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Abstract

The European Union (EU) and the United States (US) determine municipal solid waste (MSW) statistics differently. The EU
applies a site-specific methodology that directly measures waste whereas the US employs a materials flow methodology that
estimates MSW statistics indirectly based on production and recovery data from industries. This study dissects the materials
flow methodology and presents quantitative materials flow Sankey diagrams for the primary MSW materials to highlight data
gaps that can be addressed to improve the methodology’s accuracy. Private industry plastics data were applied to the materi-
als flow methodology, and the results were within 10% of the plastics statistics reported by the US Environmental Protection
Agency (US EPA). Drawbacks to the methodologies include EU measurement inaccuracies due to double-counting and not
accounting for residual waste in the US. The latter may partially explain why landfilling tonnages reported by the US EPA
were approximately 60% less than the tonnages reported by the Waste to Energy Research and Technology Council (WTERT)
in its national MSW survey that applied the EU methodology in the US. Unlike the EU, there is no US national policy that
requires states to measure and report state-level waste data to the US EPA. Future improvements in US MSW statistics rely
heavily on the implementation of national policies to homogenize the measurement and collection of waste data from states.

Keywords Materials flow methodology - Site-specific methodology - United States - European Union - Municipal solid

waste - Discrepancy

Introduction

There is great interest in quantitatively understanding the
amount of municipal solid waste (MSW) generated and its
final destination. Robust methods must be developed and
verified to provide decision makers and municipal leader-
ship with accurate data. Two of the most environmentally
advanced entities, the EU and the US, have developed meth-
odologies that are somewhat accurate but contain areas that
can be improved to make them more robust. The EU meth-
odology employs measurement of MSW but the tracking
of waste must be thorough to avoid double-counting by the
multiple facilities that handle the same waste stream. The
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materials flow methodology employed in the US does not
use direct measurement of MSW, and consequently, previ-
ous studies conducted by the Waste to Energy Research and
Technology Council (WTERT) and Environmental Research
and Education Foundation (EREF) raised concerns regard-
ing the accuracy of statistics generated by this methodol-
ogy. WTERT and EREF applied the EU methodology in the
US using state-based and facility-based national surveys,
respectively, to determine US MSW statistics. The results
were compared to the US Environmental Protection Agency
(US EPA) statistics generated using the current materials
flow methodology, leading to significant variations that are
shown in Table 1.

The results of the national surveys yielded MSW genera-
tion and landfilling tonnages that were as much as 43.3% and
59.1% greater than US EPA statistics, respectively. These
discrepancies provided the motivation for this study to quan-
titatively analyze the material flow methodology and identify
potential data gaps that may explain the discrepancies. The
ultimate goal of this analysis is to provide a deeper under-
standing of the US and EU methodologies that can be used
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Table 1 Percentage Variation of Waste Management Data from
WTERT and EREF Compared to the US EPA (mass basis)

Source Total Recycled Com- Com- Landfilled
MSW posted busted
genera-
tion
WTERT-  +433% +28.1% +174% +0.8% +59.1%
usS
EREF +309% +12.0% -5.0% —6.4% +49.2%

WTERT, Waste to Energy Research and Technology Council; EREF,
Environmental Research and Education Foundation; MSW, municipal
solid waste; US EPA, US Environmental Protection Agency

to address their shortcomings and consequently, enhance the
accuracy of MSW statistics in the US and the EU.

The US EPA for the first time attempted to quantify food
waste, but those estimates do not distinguish between “food”
and “inedible parts”. In food waste release, it is estimated
that 17.7 million tons of food are managed by methods
ranging from anaerobic digestion to donation to landfill and
sewer/wastewater treatment. There are currently multiple
generation estimates per sector that are then averaged to
arrive at an annual amount. Except for anaerobic digestion,
the management distribution use for all sectors was the same
as restaurant management.

Materials and methods
Materials flow methodology Sankey diagrams

Quantitative analysis of the materials flow methodology
was based on the US [11] methodology document entitled,
Municipal Waste Generation, Recycling, and Disposal in the
United States: Facts and Figures: A Methodology Document.
Clarifications of the methodology document were provided
through discussions with personnel from the US EPA. Exam-
ples of this included understanding US EPA’s definition of
“Recovery” in the context of the materials flow methodology
and gaining more insight into the sources that are referenced
for estimating food waste data, which has the least transpar-
ent methodology explanation compared to all other primary
material streams, however that was recently changed.
Specifically, for plastics, industry data on production and
recovery were provided by the American Chemistry Council
(ACC). These data were applied to the materials flow meth-
odology that enabled a quantitative insight and a comparison

MSWGeneration =

of the results to the plastics statistics reported by the US EPA.
Specifically, the industry data cited were the 2016 Annual
Resin Review, the 2015 National Post-Consumer Non-Bottle
Rigid Plastic Recycling Report 5], the 2015 National Post-
Consumer Plastic Bag & Film Recycling Report [6], and the
2015 United States National Post-Consumer Plastic Bottle
Recycling Report [9]. The 2016 Annual Resin Review pro-
vided data on production and domestic consumption of all
plastic resins (except for PET) from 2011 to 2015. The 2015
National Post-Consumer Non-Bottle Rigid Plastic Recycling
Report provided data on the total non-bottle rigid plastics
recycled in 2015. The 2015 National Post-Consumer Plas-
tic Bag & Film Recycling Report provided data on the total
plastic bags and film recycled in 2015 and the 2015 United
States National Post-Consumer Plastic Bottle Recycling
Report provided data on the total plastic bottles recycled in
2015. Plastics generation was estimated based on the sum-
mation of the category “Domestic Consumption by End Use”
tonnages for all resins in 2015 reported in the Annual Resin
Review. PET tonnages are not reported in the Annual Resin
Review and instead are reported by the National Associa-
tion for PET Container Resources (NAPCOR). No 2015 data
were publicly available to the authors of this study for PET;
therefore, PET was not included in the total tonnage esti-
mation of plastic generation. Plastics recycling was calcu-
lated as the summation of total plastic bottles recycled, total
post-consumer film recovered for recycling, and total post-
consumer non-bottle rigid plastic recovered in 2015. Plastics
recovery was calculated as the sum of plastics recycling and
the tonnage of plastics sent to waste-to-energy (WtE). The
WIE tonnage was assumed to be the same as that reported by
the US EPA because this information was not provided in the
plastics industry data. Plastic disposal was calculated as the
difference between plastic generation and plastic recovery.

Materials flow Sankey diagrams were developed for the
primary material streams in MSW-—namely, plastics, paper,
metals, glass, and food waste. The Sankey diagrams were
based on the 2014 methodology document and discussions
with the US EPA.

Materials flow methodology summary equations

Equations 1-3 are original summary equations developed by
the authors of this study to determine MSW generation, recov-
ery, and disposal based on the material flow methodology. To
clarify, these equations are more detailed versions of the equa-
tions presented in the 2014 US EPA methodology document.

Material production based on industry data + net imports —fabrication scrap loss (1)

—material used for production of non MSW related products
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Recovery = Purchases by recyclers
+ Tonnages received at composting facilities )

+ Tonnages sent to waste — to — energy

Discards = MSW generation —-MSW recovery 3)

The “Generation” of MSW, shown in Eq. 1, is calculated
in the materials flow methodology based on production data
from industry association reports for the different materials
found in MSW. The production data are adjusted for fabri-
cation losses, net imports, and lifetime of durable goods.
Fabrication losses refer to the materials that end up as fac-
tory scrap during the manufacturing of products. Material
that creates non-MSW streams, such as construction and
demolition (C&D) debris, is also accounted for and is sub-
tracted from the total production data. Net imports refer to
the net difference of manufactured products that are exported
from the US and the products that are imported into the
US; this difference indicates the number of export—import
products that end up in the MSW. In the 2014 methodology
document, the US EPA shows how it applies the materials
flow methodology to specific products such as carpets and
rugs and consumer electronics. Lifespan of durable goods
refers to the materials that are made into products that have
a lifespan of more than three years, such as toys and furni-
ture. In general, most of these products will not enter the
MSW stream in the same year that they are manufactured,
and therefore, the materials flow methodology adjusts the
production data to account for this time lag. The life span
applied is unique to each category of product and is based on
industry data for the average years of use prior to disposal.

“Recovery” of MSW in the context of the materials flow
methodology is defined by the US EPA as the summation
of recycling, composting, and energy recovery (in the EU,
“Recovery” does not include WtE if the energy efficiency
is below an accepted value). The recycling data used in the
methodology come from industry association reports and
are based on purchases made by recyclers. The compost-
ing data are based on the tonnages reported by composting
facilities throughout the US. The composting data are pro-
vided on a volunteer basis and therefore, not all facilities in
the US provide this information. Furthermore, methods of
waste measurement are not standardized in the US, leading
to uncertainties in reporting. Energy recovery data are based
on the tonnages reported by WtE facilities throughout the
US. As part of their operations, all WtE facilities measure
the tonnage of waste that enters their facility, and therefore,
the data that are provided to the US EPA for WtE are more
robust than those for composting.

“Discards” refers to the MSW that is disposed in landfills.
As seen in Eq. 3, landfilling is calculated as the difference
between MSW generated and MSW recovered. The US EPA

does not calculate national landfilling as the summation of
state reported landfilling tonnages because the US has Sub-
title D landfills, which means that non-MSW waste such
as C&D debris and sewage sludge are included in the total
reported tonnages. To avoid inaccuracies, the US EPA esti-
mates landfilling via the materials flow methodology based
on the difference shown in Eq. 3. The US EPA does not
account for the import and export of MSW in its calcula-
tion of discards. This is largely because any transport of
waste occurs at the generation and recovery stages and is
accounted for in Egs. 1 and 2. Due to the vast land in the
US, the majority of the MSW that is to be landfilled remains
in the US and does not need to be exported, as is the case in
many countries in the EU due to limited space. However, it
must be recognized that some products are exported from the
US that may not be accounted for in the MSW waste stream.

To our knowledge, this study is the first to quantitatively
compare the data obtained for MSW streams determined
by the US and EU methodologies. The goal was to iden-
tify quantitative values that each methodology resulted in
and highlight where data gaps existed. The intention in this
publication is to inform the sustainable waste management
community that methods used to arrive at precise values are
inherently uncertain. In addition, researchers must scrutinize
the data themselves to understand where improvements are
needed to obtain high confidence information and possibly
work to align methodologies.

Results and discussion

Sankey diagrams for materials flow methodology
of primary MSW streams

The 2014 US EPA methodology document provides step-by-
step summaries and process flow diagrams of the material
flow calculations for different materials and products found
in MSW. However, the process flow diagrams do not provide
quantitative information that clearly indicates how the gen-
eration and recovery values of these materials are calculated
from the methodology.

It is not possible to quantitatively analyze the materials
flow methodology without access to the sources of private
industry data. Through a collaboration with the ACC, the
authors were able to gain quantitative insights into the mate-
rials flow calculations for plastics using reports provided by
ACC that correspond to those used by the US EPA. Figure 1
is an adaptation developed by the authors of the process
flow diagram for plastics from the US EPA methodology
document. Unlike the original, this adaptation now incorpo-
rates quantitative information provided in each step of the
methodology document as well as additional production and
recovery data obtained through the ACC reports.
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Net imports
= Plastic used in the select MSW products
x Net import adjustment factor*

Generation of plastics
in other MSW products

e.g. lead-acid batteries, appliances

Key:
Il ACC

*Net import adjustment factors for selecting products
made with plastics = total net imports values (imports
— exports) divided by total domestic shipment values

Recovery
- Based on annual product recovery surveys from ACC and NAPCOR
- Includes energy recovery: source of data not specified

Domestic production

PLASTIC

Data sources:
American Chemistry Council (ACC)
National Association for PET
Container Resources (NAPCOR)

- Virgin and recovered
resin

- Primarily based on
ACC Resin Review

39.0 million tons

Total Plastic 8.1 million tons
Generation in
MSW Residues

Residues of recovery
operations are not
accounted for in the
materials flow
methodology

31.6 million tons

Durables: appliances, furniture, consumer electronics,
lead-acid batteries

Nondurables: plastic plates and cups, trash bags,
clothing and footwear, disposable drapers
Scrap
1% fabrication
scrap loss applied

Containers & Packaging: PET bottles and jars, HDPE
natural bottles, other containers, bags and sacks, wraps,
other plastics packaging

3

Temporary diversion of
durable and non-durable
plastic products; based on

estimated useful life

Discards
Generation — Recovery = Landfilling
23.0 million tons

Fig. 1 Adaptation of materials flow process flow diagram for plastics (2015). ACC American Chemistry Council

Figure 1 shows that the primary data sources for plas-
tics cited by the US EPA are the ACC and NAPCOR.
The US EPA cites production data from ACC’s Annual
Resin Review and recycling data from recycling surveys
by ACC and NAPCOR (US [11]). Domestic production
includes both virgin and recovered resin, and in 2015, this
was approximately 39 million tons, excluding PET (ACC
[1]). These data are adjusted for net imports (the difference
between imported plastics and exported plastics), and 1%
fabrication scrap loss is applied as suggested by the US EPA.
Products that have a useful lifetime are subtracted from the
production data to account for the time lag in these products
entering the waste stream. Plastics that are accounted for in
the materials flow methodology of other MSW products,
such as lead-acid batteries and appliances, are added to the
overall amount. The end result of these calculations yields
the generation of plastics in MSW that the US EPA reports.

The data in the ACC Resin Review have three different
categories that are provided for plastics production: Sales
& Captive Use, Production, and Domestic Consumption by
End Use. The total tonnage that the US EPA reports for
plastic generation is most similar to Domestic Consump-
tion by End Use in the ACC Resin Review. In 2015, the
US EPA reported 34.5 million tons of plastic generation in
MSW (US EPA [10]) and the Domestic Consumption by
End Use reported by ACC was 31.6 million tons (ACC [1]).
The discrepancy in the tonnages can potentially be attributed
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to the fact that ACC does include PET in its total reported
tonnages. The similarity in tonnages suggests that US EPA
may reference the Domestic Consumption by End Use data
from the ACC Resin Review to determine total plastics gen-
eration in the US.

The recovery of plastics is defined in the materials flow
methodology as the summation of plastics recycling and
plastics sent to WtE. Recycling is based on recycling data
from the ACC and NAPCOR surveys. Separate recycling
estimates are provided for durables, nondurables, and con-
tainers and packaging (US [11]). The US EPA methodology
document does not provide specifics regarding the data for
energy recovery of plastics. In 2015, the US EPA reported
tonnage for plastics recycling was 3.1 million tons (ACC
[1]). Based on the ACC and NAPCOR recycling survey, in
2015, the summation of recycling tonnages equated to 2.7
million tons and was specifically for post-consumer non-
bottle rigid plastics, post-consumer film, and post-consumer
plastic bottles. The discrepancy in the recycling tonnages
between the US EPA and the industry surveys can possibly
be attributed to additional plastic product categories that are
not included in the recycling surveys and therefore were not
included in the summation estimate conducted for this study.
The total tonnage of plastic sent to WtE in 2015 as reported
by the US EPA was 5.4 million tons. Since the industry data
did not include WtE data, the US EPA WtE tonnage was
added to the recycling estimate for this study and the US
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EPA’s recycling estimate to yield total plastic recovery ton-
nages of 8.1 million tons and 8.5 million tons, respectively,
as shown in Fig. 1.

The discarding of plastics is calculated in the materials flow
methodology as the difference between the total plastics gen-
erated and the total plastics recovered. In 2015, the US EPA
reported that 26.0 million tons of plastics were landfilled (US
EPA [10]). The difference calculated based on the industry
report data for generation and recovery yielded a tonnage of
approximately 23.5 million tons. Analysis of the materials flow
methodology using industry data for plastics yielded results
that were within 10% of the US EPA reported estimates. This
indicates that the material flow calculations are not completely
transparent but that with access to the raw industry data, it is
possible to gain quantitative insights into how the US EPA
MSW statistics are determined from the methodology.

A crucial insight into the materials flow methodology
that is highlighted in Fig. 1 and all adaptations of the pro-
cess flow diagrams are that residues of waste treatment are
not accounted for in this methodology. Residual waste from
recovery operations such as recycling and energy recovery
are not accounted for in the discards of material streams.
This is an inherent error due to the top-down approach of
the materials flow methodology and can potentially explain
the discrepancies in landfilling tonnages reported by the US
EPA compared to WTERT and EREEF, as shown previously

Imports packaging

in Table 1. Specifically, the US EPA may underestimate
landfilling because the materials flow methodology does
not account for disposal of residual waste, and simultane-
ously, the surveys of WTERT and EREF may have overes-
timated landfilling since measured landfill tonnages include
non-MSW.

Figures 2, 3, 4, 5 show the adapted material flow pro-
cess flow diagrams for paper, metals, glass, and food waste
in MSW. Only the US EPA reported estimates could be
included for these material streams since their industry
data were not publicly available to verify the material flow
calculations.

Data gaps in the materials flow methodology

Analysis of the US EPA methodology document revealed
that there are inconsistencies in the material flow calcula-
tions for different material streams in MSW. The agency
is currently developing efforts to improve the accuracy of
waste data collection in the US, starting with food waste,
yet these values here are considered sufficient for this
comparison.

Paper, generation and recovery tonnages are based on
data from the American Forest and Paper Association
(AF&PA). Production data are adjusted for loss from scraps
due to fabrication using conversion factors from a 1992

Key:
M USEPA

Recovery
- Based on annual recovery reports published by AF&PA
- Reports include both post and pre-consumer recovery of paper
and board purchased by US paper mills
- Also includes exports of recovered paper
- Includes energy recovery: source of data not specified

Domestic production

PAPER

Data sources:

- Includes new supply of
paper and board

- Includes net imports

- Includes office paper files
diversion reentering the
paper supply

(AF&PA)

American Forest & Paper Association

Total Paper
Generation in
MSW

49.8 million tons

68.1 million tons

Residues

Residues of recovery
operations are not
accounted for in the

Nondurables: newspapers, books and magazines,
office-type papers, standard mail, tissue paper and
towels, paper plases and cups
Scrap
Based on 1992 Recycling
Advisory Council report
with adjustments

Containers & Packaging: corrugated boxes, cartons,
bags and sacks, wrapping papers

U S

products used for non-MSW

materials flow
methodology

Discards
Generation — Recovery = Landfilling
18.3 million tons

Diversion of

purposes

Fig.2 Adaptation of Materials Flow Process Flow Diagram for Paper (2015). US EPA US Environmental Protection Agency
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Net Imports

Steel* and aluminum

Key:
W USEPA

Recovery

* For steel based on industry recovery rates
* For aluminum cans, total recovery — cans melted by domestic end users

+ exported used beverage containers (UBC) —imported UBC
* For other aluminum products and foils, assume 0% recovery
* Includes energy recovery: source of data not specified

Total Metal
Metal Production M ETA LS generation in
- Includes domestic shipments of tin plates and MSW

tin-free steel to cans makers

- Includes domestic shipments of steel products
and packaging based on black plate and tin-
coated sheet sold into container, packaging and
shipping markets

- Includes total domestic aluminum consumption

- Production data sourced from AlSI and The

Data sources:
American Iron and Steel Institute (AISI),
Steel Recycling Institute,
The Aluminum Association

24.0 million tons

10.9 million tons

—

Residues

Residues of recovery
operations are not
accounted for in the
materials flow

Aluminum Association

Durables: large and small appliances, consumer electronics, furniture

Packaging: beverage and food cans, aluminum foils and closures
Steel cans

Steel products & packaging

Aluminum beverage cans

Aluminum food and other cans

Aluminum foil and other packaging

Fabrication losses:
>12.5% for steel cans
>1% product filler in steel cans
>12.5% for steel products and packaging
>25% production scrap loss for aluminum cans
>1% production loss for aluminum foils

Fig.3 Adaptation of Materials Flow Process Flow Diagrams for Metals (2015)

Net Imports

empty?and filled? glass containers

methodology

Discards
Generation — Recovery = Landfilling

13.1 million tons

Key:
W US EPA

Recovery

Based GPI recovery data and stable environmental agency
recycling data
Discrepancy in data is assumed to equal quantity of recovered

glass going to end low-ends markets

Includes energy recovery; source of data not specified

Total Glass
generation in
MsSwW

Domestic production of
empty glass containers !

Data sources:
Glass Packaging Institute (GPI),
State environmental agencies

- Domestic shipment data doesn’t represent total
industry

To adjust upward, factors were developed by the
US EPA based on a comparison of 2008 Census
data and 2008 CPI data and applied to beer and
three other categories of containers

11.5 million tons

4.5 million tons

N

Residues

Residues of recovery
operations are not
accounted for in the

UNIT CONVERSIONS
Unit weight =domestic production (lbs)/
gross domestic production of ...
2) Assume same conversion factor of (1)
3) Liquid measurements = volume x weight
per gross of bottles

Durables: appliances, consumer electronics, furniture
1

Packaging: alcoholic and non-alcoholic beverage bottles,
bottles and jars for foods and juices, cosmetics

Fig.4 Adaptation of Materials Flow Process Flow Diagram for Glass (2015)
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Key:
US EPA

Recovery
= Food waste composting + mixed waste composting
* Food waste composting based on state agency data
* Mixed MSW composting based on Biocycle

Residential food waste T Total Food Waste >
= average food waste generated per Fo 0 D WAS E H H

’ € generation in \,
capita® x US population MS

Data sources:
State environmental agencies,
Biocycle

Commercial food waste
= average commercial food waste
generation factors? x appropriate
demographic and economic statistics

Residues

Residues of recovery
operations are not
accounted for in the

materials flow methodology

Uneaten food and food preparation waste from
residences, commercial establishments (grocery
stores, sit-down and fast-food restaurants)
institutional sources such as school cafeterias and
industrial sources such as factory lunchrooms

FOOTNOTES

1: Per capita generation based on curbside
sampling studies from 8 states and Canada

2: Generation factors developed from sampling
studies conducted in the following sectors:
grocery stores, restaurants, prisons, educational
institutions, nursing homes and residential
hospitals, hotels and employee cafeterias

Discards
Generation — Recovery = Landfilling

Fig.5 Adaptation of Materials Flow Process Flow Diagram for Food Waste (2015)

Recycling Advisory Council report. An inconsistency with
paper, compared to all other material streams, is that only
imports are accounted for in the materials flow calculation,
as opposed to net imports (which is the difference between
imports and exports of paper product). Furthermore, this is
the only material stream that solely relies on packaging to
represent imports and does not account for paper products.
Most other material streams use products to account for
imports and exports. The generation of paper is calculated
as the production data with the addition of paper packag-
ing imports and the removal of fabrication scrap loss. Paper
recovery is defined as the summation of paper that is recy-
cled and that is sent to WtE. Paper recycling is determined
from recycling surveys by the AF&PA based on purchases
by US paper mills and is adjusted to remove pre-consumer
recycling. The recycling data include the exports of recycled
paper, thus, per-consumer exports are not measured, similar
to the plastic stream, and the amount of paper sent to WtE is
not specified (US [11]).

Metals include steel and aluminum containers and pack-
aging. Production data are based on domestic shipments of
virgin materials from the American Iron and Steel Institute
and The Aluminum Association. The amount of metals in
MSW is calculated as the addition of domestic shipments
and net imports and the subtraction of fabrication losses.
The losses are based on estimates from the manufacturing
industry for cans, foils, and other products and packaging.
However, net imports are only specified for aluminum in
the methodology document and not for steel. Therefore, net
imports may not be applied to steel production data in the
materials flow methodology. The recycling of steel is based

on data provided from the Steel Recycling Institute, and the
recycling of aluminum cans is based on the number of cans
melted by domestic end users plus exported used beverage
cans (UBCs) minus imported UBCs. The recycling of alu-
minum foil and closures is assumed to be 0% (US [11]).

Glass generation is based on domestic shipments of glass
reported by the Glass Packaging Institute (GPI). The US EPA
has determined that it needs to adjust the data upward using
factors based on comparisons of 2008 census data and 2008
GPI data, and these factors are applied to beer bottles and
three other categories of glass containers that are not speci-
fied in the methodology document. Net imports are added to
the production data for both empty and filled glass containers.
Based on the unit conversions shown in Fig. 4, filled glass
container data are adjusted so that the tonnages account for
only the glass container and not the contents. The summation
of the domestic shipment data and net imports equates to the
total glass generation reported by the US EPA. Recycling of
glass is based on recycling surveys from GPI and state envi-
ronmental agency recycling data. The difference in the two
data sets is assumed to equal the quantity of recycled glass
going to low-end markets (US [11]).

Food waste is calculated differently from other material
streams since it is not based on pre-consumer production data.
The primary data sources that the US EPA cites for food waste
generation and recovery are the BioCycle survey and state
environmental agencies. Food waste in MSW is the summa-
tion of residential and commercial food waste. Residential
food waste is estimated based on an average food waste per
capita generation rate that is based on the results of curbside
sampling studies from eight states and Canada. These states
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are: Arizona, California, Illinois, Minnesota, Missouri, Ver-
mont, Washington, and Wisconsin. The data range covered
is from 0.07 kg to 0.30 kg per person per day and therefore
very variable. The tonnage of residential food waste generated
is calculated as the product of the average per capita food
waste generation rate, i.e., 0.36 pounds per person per day,
and the national population. Commercial food waste genera-
tion is estimated using factors based on data from sampling
studies and demographic data on population, grocery store
sales, restaurant sales, number of employees, and number of
students, patients, and prisoners in institutions. Recovery of
food waste is the summation of data reported by BioCycle and
state environmental agencies for mixed MSW composting and
food waste composting, respectively (US [11]).

The US EPA acknowledges that there are data gaps in
the materials flow methodology, especially with regard to
food waste. All primary material streams that were analyzed
had a limitation in updated or accurate data on recovery.
Food waste has one of the least robust material flow calcula-
tions because its data set is limited since it is reliant on state
agencies that are not needed by law to measure and report
food waste generation and recovery. Food waste generation
is based on a small sample size of per capita food genera-
tion in only eight states. Recovery tonnages may be inac-
curate because non-food waste organics may be included in
the total composting tonnages. Furthermore, the US EPA
reports in the methodology document that state agency data
on composting were found for only 33 states, and the data
were between three and six years old (US [11]). The US EPA
currently has a dedicated concerted effort to improve food
waste management data collection and reporting. In 2020, a
revised measurement methodology that includes more gen-
erators and management pathways and the industrial sector
is now included in a separate report.

EU methodology for MSW statistics

The EU employs a site-specific methodology to deter-
mine its MSW statistics that is based on the measurement
of MSW at waste treatment facilities. In the EU, mem-
ber states are required to submit waste data to Eurostat in
accordance with the Waste Statistics Regulation (WStatR).
WStatR provides guidelines on how member states should
collect data on waste generation, waste treatment, and waste
infrastructure.

In the EU, waste type is categorized by economic activ-
ity and waste category. Specifically, there are 19 statistical
classifications of economic activities in the European Com-
munity (NACE) categories and 51 European Waste Charac-
terization (EWC-Stat) classifications based on material type
in the waste stream. Waste treatment residues of waste treat-
ment facilities are considered a secondary waste according
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to WStatR, but they are included in the overall estimate of
waste generation [3].

The EU and the US define MSW similarly, however, in
the context of WStatR, MSW is not explicitly identified.
Instead, MSW is the conglomeration of household waste and
items under the categories for metals, glass, and plastics that
would be found in the MSW. Specifically, household waste is
the 19th classification of the NACE codes and is EWC-Stat
classification 10.1, Item 34 [3].

Waste treatment is classified by WStatR, and energy recov-
ery is classified in the EU based on the R1 energy efficiency
formula. The R1 energy efficiency formula is applied to deter-
mine whether an energy recovery facility is considered WtE
or incineration on the basis of efficiency in energy capture.

In addition to waste generation and waste treatment, the
third data set that must be submitted to Eurostat is on waste
treatment infrastructure. This includes the number of waste
treatment facilities and their maximum capacities and infor-
mation on the percentage of population covered by collec-
tion schemes for household and similar waste [3].

EU member states collect MSW data via a combination
of surveys, administrative and other sources, and statistical
estimation procedures. In terms of waste generation data,
surveys are most effective for businesses because they are
identified with NACE codes through business registration.
Meanwhile, surveys for household waste are more challeng-
ing since there is no household registry. As a result, in the
EU, MSW generation is generally estimated based on meas-
urements from waste treatment facilities [3].

MSW treatment data in the EU are based on surveys of
waste treatment facilities. The facilities are requested by
Eurostat to report the final tonnage of waste treated. Facili-
ties should not report MSW that is processed at the facility
as an intermediate of multi-step processing; they should only
report waste that leaves the facility in its final form. For
example, the temporary storage of waste at a facility is not
accounted for as a final tonnage if it is to be shredded and
processed in another location for final use as refuse derived
fuel. This WStatR guideline in waste treatment facility
reporting helps to reduce double-counting in the site-specific
methodology for MSW statistics [3]. In general, the EU data
collected for waste treatment are the total quantities of waste
that are recycled, recovered, and exported for recycling or
recovery. The tracking of the import and export of waste in
the EU is associated with the tracking of consignment notes
associated with the shipment of waste.

Waste collectors and transporters may also be surveyed
in the collection of waste, however, it can be challenging to
confirm which tonnages that are reported are MSW since
waste collectors often pick up waste from different types of
waste generators [3]. The data in the collection surveys can
be correlated with data provided in waste treatment surveys
to avoid double-counting in the site-specific methodology.
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Table 2 Summary comparison table of EU and US MSW statistics methodologies

EU methodology US methodology

Site-specific Materials flow
Based on measurement of MSW

Does not include WtE as part of “Recovery” if
below an accepted efficiency

Based on estimation from industry production and recovery data for MSW materials

Includes WtE as part of “Recovery”

Does not account for residual waste from recovery operations

Inaccuracies can result from double-counting

Inaccuracies can result from outdated data and general estimations due to lack of state-based

data, especially with regard to food waste. New method may result in higher fidelity

Implementation facilitated by WStatR regulation No US national policy on MSW to assist in implementation of US MSW measurement-based

methodology

WHE, waste-to-energy; WStatR, Waste Statistics Regulation

The site-specific methodology can be employed in the EU
because there is a legislative framework that helps standard-
ize and homogenize data collection and reporting from its
member states, unlike in the US. Each EU member state is
required to report a national quality data report on MSW
management in their respective country to Eurostat every
second year. Each member state has freedom within the
WStatR guidelines of how to collect data and several coun-
tries with advanced waste infrastructures have implemented
computerized data collection systems such as WasteData-
Flow of the UK and the Waste Data System of Denmark.
The municipal agencies within each member state work with
the national environmental agencies to collect waste data.

Discrepancies in MSW methodologies in the EU
and the US

The US and EU methodologies for MSW statistics both have
inherent data gaps and inaccuracies that are acknowledged
by Eurostat and the US EPA, respectively. The primary issue
with the EU methodology is double-counting, and the primary
issue with the materials flow methodology is not accounting
for residues of waste treatment operations. Double-counting
can occur if waste collectors and waste treatment facilities
both report the same waste and if intermediate facilities, i.e.,
storage facilities, mechanical biological treatment (MBT)
facilities include waste that has not yet reached its final waste
treatment facility in its total tonnages. Since the US EPA does
not measure waste streams in the materials flow methodology,
the residue of recovery operations is not accounted for and
may contribute to the discrepancies in the landfilling tonnages
reported by the US EPA compared to WTERT-US and EREF.

Eurostat acknowledges that there are data gaps in the EU
MSW statistics reported in the Eurostat database, specifi-
cally with regard to the reported tonnages of MSW gener-
ated compared to MSW treated. Eurostat refers to this dif-
ference as the “Other treatment” category and explains that
it arises because some member states have to estimate waste
generation in areas that are not covered by MSW collection

schemes. As a result, these member states report a higher
waste generation tonnage than waste treatment tonnage. The
“Other treatment” category also accounts for imports and
exports, weight losses, double-counting of secondary waste
(e.g., landfilling and recycling of residues from incinera-
tion), differences due to time lags, temporary storage, and,
increasingly, the use of pre-treatment, such as MBT [4].

Similar to Eurostat, the US EPA acknowledges that there
are data gaps in the materials flow methodology and identi-
fies them in the 2014 methodology document for specific
material streams in MSW. For paper and paperboard, there
are no current data available for adjustments to account for
the packaging of imported goods, and there are no current
data available for conversion scrap. For metals, there is no
scrap loss data available for non-steel can containers, and
therefore, it is currently assumed to be the same as for steel
cans for the material flow calculations. Also, other aluminum
packaging recovery estimates are not available, so they are
currently estimated to be 0%. For glass, the domestic ship-
ment data do not represent the entire glass industry, there are
missing imports of food and other products in glass contain-
ers, and there may be an issue of double counting in using
the state level recovery data since bottles can be imported
between states. For plastics, the net import adjustment gen-
eration factors for products made with plastics do not cover
all products, the recovery data for durable goods are limited,
and the fabrication loss may be underestimated for some
products. Last, with food waste, the major issue is that mixed
MSW composting surveys that are cited may include non-
food waste in its tonnages. Furthermore, not all commercial
sources are accounted for due to a lack of sampling studies,
and the basis of sampling studies from the state agencies that
are reviewed are from different years (US [11]).

Conclusions
Data gaps exist in both the EU and US MSW methodolo-

gies such as double-counting and lack of available industry
data, respectively. However, analysis of the materials flow
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methodology shows that it may leave room for major inaccu-
racies. Independent national surveys performed by WTERT-
US and EREF yielded data on the generation and landfilling
of US MSW that varied as much as 40% and 60% from the
US EPA reported tonnages, respectively. Table 2 summa-
rizes a comparison of the EU and US MSW methodologies.

In this study, plastics industry data were applied to the
materials flow methodology and results were within 10% of
the US EPA plastics statistics. The industry data provided
insights into what type of data the US EPA cites from indus-
try reports but the data did not enable the authors to demon-
strate exactly how the materials flow calculations are applied
to determine recovery from production data. Nonetheless,
this analysis was the first step toward providing quantitative
insights into the methodology.

Legislation is key to improving the accuracy of US MSW
statistics in the future. Similar to WStatR in the EU, the US
needs to establish a standardized national guideline for waste
data collection and reporting that would enable the US EPA
to determine MSW trends based on measured state data and
consequently, facilitate more targeted and effective ways that
the US can sustainably manage its waste.

In addition to the discrepancies just discussed, there may
be other possible sources that could lead to significant dif-
ferences between US and EU information. For example, in
The 2017 Waste Characterization Study by the US EPA,
data were obtained during the spring, summer and fall sea-
sons. It is likely that waste composition differs in the winter
months due to holidays and changes in consumer habits.
Thus, the data may not reflect an average sampling of waste
composition. Depending on when data are obtained in the
EU, a similar bias may occur.

In the US, waste characterization studies are con-
ducted through a hand-sorting process that relies on the
presence of the recycling symbol and polymer number
on the individual plastic item. In 2017, a large portion
(24% and 23,303 tons) of plastics collected in MGP were
characterized as “Other/Unlabeled”. However, the ability
of a human to properly categorize a plastic type does not
necessarily reflect how the material will be sorted by the
optical scanners at MRFs. For example, an unusual, unla-
beled PET container would be sorted in the 2017 Waste
Characterization Study as “Other/Unlabeled”, but the NIR
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technology at the MRF may still be able to identify the
item as PET and sort it. Here again, a similar situation
may occur in the EU.
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