose Pile High Dose Pile
Week | Moisture (%) | Oxygen (%) | Moisture (%) | Oxygen (%) | Moisture (%) | Oxygen (%)
12 44-49 20 44-49 49-54 20
13 49-54 44-49 20 44-49
14 40-44 44-49
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