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5.6.1 Introduction, Context, and Goals

Introduction and Context

In addition to other realities, the 2020 pandemic brought into sharp focus the startling 
consequences of human overuse and misuse of natural resources and related ecosystem 
stresses. As national and regional policies realign in order to respond to this threat, it 
is essential that opportunities are identified to shed old, costly, and carbon-inefficient 
materials (waste) management facilities, processes, and systems. This chapter of the Zero 
Carbon Action Plan (ZCAP) covers materials management. The primary focus is on the 
life cycle of consumer products packaging materials, currently and historically managed 
as waste after the end of their period of initial use. This group of materials is widely 
referred to as municipal solid waste (MSW), but this chapter also includes items from 
institutional, business/commercial, and residential sources. In addition to “traditional” 
materials like glass, metals, plastic, and paper, a few other materials are briefly addressed, 
such as construction, demolition, and disaster debris, food waste, and other organic 
material. Other ZCAP chapters, such as buildings (chapter 5.5) and land (chapter 5.3), 
touch on materials management as well. Coupled with “green” manufacturing initiatives, a 
progressive response to materials management will not only help to safeguard human and 
ecosystem health through significant greenhouse gas (GHG) reductions, but also provide 
economic stimulus for “clean” industries and job creation.

As Figure 5.6.1 depicts, one estimate has more than 40 percent of the climate impact in the 
U.S. comes from the materials and food consumed. This includes the entire supply chain, 
from manufacturing, transportation, and usage, to final disposition of the materials. This 
is called “consumption emissions.”¹
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Figure 5.6.1. System-based GHG Inventory – U.S. (Domestic Emissions) ("Smokestacks", 2020).

Sustainable Materials Management (SMM) with associated and embedded zero waste and 
circular economy goals, provides a progressive response of deep decarbonization that 
is intrinsically linked to sustainable development. These combined concepts represent 
a valuable perspective for decoupling resource consumption from industrial growth 
and economic value creation, moving from extractive to regenerative processes, and 
reducing carbon use resulting in a commensurate decrease in GHGs. While industrialized 
societies have achieved gains in resource efficiency and materials recycling, total material 
throughput continues to rise. As the world’s developing economies increase consumption 
rates, environmental pressures continue to accelerate.² This also includes increased GHG 
production.

A truly integrated materials management approach must recognize the physical, 
ecological, and economic implications of SMM policies, and assure that the burden is not 
shifted elsewhere. Policy integration should address SMM issues in a way that transcends 
traditional boundaries between substances, material categories, environmental media, 
and industry sectors. Fiscal tools are needed that help transition from subsidizing 
extractive industries to supporting circular economy activities. Focus should be on the 
entire life cycle of materials from extraction to end of life, and include externalities such 
as GHG production. An integrated approach toward SMM will provide a starting point for 
advancing a more sustainable global society, with significantly reduced GHG emissions, 
and increased environmental and social well-being.³
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Integrating SMM principles and practices into everyday life will result in many positive 
externality-focused benefits. For example, sustainability, greenhouse gases, and 
decarbonization are intangible concepts to many people. The average person likely does 
not recognize the GHGs they emit on a daily, monthly, or yearly basis. These are difficult 
to track and hard to quantify. However, with some effort, a person can clearly see and 
measure the amount of material they produce over any given time span. SMM is tangible 
and can act as a gateway in creating a strong environmental ethic, leading people to take 
interest in additional decarbonization actions.

Goals of Chapter Recommendations

SMM, with associated and embedded zero waste, circular economy, and zero-carbon goals, 
should be embraced as U.S. national policy.

The U.S. needs to play a foundational role accelerating the global transition to a just, 
resource-efficient, circular, and climate-neutral economy, with zero-carbon as a primary 
objective. It cannot do this without addressing the current economic and consumption 
model and associated materials management schemes. To more rapidly reach zero-carbon 
objectives, the U.S. must also address a multitude of issues and challenges related to 
materials management, including, but not limited to:

• Implementation of product stewardship and extended producer responsibility initiatives
• Fragmentation and distributed policy authority
• Outdated federal policy
• Disassociation and distraction
• An unlevel playing field
• Difficult materials (such as plastics)
• “Chemical recycling”
• Waste-to-Energy impacts

To accelerate toward SMM, zero waste, and circular economy solutions, policy emphasis 
needs to be at, and change needs to emanate primarily from the Federal Government. 
While there are many successful state, local, private, and public-private accomplishments 
in the field of materials management, progress has been unacceptably slow, with 
discarded materials increasing in quantity and continuing to pose other environmental 
and public health impacts. The default with this chapter is on federal action, but some 
international, state, local, and private sector initiatives, and technology needs are 
addressed.

Federal action includes the need for the U.S. Congress to develop a comprehensive 
suite of policy changes and fiscal tools to move from subsidizing extractive industries to 
supporting circular economy activities and SMM; including, but not limited to: a national 
beverage container deposit act, material bans (such as single-use plastics), promotion of 
product stewardship, requiring comprehensive SMM plans for large organizations, and 
banning organic material from disposal facilities. Model SMM legislative initiatives and 
other progressive actions should be promoted that states and local governments could 
adopt from their peers. New technology opportunities and other strategies should be 
incentivized by the Federal Government to achieve zero-carbon through SMM at facilities 
and institutions, and new, related academic research and development activities should be 
supported.
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In addition, the U.S. needs to play a leadership role on the international scene with zero-
carbon as a core goal, attained in part through SMM and circular economic objectives 
included in free-trade agreements; bilateral, regional, and multilateral processes and 
agreements; and in U.S. external policy funding instruments.

The set of specific foreign, federal, and state and local policy recommendations included 
in this chapter form a foundation that will optimize material use and management with 
commensurate reduction in carbon use and GHG production.

5.6.2 Background

A Short History of U.S. Materials Management (Solid Waste 
Management)
Funding and the availability of resources at the local, state, regional, and federal levels 
for programs focused on education, new management infrastructure (e.g., recycling 
facilities), and research and development related to solid waste (materials) management 
experienced an exponential increase, particularly from 1990 to around 2010. This included 
efforts intended to change consumer buying habits – the goals being to encourage 
the choice of products with less packaging, higher-recycled content, and increased 
recyclability – and to affect behavior change regarding disposal habits (i.e., choose 
recycling and composting instead of disposal). During the last few decades, despite these 
investments and initiatives, and associated changes in packaging materials – such as 
lightweighting and the availability of new materials from the consumer products and 
materials industries – the total of discarded materials continued to increase.i In addition, 
the reliance on inefficient, polluting, and GHG generating disposal facilities, such as 
landfills, continued to be the method of management choice. Figure 5.6.2 depicts the most 
recent U.S. Environmental Protection Agency (EPA) data relating to MSW productionii and 
management.⁴ In 1960, each person on average disposed of 2.68 pounds of solid waste 
per day. Since 2000, this rate fluctuated from 4.74 to 4.51 in 2017—one of the lowest since 
1990; but still, unacceptably high (nearly one ton per person, per year).⁵ As reported in The 
Guardian in July 2019: 

The U.S. produces far more garbage and recycles far less of it than [low- and middle-
income] countries, according to a new analysis by the global risk consulting firm Verisk 
Maplecroft [Figure 5.6.2].⁶ These figures emerge as the world faces an escalating waste 
crisis driven largely by plastics piling up in [low- and middle-income] countries and 
the oceans. The U.S. is at a crossroads as China and other [low- and middle-income] 
countries refuse to continue to accept its waste. The U.S. represents just 4 percent of 
the world’s population, but it produces 12 percent of global MSW. In comparison, China 
and India make up more than 36 percent of the world’s population and generate 27 
percent of that waste. While [the U.S. recycles around 35 percent of its] municipal waste, 
Germany, the most efficient country, recycles 68 percent. [Verisk] estimates the U.S. 
produces about 234 pounds of plastic waste per person per year.⁷

i  Lightweighting refers to the design of lighter-weight packages and the purposeful reduction in materials in 
packaging, such as using thinner aluminum or plastic for beverage containers.
ii  It is widely understood by materials management practitioners that EPA’s waste generation numbers are 
underestimated, which means that all of the following assumptions about the potential GHG reductions from 
high levels of source reduction and recycling are also underestimated, and therefore conservative numbers.
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Figure 5.6.2. MSW management – 1960-2017 ("National Overview", 2020).

Figure 5.6.3. Share of Global Population and Municipal Solid Waste (MSW) for G20 Countries ("U.S. Tops 
Countries Fuelling the Mounting Waste Crisis", 2020).
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Furthermore, recycling – a perceived panacea solution – has plateaued and seen minimal 
progress for nearly two decades.⁸ Grassroots-recycling that swept the nation in the last 
generation made recycling and economic growth the focus of materials management. By 
2000, the recycling sector comprised 56,000 companies, tens of thousands of government 
programs, 1.5 million jobs, and annual sales of $300 billion. In percentage of total MSW 
generation, recycling (including composting) did not exceed 15 percent until 1990. Growth 
in the recycling rate was significant over the next decade, but slowed and eventually 
stagnated by the 2000’s. While some cities and towns have reached 50, 60, and even 70 
percent recycling rates, most major U.S. cities recycle at 20 percent or less.⁹ The national 
recycling rate in 2000 was about 29 percent, and grew to 35 percent in 2017.¹⁰ However, it is 
expected that 2019 data will likely show a drop below 35 percent, “and [recycling] shows no 
signs of picking up steam again.”¹¹

Source, or waste reduction, has been at the top of the solid waste management hierarchy 
for decades. Some progress has been made with this “upstream” approach (eliminate 
the material before it enters the management system), but not at the levels needed to 
reverse the waste generation realities of the U.S. as noted in Figures 5.6.1 and 5.6.2. 
Over the last decade or so, a number of successful initiatives have advanced, including 
materials lightweighting, localized bans of unsustainable materials, like single-use 
plastics (e.g., plastic bags), and some product stewardship programs. In addition, there 
has been an uptick in consumer preference for multi-use product options over single-use. 
Society’s “behavior of convenience,” and individuals’ need for expediency creates some 
challenges for source reduction. Nevertheless, the shift away from the disposable culture 
continues to expand with NGOs like the 5 Gyres Institute, Beyond Plastics, the Center for 
International Environmental Law, the Global Alliance for Incinerator Alternatives (GAIA), 
the National Recycling Coalition (NRC), the Plastics Pollution Coalition, the Post-Landfill 
Action Network (PLAN), The Story of Stuff Project, the Surfrider Foundation, the Upcycle 
Movement, Upstream, the U.S. Green Building Council (USGBC) TRUE Certification 
Program, Zero Waste International Alliance, Zero Waste USA, and others leading the way, 
but much more must be done.

U.S. Senator Tom Udall and U.S. Representative Alan Lowenthal, in an August 2020 memo 
to the National Caucus of Environmental Legislators, made the following observation:

The current linear model of handling … waste has only been exacerbated over time by 
increases in population and ever growing consumer appetite. In order to get it under 
control, we need to return to principles of product stewardship and circularity to ensure 
that we get a handle on our waste and address the environmental, economic, and health 
impacts that are straining our system.¹²

Greenhouse Gas Implications of Materials Management

The greenhouse gases (GHG) of concern in the materials management area include 
carbon dioxide (CO₂), mainly from energy use (e.g., manufacture and transportation, and 
processing of materials), and methane (CH₄), primarily from emissions (e.g., landfills). In 
September 2006, the EPA released the third edition of the report: Solid Waste Management 
and Greenhouse Gases: A Life-Cycle Assessment of Emissions and Sinks.¹³ While somewhat 
dated, the overall framework and premise of the report remains valid.
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It outlines that:

The materials in MSW largely represent what is left over after a long series of steps: 
(1) extraction and processing of raw materials, (2) manufacture of products, (3) 
transportation of materials and products to markets, (4) use by consumers, and (5) 
waste management. Virtually every step along this “life cycle” impacts GHG emissions. 
Solid waste management decisions can reduce GHGs by affecting one or more of the 
following: (1) Energy consumption (specifically, combustion of fossil fuels) associated 
with making, transporting, using, and disposing the product or material that becomes 
a waste; (2) Non Energy-related manufacturing emissions, such as the CO₂ released 
when limestone is converted to lime (e.g., steel manufacturing); [and] (3) CH₄ emissions 
from landfills where the waste is disposed. … [These] mechanisms add GHGs to the 
atmosphere and contribute to global warming.¹⁴

However, different materials and materials management options have different 
implications for energy consumption (including associated CO₂ challenges) and CH₄ 
emissions. “Source reduction and recycling of paper products, for example, reduces 
energy consumption, and decreases combustion and landfill emissions.”¹⁵

The EPA targeted the material constituents of MSW as those “most likely to have the 
greatest impact on GHGs.”¹⁶ The determination of what materials to include was “based on 
(1) the quantity generated, (2) the differences in energy use for manufacturing a product 
from virgin versus recycled inputs, and (3) the potential contribution of materials to CH₄ 
generation in landfills.”¹⁷ By this process, EPA limited the analysis to 21 single-material 
items. These include, but are not limited to aluminum and steel cans; glass; three types 
of plastic—HDPE (high-density polyethylene), LDPE (low-density polyethylene), and PET 
(polyethylene terephthalate); six categories of paper products, including corrugated 
cardboard, magazines/third-class mail, newspaper, and office paper; food discards; and, 
yard trimmings. The 21 materials constituted more than 65 percent of MSW by weight.¹⁸ 
“In addition to the materials listed above, EPA examined the GHG implications of 
managing mixed plastics, mixed metals, mixed organics, mixed recyclables, mixed MSW, 
and three definitions of mixed paper.”¹⁹

EPA developed:

… a streamlined life-cycle inventory for each of the selected materials. The analysis 
is streamlined in the sense that it examines GHG emissions only and is not a 
comprehensive environmental analysis of all emissions from municipal solid waste 
management options. EPA focused on those aspects of the life cycle that have the 
potential to emit GHGs as materials change from their raw states to products and then 
to waste. … EPA examined the potential for these effects at the following points in a 
product’s life cycle:

 › Raw material acquisition (fossil fuel energy and other emissions, and changes in forest 
carbon sequestration);

 › Manufacturing (fossil fuel energy emissions); and
 › Waste management (CO₂ emissions associated with composting, non-biogenic CO₂ and 

N₂O emissions from combustion, and CH₄ emissions from landfills); these emissions 
are offset to some degree by carbon storage in soil and landfills, as well as avoided 
utility emissions from energy recovery at combustors and landfills.
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At each point in the material life cycle, EPA also considered transportation-related 
energy emissions. Estimates of GHG emissions associated with electricity used in the 
raw materials acquisition and manufacturing steps are based on the nation’s current 
mix of energy sources, including fossil fuels, hydropower, and nuclear power. However, 
when estimating GHG emission reductions attributable to utility emissions avoided, 
the electricity use displaced by waste management practices is assumed to be 100 
percent fossil derived. EPA did not analyze the GHG emissions typically associated 
with consumer use of products because the primary concern of this report was end-
of-life management. Also, with a fully decarbonized grid, the mitigation potential with 
materials occurs largely with their processing and disposal, not use. Furthermore, the 
energy consumed during use would be approximately the same whether the product 
was made from virgin or recycled inputs. To apply the GHG estimates developed in this 
report, one must compare a baseline scenario with an alternative scenario, on a life 
cycle basis. For example, one could compare a baseline scenario, where 10 tons of office 
paper are manufactured, used, and landfilled, to an alternative scenario, where 10 tons 
are manufactured, used, and recycled.²⁰

In addition, EPA noted: “In order to support a broad portfolio of climate change mitigation 
activities covering a range of GHGs, various methodologies for estimating emissions 
are needed. The primary result of this research is the development of material-specific 
GHG emission factors that can be used to account for the climate change benefits of 
waste management practices.”²¹ To meet this challenge, EPA eventually created the 
Waste Reduction Model (WARM) to report and track GHG emissions reductions, energy 
savings, and economic impacts from different solid waste management practices. “WARM 
calculates and totals these impacts from baseline and alternative waste management 
practices—source reduction, recycling, anaerobic digestion, composting, combustion, 
composting, and landfilling.”²²

EPA concluded that sustainable “management of MSW presents many opportunities for 
GHG emission reductions. [For instance,] source reduction and recycling can reduce GHG 
emissions at the manufacturing stage, increase forest carbon sequestration, and avoid 
landfill CH₄ emissions.”²³ “Source reduction, in general, represents an opportunity to 
reduce GHG emissions in a significant way. For many materials, the reduction in energy-
related CO₂ emissions from the raw material acquisition and manufacturing process, and 
the absence of emissions from waste management, combine to reduce GHG emissions 
more than other options do.²⁴ “Through source reduction (for example, lightweighting a 
beverage can—using less aluminum for the same function), GHG emissions throughout 
the life cycle are avoided. In addition, when paper products are source reduced, additional 
carbon is sequestered in forests, through reduced tree harvesting.

“For most materials, recycling represents the second best opportunity to reduce GHG 
emissions. For these materials, recycling reduces energy-related CO₂ emissions in the 
manufacturing process (although not as dramatically as source reduction) and avoids 
emissions from waste management. Paper recycling [also] increases the sequestration of 
forest carbon.”²⁵ Project Drawdowniii estimates that recycling could be responsible for 5.5-
6.02 gigatons of CO₂E reduced or sequestered from 2020-2050.²⁶

iii  Project Drawdown’s mission “is to help the world reach ‘Drawdown’ – the point in the future when levels of 
greenhouse gases in the atmosphere stop climbing and start to steadily decline, thereby stopping catastrophic 
climate change – as quickly, safely, and equitably as possible.” (See “Mission Statement”, Project Drawdown).
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Composting is a management option for food discards, yard trimmings, and other organic 
material. EPA concluded that: “The net GHG emissions from composting are lower 
than landfilling for food discards (composting avoids CH₄ emissions), and higher than 
landfilling for yard trimmings (landfilling is credited with the carbon storage that results 
from incomplete decomposition of yard trimmings).”²⁷ However, EPA did not look at all 
types of composting, such as an increase in backyard, or composting done by individual 
households and small businesses. In addition, “addressing the possible GHG emission 
reductions and other environmental benefits achievable by applying compost [to soil] 
instead of chemical fertilizers, fungicides, and pesticides was beyond the scope of [their 
analysis]. To the extent that compost may replace or reduce the need for these substances, 
composting may result in reduced energy-related GHG emissions.”²⁸ EPA also evaluated 
the effect of compost application on soil carbon storage, concluding that “it is reasonable 
to expect that [compost is effective at storing] carbon.”²⁹ If these additional considerations 
were included, the scale is tipped in favor of composting over landfilling, in regards to 
GHG emissions. Project Drawdown estimates that composting could be responsible for 
2.14-3.13 gigatons of CO₂e reduced or sequestered from 2020-2050.³⁰

Appendix 6.5 includes a comprehensive table that depicts per ton estimates of GHG 
emissions for baseline and alternative management scenarios (such as source reduction, 
recycling, landfilling, combustion, composting, and digestion) for 62 different materials. 
A few examples of the more common materials are depicted below, all which show 
sizable reductions in GHGs through source reduction, recycling, and composting versus 
landfilling and combustion.

• Corrugated Cardboard: 5.58 MtCO₂e reduced through source reduction and 3.14 MtCO₂e 
reduced through recycling, versus 0.49 MtCO₂e reduced through combustion and 0.26 
MtCO₂e increased through landfillingiv

• Food Waste: 3.66 MtCO₂e reduced through source reduction and 0.18 MtCO₂e reduced 
through composting, versus 0.13 MtCO₂e reduced through combustion and 0.54 MtCO₂e 
increased through landfilling

• PET Plastic (beverage containers): 2.17 MtCO₂e reduced through source reduction 
and 1.15 MtCO₂e reduced through recycling, versus 1.24 MtCO₂e increased through 
combustion and 0.02 MtCO₂e increased through landfilling

• Aluminum Cans: 4.80 MtCO₂e reduced through source reduction and 9.13 MtCO₂e 
reduced through recycling, versus 0.03 MtCO₂e increased through combustion and 0.02 
MtCO₂e increased through landfillingv

In 2009, the EPA undertook an effort to estimate potential GHG reductions through the 
implementation of a few aggressive SMM strategies. Table 5.6.1 shows the results for 
various SMM targets through source reduction, reuse, and recycling approaches. While 
this information is somewhat dated, it offers a glimpse at the potential reductions in GHGs 
that could be assumed through SMM practices.

iv  MtCO₂e: Million tons of carbon dioxide equivalents.
v  It is widely understood by materials management practitioners that EPA’s waste generation numbers are 
underestimated, which means that all of the assumptions about the potential GHG reductions from high levels 
of source reduction and recycling are also underestimated, and therefore, conservative numbers.
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Table 5.6.1: Estimated GHG Reductions for Implementation of Some Aggressive SMM 
Strategies³¹

Source Reduction Reduce packaging use by: 50%
25%

40-105 MMtCO₂ e/yrvi

20-50 MMtCO₂ e/yr

 Reduce use of non-packaging 
paper products by: 

50%
25%

20-70 MMtCO₂e/yr
10-35 MMtCO₂e/yr

Reuse/Recycling
 

Increase recycling of 
construction and demolition 
debris to: 

100%
50%
25%

150 MMtCO₂e/yr
75 MMtCO₂e/yr
40 MMtCO₂e/yr

 Increase national MSW 
recycling and composting rate 
from 2006 rate (32.5%) to: 

100%
50%

300 MMtCO₂e/yr
70-80 MMtCO₂e/yr.

 Increase composting of food 
scraps from 2006 rate (2%) to:

100%
50%
25%

20 MMtCO₂e/yr
10 MMtCO₂e/yr
5 MMtCO₂e/yr

Also in 2009, Skumatz Economic Research Associates (SERA) published a paper comparing 
a few SMM alternatives to a variety of energy efficiency (EE) initiatives.

[The intent was to show that although data from] the EPA indicates that electricity 
and energy use by buildings is responsible for the lion’s share of [GHG] emissions, 
and solid waste / waste management is only responsible for about 3 percent of GHG 
emissions sources, [this] provides a misleading indication of the importance of [some] 
solid waste strategies in achieving reductions in GHGs. ... For key program types, solid 
waste programs are a cheaper means of achieving GHG reductions than are typical EE 
programs. [The SERA study results] illustrate that, although a review of the sources of 
emissions would lead to the conclusion that EE programs are the largest source of GHG, 
that fact is only part of the picture. Typical recycling programs … may be the “low-
hanging fruit,” as they represent less expensive methods of achieving reductions in 
GHG.³² … Key to SERA’s computations is the fact that recycling achieves not only direct 
reductions from the landfills, but provides ‘upstream’ production savings.³³

The study highlighted that curbside recycling, for example, represented 0.6 to 0.7 times 
the cost of commercial EE efforts—their baseline EE method. By way of example, and to 
put this in perspective, residential EE was three times as expensive as commercial EE; 
wind energy, 7-8 times as expensive; and photovoltaics, 18-25 times. Organic composting 
was four times as expensive. Job creating and economic development impacts for curbside 
recycling were identified by the study as the lowest of all the energy efficiency efforts they 
reviewed. As a result of their analysis, they recommend that when considering alternative 
strategies for reaching climate change goals, recycling should be included in the “first tier” 
of programs, “as a cost-effective, big-bang, and ‘quick hit’ set of strategies toward GHG 
reductions.”³⁴

vi  MMtCO₂e/yr: Million metric tons of carbon dioxide equivalents per year.
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5.6.3 A Refined Management Framework: Sustainable 
Materials Management, Zero Waste, and the Circular 
Economy
As supported by the data and conclusions above, a fundamentally refined and accelerated 
materials management approach must be part of a comprehensive zero-carbon plan. This 
includes more effectively reducing waste before it enters management systems, moving 
from single-use practices to the reuse of more materials, increasing the composting and 
anaerobic digestion of organic materials, and recycling, all with the intent to:

• Decrease the use of carbon and the generation of GHGs, particularly CO₂;
• Divert materials from disposal facilities that pose a plethora of environmental and 

societal ills; and
• Foster a circular economy, including the creation of jobs and wealth through a just 

transition, with environmental and social justice as guiding principles.

Embracing sustainable materials management (SMM), with the dual goals of achieving 
“zero waste” and developing a circular economy is the recommended framework to 
achieve these objectives.

Sustainable Materials Management

SMM is an integrated approach toward managing material life cycles to achieve economic 
efficiency, environmental viability, and social equity. Material life cycles include all human 
activities related to material selection, exploration, extraction, transportation, processing, 
consumption, recycling, and disposal.³⁵ SMM is a framework that strives to preserve 
natural capital by increasing resource productivity, reducing material throughputs, 
and reusing and recycling materials to such a degree that depletion of natural capital is 
minimized and ecosystem services maintained. The objective is to maximize positive, and 
minimize negative environmental, economic, and social outcomes across entire product 
life cycles, as well as at every stage of the cycle.

Strategies for SMM can generally be separated into two categories: dematerialization and 
detoxification.

Dematerialization refers to the reduction of material throughput in an economic system. 
It can include the following approaches: increase of material efficiency in the supply 
chain, thus reducing waste; eco-design of products to reduce mass, packaging, or life-cycle 
energy requirements; reduction of transport in the supply chain, thus reducing fuel and 
vehicle utilization; recovery and beneficial recycling of post-industrial or post-consumer 
wastes, or substitution of services for products.³⁶ This includes the combination of various 
conservation strategies, such as reducing the amount of materials needed to provide the 
function required (source reduction), extending the service life of products, developing 
more sustainable materials and materials management processes, and eliminating the 
concept of waste in part by ensuring that there are robust markets to reutilize post-
industrial and post-consumer materials.
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A goal of dematerialization is to recover more value out of the materials economy. This 
is related to the principle of optimal use of materials, including industrial symbiosis, 
where outputs from an industrial system become inputs for another. It is also related to 
the essential role SMM plays in establishing local and larger-scale circular economies, and 
reducing carbon use and GHG emissions. This concept is explored further in Chapter 4.3 
(State and Cities for Climate Action).

Most recently, dematerialization is manifesting itself through a variety of deliberate and 
accelerated efforts to eliminate single-use products, primarily those made from plastic. It 
also includes a focus on changing the culture and behavior of convenience.

Detoxification refers to the prevention or reduction of adverse human or ecological effects 
associated with materials use, and includes approaches such as material substitution, 
cleaner technologies, and the reduction of fossil fuel combustion and GHG emissions 
associated with current production, logistics, and end-of-life systems. The key to SMM 
is to understand and mitigate the adverse impacts of material flows upon ecological and 
societal systems rather than simply constraining material flows.³⁷ Figure 5.6.4 below 
identifies the stages of SMM.³⁸

Figure 5.6.4. Sustainable Materials Management ("Sustainable Materials", 2015).
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SMM prioritizes the need to ensure the recovery of valuable materials, provide consistent 
guidance to consumers about materials and materials management choices, progressively 
phase out materials for better alternatives, quantify the carbon footprint of manufacturing 
for specific materials, ethically/equitably source raw materials, and provide for security 
of materials supply. For the purposes of the ZCAP, the implicit focus is on the following 
items:

• Aluminum
• Construction and demolition debris
• Disaster debris
• Glass
• Marine debris
• Paper
• Plastics
• Organics, including food waste
• Single use items
• Steel

A summary of SMM prioritized approaches and a few select options:

Source Reduction, including:

• Providing incentives and subsidies for alternatives to extractive industries;
• Requiring product stewardship, closed-loop packaging, and identifying relevant 

producers of products and establishing policy, financial, and/or operational obligations 
for them to manage the waste stage of the product life cycle, including:
• Reducing overpackaging and packaging waste,
• Reducing the complexity of packaging materials (including the number of materials 

and polymers), and
• Product redesign (including recycled content increases);

• Developing education, outreach, and marketing efforts targeting behavior change with 
the goal of decreasing the demand for wasteful materials, and resulting in decreased 
carbon consumption, thereby reducing GHG emissions.

Reuse, including:

• Providing incentives and subsidies to drive markets for “refurbished” goods (enabling 
used goods to more fully enter the marketplace and compete)—the longer-term outcome 
is to “normalize” used and refurbished goods;

• Realizing the benefit markets could receive from a marketplace for material sale and 
exchange (connect recycled, reused and refurbished as well as surplus goods to markets 
and organizations that are looking to sell or buy products and materials—an online 
marketplace);

• Encouraging repair and extending the lifespan of products through “right to repair” 
legislation, and reward systems to return old devices; and
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• Support diversion providers that already have infrastructure in place and name 
recognition (Goodwill, Habitat for Humanity, Salvation Army, etc.), and successful and 
emerging reuse models, such as companies like GoBox, GoPak, Loop, and Vessel that 
are creating systems of reusable and returnable packaging (these business models are 
showing a way to deliver goods without wasteful packaging).

Recycling, including:

• Increased recognition of the varied societal and environmental benefits of recycling. 
To exemplify potential benefits of increased recycling for some traditionally collected 
materials, EPA’s WARM tool was used in July 2020 to estimate impacts related to a five 
percent increase in the recovery of each of four materials nationwide: aluminum and 
glass, and HDPE and PET plastic containers. Factors such as GHG emissions, energy use, 
wages, taxes, and employment were analyzed, as follows:
• Total decrease in GHG emissions (MtCO₂e) per each 5 percent increase: 960,484.38;
• Total decrease in energy use (million BTU) per each 5 percent increase: 19,667,046.76;
• Total increase in wages per each 5 percent increase: $628,544,091.98;
• Total increase in taxes per each 5 percent increase: $100,078,654.82;
• Total increase in employment (labor hours) per each 5 percent increase: 279,70213.27; 

andvii

• Incentivizing and providing technical assistance devoted to local market development 
and job creation.

Composting, and food discard and organics management, includingviii:

• Changing laws which prohibit restaurant composting;
• Enabling access at all levels of society (all people/businesses should be able to access 

services/facilities);
• Following the food waste hierarchy of: (1) reduce the amount of food at the source, (2) 

feed excess food to people, (3) feed left-over food to animals, (4) compost what remains, 
and (5) anaerobically digest if necessary (e.g., mandate businesses and institutions 
recover/recycle food scraps, and mandate private haulers and management facilities to 
establish needed infrastructure to properly manage these materials);

• Reducing food discards and increasing edible food redistribution in food wholesale, 
retail, and food service through setting ambitious reduction goals and actions including: 
implementing tracking software and other tools (e.g., Leanpath—a creative food waste 
prevention and technology solution) to reduce over-purchasing, avoidable food waste, 
and redirect edible food to local charities to reduce food insecurity (target larger 
generators first); and

vii  It is widely understood by materials management practitioners that EPA’s waste generation numbers are 
underestimated, which means that all of the assumptions about the potential GHG reductions from high levels 
of source reduction and recycling are also underestimated, and therefore conservative numbers.
viii  This could reduce the single largest component of the waste stream. Food waste and yard debris account 
for 35 percent or more of the waste stream in most cities—more in cities with year-round plant growth. 
Composting leads to creation of good jobs and small businesses, healthier soils, and local food production. 
Composting has year-round and local markets. It also conserves water and reduces greenhouse gasses by 
sequestering carbon dioxide from the atmosphere (see Seldman, “Monopoly”). The goal should be no organics 
going to landfills/incinerators.
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• Address the reality of food deserts (and associated environmental justice implications), 
which drive people to purchase highly-packaged staples from the “corner gas station,” 
adding to the discard of single-use materials.

Zero Waste

The Zero Waste International Alliance (ZWIA) was established to develop standards 
intended to better define, and guide the development of zero waste efforts globally. 
ZWIA defines zero waste, as “the conservation of all resources by means of responsible 
production, consumption, reuse, and recovery of products, packaging, and materials 
without burning and with no discharges to land, water, or air that threaten the 
environment or human health.”³⁹ Zero waste practitioners are striving to achieve at least a 
90 percent reduction from a baseline year of all materials discarded in landfills and none 
in facilities using temperatures above 200 degrees F by a self-identified future date.

ZWIA articulated the Zero Waste Hierarchy and a set of Zero Waste Business Principles, as 
follows: 

All over the world, in some form or another, a pollution prevention hierarchy is 
incorporated into recycling regulations, solid waste management plans, and resource 
conservation programs that include recovery prior to landfill. Many organizations 
focused on this [3rd R, (materials recovery)] instead of the top of the hierarchy [source 
reduction and reuse] resulting in costly systems designed to destroy materials instead 
of systems designed to reduce environmental impact and properly manage resources. 
Because of this, along with other resource destruction systems that have been emerging 
over the past few decades, the Zero Waste International Alliance adopted the only 
internationally peer reviewed Zero Waste Hierarchy that focuses on the first 3 Rs: 
Reduce, Reuse and Recycle (including Composting).

Purpose of Hierarchy:

The Zero Waste Hierarchy describes a progression of policies and strategies to support 
the Zero Waste system, from highest and best, to lowest use of materials. It is designed 
to be applicable to all audiences, including policymakers, industry, and individuals. 
It aims to provide more depth to the internationally recognized 3 Rs (Reduce, Reuse, 
Recycle); to encourage policy, activity and investment at the top of the hierarchy; and to 
provide a guide for those who wish to develop systems or products that move us closer to 
zero waste. It enhances the zero waste definition by providing guidance for planning and 
a way to evaluate proposed solutions.⁴⁰

Zero Waste Business Principles:

The Zero Waste Business Principles serve as the basis for evaluating the commitment of 
companies to achieve zero waste.

Commitment to the triple bottom line – We ensure that social, environmental and 
economic performance standards are met together. We maintain clear accounting 
and reporting systems and operate with the highest ethical standards for our investors 
and our customers. We produce annual environmental or sustainability reports that 
document how we implement these policies. We inform workers, customers and the 
community about life cycle environmental impacts of our production, products, or 
services.
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Use Precautionary Principle – We apply the precautionary principle before introducing 
new products and processes, to avoid products and practices that are wasteful or toxic.ix

Zero waste to landfill or incineration – We divert more than 90 percent of the solid 
wastes we generate from landfill from all of our facilities. No more than 10 percent 
of our discards are landfilled. No solid wastes are processed in facilities that operate 
above ambient biological temperatures (more than 200 degrees F) to recover energy or 
materials.

Responsibility – Take back products and packaging. We take financial and/or physical 
responsibility for all the products and packaging we produce and/or market under 
our brand(s), and require our suppliers to do so as well. We support and work with 
existing reuse, recycling, and composting operators to productively use our products 
and packaging, or arrange for new systems to bring those back to our manufacturing 
facilities. We include the reuse, repairability, sustainable recycling, or composting of our 
products as a design criterion for all new products.

Buy reused, recycled and composted – We use recycled content and compost products 
in all aspects of our operations, including production facilities, offices and in the 
construction of new facilities. We use LEED-certified or equivalent architects to design 
new and remodeled facilities as green buildings. We buy reused products where they 
are available, and make our excess inventory of equipment and products available for 
reuse by others. We label our products and packaging with the amount of post-consumer 
recycled content and for papers. We label if chlorine-free and forest-friendly materials 
are used. Labels are printed with non-toxic inks—no heavy metals are used.

Prevent pollution and reduce waste – We redesign our supply, production and 
distribution systems to reduce the use of natural resources and eliminate waste. We 
prevent pollution and the waste of materials by continual assessment of our systems and 
revising procedures, policies, and payment policies. To the extent our products contain 
materials with known or suspected adverse human health or negative environmental 
impacts, we notify consumers of their content and how to safely manage the products at 
the end of their useful life according to the take-back systems we have established, and 
shall endeavor to design them out of the process.

Highest and best use – We continuously evaluate our markets and direct our discarded 
products and packaging to recover the highest value according to the following 
hierarchy: reuse of the product for its original purpose, reuse of the product for an 
alternate purpose, reuse of its parts, reuse of the materials, sustainable recycling of 
inorganic materials in closed loop systems, sustainable recycling of inorganic materials 
in single-use applications, composting of organic materials to sustain soils and avoid 
use of chemical fertilizers, and composting or mulching of organic materials to reduce 
erosion and litter and retain moisture.

ix  The precautionary principle refers to the need to exercise caution based on the potential for negative 
impacts, though extensive data on the issue might not yet be available.
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Economic incentives for customers, workers and suppliers – We encourage our 
customers, workers and suppliers to eliminate waste and maximize the reuse, recycling, 
and composting of discarded materials through economic incentives and a holistic 
systems analysis. We lease our products to customers and provide bonuses or other 
rewards to workers, suppliers, and other stakeholders that eliminate waste. We use 
financial incentives to encourage our suppliers to adhere to zero waste principles. 
We evaluate our discards to determine how to develop other productive business 
opportunities from these assets, or to design them out of the process in the event they 
cannot be sustainably re-manufactured.

Products or services sold are not wasteful or toxic – We evaluate our products and 
services regularly to determine if they are wasteful or toxic and develop alternatives to 
eliminate those products which we find are wasteful or toxic. We do not use products 
with persistent organic pollutants (POPs), PVC, or polystyrene. We evaluate all our 
products and offer them as services if we can do so by our own company. We design 
products to be easily disassembled to encourage reuse and repair. We design our 
products to be durable, to last as long as the technology is in practice. We phase out the 
use of unsustainable materials, and develop the technology to do so. Our products can 
easily be re-made into the original product.

Use non-toxic production, reuse and recycling processes – We eliminate the use of 
hazardous materials in our production, reuse and recycling processes, particularly 
persistent bioaccumulative toxins. We eliminate the environmental, health and safety 
risks to our employees and the communities in which we operate. Any materials 
exported to other countries with lower environmental standards are managed according 
to the Best International Practice as recommended by ZWIA.⁴¹

Circular Economy

As has been depicted in the data and concepts already explored in this chapter, and as 
introduced in Chapter 5.3 (Accelerating Deep Decarbonization of U.S. Industry), the U.S. 
has an extractive industrial model based on a linear production system of “take-make-
waste.”⁴² By contrast, a reimagined economy, such as a circular economy, is one that 
redefines growth and materials use, and focuses on positive, society-wide benefits, such as 
decarbonization and intergenerational interests.

The Ellen MacArthur Foundation recognizes a circular economy as one that “entails 
gradually decoupling economic activity from the consumption of finite resources, and 
designing waste out of the system. Underpinned by a transition to renewable energy 
sources, the circular model builds economic, natural, and social capital. It is based on 
three principles: design-out waste and pollution, keep products and materials in use, and 
regenerate natural systems.”⁴³

GAIA, a leading voice in the zero waste and circular economy movements, also points-out 
that our current “linear economic model violates the principles of environmental justice 
and is dangerous for our health and our planet.”⁴⁴ A complete transition of our extractive 
economy to a circular system is needed—one where all people can enjoy their right to 
a safe and healthy environment, and where no community bears the burden of these 
unsustainable patterns.⁴⁵
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The Sustainable Development Solutions Network sponsored a Global Solutions Forum in 
2019: Beyond Waste—Circular Resources Lab. The Forum concluded:

Current processes of production and consumption are deemed unsustainable [and] a 
transition is required to move towards a sustainable model, [one based on a circular 
economy, where] resources are kept in use for much longer and shared through 
distributive networks enabled by technology, products are designed never to become 
waste, and industrial activity aims to regenerate depleted natural capital.⁴⁶

Michael Burger of the Columbia University Law School also acknowledges:

[The circular economy is a] powerful new paradigm for materials consumption and 
solid waste management. Instead of beginning with extraction and ending with 
waste, the circular economy begins with material already in use, or else, material 
designed for iterative uses, moves through production and consumption, and into 
waste management, which secures a revived or altered source material, which in turn 
moves though production and consumption, and so on, over and over again. Achieving 
significant GHG reductions in this area requires widespread shifts in production and 
consumption …⁴⁷

William McDonough and Michael Braungart, in their seminal work, Cradle to Cradle, 
present elements of a circular economy, including an “integration of design and science 
that provides enduring benefits for society from safe materials, water, and energy, … and 
eliminates the concept of waste…”⁴⁸ They also view important circular economy principles 
as “opportunities to improve quality, increase value, and spur innovation.”⁴⁹

A circular economy embraces local economies, the highest-and-best-use of materials, 
and a supply chain of circular or environmentally preferred products at the local and 
national level. This should be given priority when purchasing, by allowing sales at more 
competitive prices than international or non-environmental materials. (This can favor the 
use of local materials and motivate new startups to supply greener materials.) It is about 
internalizing externalities associated with extractive and polluting products and processes, 
leading to, and resulting in cost-effective environmentally-conscious products. A circular 
economy can be a zero-carbon economy.

In a circular economy, economic activity builds – and rebuilds – overall system health 
(see Figure 5.6.5).⁵⁰ The concept recognizes the importance of the economy needing 
to work effectively at all scales—for large and small businesses, and for organizations 
and individuals, globally and locally. Transitioning to a circular economy does not only 
amount to adjustments aimed at reducing the negative impacts of the linear economy, 
such as excessive GHG emissions. Rather, it represents a systemic shift that builds long-
term resilience, generates business and economic opportunities, and provides holistic 
environmental and societal benefits.

The Beyond Waste, Global Solutions Forum concluded by pointing-out a challenge: “Shifting 
to this model will require a fundamental transformation of our cognitive models, of the 
[very] way we think about natural resources and the way we use them.”⁵¹ SMM strategies 
and zero waste approaches and principles underpin and provide essential inputs into a 
circular economy, and help to achieve the fundamental transformation discussed at the 
Forum.
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Figure 5.6.5. Circular economy ("Concept: What Is A Circular Economy?", 2020).

5.6.4 Challenges
There are a multitude of issues and challenges related to materials management that the 
U.S. must address to more rapidly reach zero-carbon objectives, including, but not limited 
to:

• Implementation of product stewardship and extended producer responsibility initiatives
• Fragmentation and distributed policy authority
• Outdated federal policy
• Disassociation and distraction
• An unlevel playing field
• Difficult materials (such as plastics)
•  “Chemical recycling”
• Waste-to-Energy impacts
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Implementation of Product Stewardship and Extended Producer 
Responsibility
A core element of successful SMM is the need for corporate product stewardship and 
extended producer responsibility.

Product stewardship seeks to ensure that those who [extract materials for, and] design, 
manufacture, sell, and use consumer products take responsibility for reducing negative 
impacts to the economy, environment, public health, and worker safety. These impacts 
can occur throughout the lifecycle of a product and its packaging, and are associated 
with energy and materials consumption; waste generation; toxic substances; greenhouse 
gases; and other air and water emissions. In a product stewardship approach, 
manufacturers that design products and specify packaging have the greatest ability, and 
therefore greatest responsibility, to reduce these impacts by attempting to incorporate 
the full lifecycle costs into the cost of doing business. Product stewardship is the act of 
minimizing the health, safety, environmental, and social impacts of a product and its 
packaging throughout all lifecycle stages, while also maximizing economic benefits. The 
manufacturer, or producer, of the product has the greatest ability to minimize adverse 
impacts, but other stakeholders, such as suppliers, retailers, and consumers, also play a 
role. Stewardship can be either voluntary or required by law.

Extended producer responsibility (EPR) is a mandatory type of product stewardship 
that includes, at a minimum, the requirement that the manufacturer’s responsibility for 
its product extends to post-consumer management of that product and its packaging. 
There are two related features of EPR policy: (1) shifting financial and management 
responsibility, with government oversight, upstream to the manufacturer and away 
from the public sector; and (2) providing incentives to manufacturers to incorporate 
environmental considerations into the design of their products and packaging.⁵²

EPR requires product and packaging companies to take responsibility for the end-of-life 
management of their products through a detailed EPR management system that supports 
recycling, reduces local government expenditures, prevents the release of toxins into 
the environment, promotes “green” redesign of products (“design for the environment”), 
and places a value on all environmental costs associated with the product throughout the 
product life cycle. One example of the great potential of EPR and product design working 
together is a change from fossil-fuel based plastic to a biological material substitution, 
which represents a shift away from technical to biologic materials, especially with single-
use, throw-away packaging.x

The Break Free From Plastic Pollution Act, introduced in Congress in 2020, acknowledges 
producer responsibility by pointing out that by “producing overwhelming amounts of 
material with little to no end-of-life value for recycling, and designing products solely 
for the purpose of marketing and selling those items, producers have failed to make 
sustainable items that can be easily reused, recycled or efficiently disposed of. Items 
designed for a one-time use then become the responsibility of taxpayers and local 
governments to manage.”⁵³ McDonough and Braungart recognize producer responsibility 
in another way: “[We] have a design problem. If [we] were to devise products … more 
intelligently from the start, [we] wouldn’t even need to think in terms of waste…. Good 
design would allow for abundance, endless reuse, and pleasure.”⁵⁴ They identify this as 
totally “eliminating the concept of waste.”⁵⁵

x  A fuller discussion of technical and biological materials is covered by the Ellen MacArthur Foundation 
(“Concept: What is A Circular Economy?”).
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Strong policy and policy initiatives surrounding product stewardship and EPR can be 
expected to garner stiff opposition (e.g., industry lobbying). This is particularly true for 
one approach to product stewardship: beverage container deposit systems. The beverage 
industry continues its long practice of aggressively opposing legislative initiatives intended 
to promote deposit systems. Nevertheless, product stewardship and EPR have had their 
successes, and adoption of this important approach needs to accelerate. 

Fragmentation and Distributed Policy Authority

Policy frameworks that influence solid waste / materials management decisions emanate 
from the federal, state, and local levels. In addition, the private and NGO sectors play 
essential roles within the associated supply chains. The EPA regulates MSW under Subtitle 
D of the 1976 Resource Conservation and Recovery Act (RCRA), and delegates much solid 
waste management authority to state governments, who in large part do the same to local 
governments. Local governments have the added burden of public health and sanitation, 
which also drive their solid waste / materials management activities. Solid waste and 
materials management options vary greatly from one region to the next, based on many 
factors. Considering recycling, programs might differ greatly simply based on access to 
recyclable materials markets or existing long-term contracts.

This fragmentation inherently creates an extensive patchwork of policies and programs 
nationwide, leading to consumer confusion and process inefficiencies.

Outdated Federal Policy

RCRA, the nation’s primary law governing MSW management, was enacted in 1976. 
The most recent amendment to RCRA was in 1996 (a minor amendment related to land 
disposal of certain wastes). The last substantial amendment was in 1984, nearly 40 years 
ago. There has been no substantive materials management-focused legislation from 
Congress since RCRA. Most federal policy in this regard has come from the executive 
branch. Recent attempts by Congress include the proposed National Recycling Act (2019), 
the Break Free From Plastic Pollution Act (2020), and the Plastic Waste Reduction and Recycling 
Act (2020) (all covered in more detail for information purposes only in Appendix B). 
Changes in consumer products and packaging, materials, management methods, and 
economic and social conditions dictate revisiting the federal policy framework.

Disassociation and Distraction

Disassociation in this context describes the state of individuals being “dissociated” or 
separated from the reality of the materials supply chain or the impacts of their choices 
as consumers and participants in end-of-life material (waste) decisions. This includes the 
lack of awareness of externality impacts of their actions and choices—of the non-value 
outputs of an economic process in which they are participating. Examples include the level 
of GHG emissions from single-use materials such as some plastics, excessive packaging, 
disposal technologies such as waste-to-energy facilities and landfills, and low-quality 
recyclable materials, explored further below.
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The quality of recyclable materials directly impacts their marketability, and thus, 
recoverability. As introduced in Chapter 4.3 (State and Cities for Climate Action), an 
example of a process that has negatively impacted the quality of materials is “single-
stream” recycling, in which all recyclables are put in a single container. According to the 
Institute for Local Self-Reliance:

In 1995, only five cities in the U.S. had adopted single-stream recycling; by 2003, that 
number had risen to 94. Soon, single-stream became the norm, with 65 percent of the 
population using single-stream in 2010, up from 29 percent in 2005. The percentage 
of the U.S. using dual-stream systems (which keep paper separate from glass, plastic, 
and metal) plummeted from 70 to 34 percent. Cities were convinced that single-stream 
would increase recycling participation and rates, [and significantly lower-costs]. Instead, 
recycling rates stagnated, except in motivated cities, and most cities had to transport 
their materials long distances to centralized MRFs. Mixing together all recyclables led 
to high levels of contamination, which was not a problem because of China’s insatiable 
demand for lower-cost recycled materials, and [where] low labor costs allowed for labor-
intensive separation at their MRFs. Moreover, empty shipping containers returning 
from bringing finished goods to the U.S. market [facilitated] low-cost deadhead shipping 
rates. In 2013, this changed, as the cost of labor in China rose while contamination levels 
remained high. China [began] rejecting loads of contaminated U.S. shipments, [and] in 
2018, imports were totally shut down.⁵⁶

Another example of a process that impacts the quality of recyclables, and furthers the state 
of dissociation, is one promoted by some in the materials management arena: “mixed 
material processing facilities,” also known as “Dirty MRFs.” This is a technology that is the 
natural outcome of single-stream recycling.⁵⁷ The concept of a mixed material processing 
facility is that all recyclables and residential discards (a.k.a. trash) can be put into one 
container and then the so called “good” recyclables can then be separated out from the 
discards. The label of “Dirty MRF” references all the discards and recyclables mixed 
together in one container with the aspirational goal of producing marketable materials 
from the resulting heterogeneous mixture. 

Dirty MRFs are presented to local communities as the panacea to solve all their solid 
waste problems, resulting in continued disassociation from more sustainable solutions. 
However, the materials generated from those facilities are often not usable in traditional 
recycling commodity markets. Paper, for example, once it has been exposed to MSW, can 
be either significantly deteriorated because of moisture, or worse yet, contaminated by 
food and animal wastes, rendering it unusable. In many respects, this seems to harken 
back to the days before consumers were encouraged to recycle materials; when, in fact, 
most materials ended up in a landfill. Today, the residue from Dirty MRFs inevitably go to 
an incinerator or waste-to-energy (WTE) facility.

Mixed-materials collection (Dirty MRFs) should be aggressively discouraged before these 
programs expand. Movement away from single- to multi-stream recycling is more complex 
(but not impossible), considering there has been significant investment in single-stream 
infrastructure throughout most of the supply chain from the curbside and with materials 
handling vehicles, to intermediate processing plants such as materials recovery facilities 
(MRFs).

Dissociation leads to distraction—distraction from the decision-making needed that 
would lead toward more sustainable choices. Increased focus on, and understanding 
and engagement in higher-level, tangible SMM practices reduces the phenomena of 
disassociation.
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An Unlevel Playing Field

Higher-priority SMM strategies such as source (waste) reduction through producer 
responsibility, reuse, and materials recycling, have to compete with end-of-life options 
such as WTE and landfilling. Full-cost accounting is largely absent from these end-of-life 
disposal options. This includes valuation of externalities such as negative quality of life 
impacts (e.g., odor, increased truck traffic and infrastructure improvement needs, reduced 
property values), the costs of proper post-closure (in perpetuity), public health impacts 
of waste-to-energy emissions and ash, and the societal/global impacts of GHG emissions 
from transportation and WTE (CO₂), and from landfill operations (CH₄), to identify just a 
few.xi

Also, recycling markets for nearly all materials have had to compete with virgin raw 
materials producers who receive benefits such as measures to incentivize market demand, 
tax incentives, and other tools that create a pricing mechanism benefiting virgin materials. 
In regards to plastics:

The elements that influence the pricing of recycled [plastics] material are completely 
different [than] virgin plastics. The collection, sorting, and cleaning of material sent for 
recycling, as well as the cost of energy and equipment required is unconnected to the 
cost of virgin plastic, but contributes to the discrepancy in pricing between virgin and 
recycled plastic. … Recycled content has been closely linked to brand sensitivity, and the 
inclusion of recycled material is still driven by consumer demand rather than legislation 
… The past few years have been particularly challenging, creating pricing fluctuation 
of such magnitude that recycling programs across the country have struggled to remain 
valid.⁵⁸

The incentives mentioned also result in shortcuts being taken to avoid legitimate recovery 
options and opportunities further up the hierarchy. For example, heavy inert materials, 
like concrete from highways, bridges, and other large infrastructure projects, are managed 
by the construction and demolition processing industry. One-third of all the materials 
received is produced into alternative daily cover for landfills ADC is not a “highest-and-
best-use” for recovered C&D materials. Some of the ADC use is legitimate, some of it 
is borderline, and some of it is sham recycling. There are facilities that use ADC as the 
easy cost-saving “out” instead of actually processing the material to be competitive in 
the marketplace. Residual coming off the end-of-the-line is often designated as ADC 
even though it was never processed into an ADC product, but instead is used simply as 
an opportunity to avoid calling it disposal. By processing material to a specification, 
a commodity value is created as well as opportunities to move the material into the 
marketplace, thus reducing the need for virgin, carbon-intensive materials inputs. In sum, 
standards need to be adopted and verified for materials to be used as ADC.⁵⁹

Adopting ambitious goals (diversion, recycling, emissions, etc.) must be done intelligently 
with a focus on performance. If performance is not emphasized over goals, this also 
creates a barrier to leveling the playing field. For instance, government programs that have 
established recycling targets without fully understanding economic systems and markets, 
coupled with a lack of a verification element, can inadvertently incentivize recycling 
companies to misreport their recovery rates (inflated rates are common). In addition, an 
increasing number of local governments have shown reluctance to adopt a verification/
validation program because they are afraid they may not like the numbers.

xi  “Post-closure” is also understood as the “custodial care period,” based on the understanding that one can 
never completely leave an old landfill site.
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Facilities sometimes don’t want to certify because they are concerned they may get in 
trouble or possibly portrayed as cheaters.⁶⁰ The conflict between the recovery of increased 
quantity of materials versus a focus on quality of a marketable commodity “will always be 
present if rules and regulations demand higher recovery rates above all else, and this is 
even more important as the markets are increasingly sensitive to the quality of materials 
they receive from processors.”⁶¹

A related challenge is what looks to be a “collective monopoly” in the solid waste 
management industry; more specifically, that the combined power of the relatively 
few large members of this industry unproportionally control end-of-life materials 
management schemes (landfills and WTE facilities). The industry’s resources for lobbying 
are immense, and big waste management companies dominate nearly “every aspect of 
solid waste and recycling practice and policy. Consider that the top four consolidated 
companies earn $30 billion of the $70 billion economic sector. [These] companies own 
or control 75 percent of the permitted landfill capacity in major metropolitan areas, and 
control an estimated 50 percent of the national [waste] hauling market, with increased 
levels of domination in regional markets. Profits from operating landfills under [the 
control of these companies] typically are 60-70 percent...”⁶² (All the figures just cited are 
from 2018.) The connection of single private sector ownership of landfills and hauling 
leads to further control of materials flow to landfills, where the commodity is “air space” 
(landfill space to fill with discarded materials). In many cases, the embedded costs are 
subsidized and actual risk unfairly limited (e.g., externality costs not included in the cost 
of operation).

A number of these companies included combustion/incineration as another way to 
vertically integrate operations (WTE facilities).

[The Department of Energy (DOE) and EPA] were willing to adopt this antidote for 
managing the constantly growing waste stream due to [a] growing population and 
increased consumption of throw-away and single-use products. … [and] legislation in 
1979 guaranteed sales for electricity produced by burning garbage. … Cities entered 
into “put or pay” contracts requiring minimum amounts of waste delivered to facilities, 
greatly limiting [waste reduction and] recycling efforts. [In a move that looked like 
industry’s attempt] to stem the tide of recycling, [it] took action to protect its hauling and 
landfill market shares. It introduced single-stream recycling, [described earlier,] and 
started gobbling up materials processing capacity. ... Consolidated companies now own 
50 percent of the estimated 225 MRFs in the U.S.⁶³

Implementing the higher-level of SMM strategies (source reduction, product stewardship, 
reuse) is a direct threat to this decades-long system of control by the private sector; as 
such, opposition can be expected from some business groups (and supported by others).

Difficult Materials

An anticipated result of robust product stewardship programs, is the development of a new 
generation of materials “designed for the environment.” However, currently, there are a 
multitude of challenging materials in the stream of discarded materials—materials that are 
part of carbon-intensive manufacturing and supply chains. Plastic packaging is seen as a 
proxy for this problem.
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It is important to consider the following:

•  It is difficult to identify how much plastic is discarded each year. This is partly due to 
problems with government tracking. One estimatexii has the figure at 32 million tons, 
and another has it at 39.9 million tons.⁶⁴ In any case, either number represents an 
amount of discarded materials that burdens local government budgets, overwhelms 
management systems, and contaminates the environment (litter).⁶⁵ One analysis has 
81.4 percent of this material being landfilled, and 13.4 percent incinerated, leaving 5.2 
percent recycled.⁶⁶ However, it is important to note that this analysis does not account 
for plastic waste that becomes litter.

• The recycling system is broken. One source estimates domestic plastic recycling in 2020 
at about 0.88 million tons.⁶⁷ And as reported above, another source has about 5 percent 
of plastic waste in the U.S. identified as sorted for recycling in 2019, a considerable drop 
from previous years.⁶⁸

• Annual global production of plastic has reached 335 million tons and continues to rise, 
and global plastic production will triple by 2050, accounting for twenty percent of global 
oil consumption.⁶⁹

• Plastic production facilities are super-polluters and a major contributor to climate 
change: Emissions linked to plastic will reach 1.3 billion tons by 2030, equal to 300 coal-
fired power plants.⁷⁰

• Of the 8.3 billion metric tons of plastic produced in the past 60 years, 6.3 billion metric 
tons have become plastic waste.⁷¹

In an August 10, 2020 memo to state leaders across the country, Senator Tom Udall and 
Representative Alan Lowenthal present this challenging picture in vivid detail:

While plastic is an important material for building a variety of products like medical 
devices, lighter cars, and other advanced products, plastic producers have steadily 
designed unnecessary products that have flooded the market. These products have 
overwhelmed waste management systems, as many of them are not recyclable. 
Producers are not required to incorporate recycled content into their products and the 
cost of virgin plastic from cheap natural gas is far lower … Rather than reducing the 
waste they create or taking responsibility for its management, producers have shifted 
the responsibility for managing waste to government entities whose budgets are already 
stretched thin. Meanwhile, industry has promoted pollution reduction strategies that 
put even more burden on taxpayers instead of taking responsibility themselves—
emphasizing their view that the government should invest in recycling infrastructure 
and accept plastic items in recycling bins that will never be recycled. All of this comes at 
the expense of U.S. taxpayers.

We cannot recycle our way out of this crisis or rely solely on the government to clean 
it all up. … Consumers have been led to believe that everything they put in their 
blue bin will be magically turned into a new product somewhere because items are 
labeled recyclable. … The truth is that the recycling in our blue bins is often landfilled, 
incinerated, or shipped overseas to countries that are unable to manage this waste. … 
[China’s shift in policy by reducing the importation of our recyclable materials] means 
that fewer plastic products have a recycling market.⁷²

xii  Data cited is from the Break Free from Plastics Fact Sheet and Udall and Lowenthal, “Legislative 
Blueprints”; analysis and summary conclusions based on: 1) US EPA 2015 data (the EPA will next publish data 
in 2021 based on 2018 information), 2) US Census Bureau 2018 data, 3) estimates via mass balance analysis, 
and 4) incorporating an assumed 5 percent annual growth rate for single-use plastics based on increases in US 
bottled water sales, as reported in Dell, “Six Times More Plastic Waste is Burned in US than is Recycled”.
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The oil and gas industries are investing in unprecedented plastic expansion. The 
industry announced $164 billion in investments for 264 new plastic facilities or 
expansion projects in the U.S. alone, many relying on state and local tax incentives. In 
just five years, these investments could increase global plastic production by a third. As 
a result, this wave of investment will increase pollution risks to frontline communities 
– communities closest to these facilities – throughout the plastics supply chain. They 
will also undermine efforts by cities, countries, and the global community to combat 
the growing plastics crisis, and exacerbate the growing climate crisis.⁷³ … In 2019 alone, 
the production and incineration of plastic will add more than 850 million metric tons of 
greenhouse gases to the atmosphere—equal to the pollution from 189 new 500-megawatt 
coal-fired power plants. If plastic production and use grow as currently planned, by 
2030, these emissions could reach 1.34 billion tons per year—equivalent to the emissions 
released by more than 295 new 500-megawatt coal-fired power plants.⁷⁴

Banning single-use plastics would be a major step toward holding manufacturers 
responsible, and transitioning the linear economy to a circular economy. In 2019, the 
European Parliament took similar action by approving a law banning single-use plastic 
items such as cotton swab sticks, cutlery, plates, and straws.⁷⁵

Chemical Recycling

In 2019, the plastics industry embarked on an orchestrated campaign promoting what they 
erroneously refer to as “chemical recycling.” “Solving the Climate Crisis: The Congressional 
Action Plan For a Clean Energy Economy and a Healthy, Resilient, and Just America by the 
House of Representatives’ Select Committee on the Climate Crisis, unveiled on June 30, 
2020, endorses ‘chemical recycling,’ using much of the same language also pushed by the 
American Chemistry Council and other players. Similar language made it into the Federal 
RECOVER Act [2019-20], and states across the country are passing or considering industry-
backed bills that would pave the way for ‘advanced recycling’ to take root.”⁷⁶ In reality, this 
is a plastics-to-fuel, or pyrolysis process. The plastics industry labels this as “advanced 
recycling,” but it is largely the opposite—turning plastic into fuel to be burned.

[There are] fatal inconsistencies in how the industry markets “chemical recycling” 
versus the reality: Millions of dollars have been invested in “chemical recycling” 
projects, yet based on public information, out of the 37 facilities proposed in the 
U.S. since 2000, only three are currently operational and none have been proven 
to successfully recover plastic to make new plastics on a commercial scale. … The 
technology is polluting, carbon intensive, and riddled with system failures, disqualifying 
it as a solution to the escalating plastic problem, especially at the scale needed.⁷⁷

In a recent report, GAIA summarizes additional problems with the chemical recycling 
campaign:

• Plastic-derived fuels are fossil fuels that spend a very small portion of their lifecycle as 
plastic. This is not recycling. It is an expensive and complicated way to burn fossil fuels.

• This is an industry “greenwashing tactic,” undermining real solutions to the plastics 
crisis. The fossil fuel industry is investing over $164 billion in expanding plastic 
production in the U.S., 35 times the amount that they claimed to invest in “chemical 
recycling.”

• This is a bad investment. It’s competing against, and losing to, virgin plastic production. 
The high likelihood of technical failure has also squandered investment.
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• It is an environmental health risk, particularly to already overburdened communities. 
Every step of the process produces toxicants, from the sites themselves, where 
the product is burned, and at the facilities where the waste from the process goes, 
oftentimes in environmental justice communities. The chemical recycling industry 
is looking to expand into the same neighborhoods suffering from fossil fuel industry 
pollution.

• Importantly, especially for the ZCAP, it has a large carbon footprint, and poses a climate 
risk. Over half of the plastic that is processed in these facilities is released as CO₂. That’s 
on top of the emissions from burning the resulting fuel.⁷⁸

Dr. Andrew Neil Rollinson, chemical reactor engineer, specialist in alternative thermal 
conversion technologies, and author of a technical assessment of chemical recycling 
states, “Sound engineering practice and common sense shows that chemical recycling 
is not the answer to society’s problem of plastic waste. It represents a dangerous 
distraction from the need for governments to ban single-use and unnecessary plastics, 
while simultaneously locking society into a ‘business-as-usual’ future of more oil and gas 
consumption.”⁷⁹ 

Judith Enck, President of Beyond Plastics and former EPA Regional Administrator in the 
Obama Administration, explains that “Industry-promoted ‘chemical recycling’ gives the 
false impression that we can chemically recycle our way out of this crisis, and detracts 
from what the U.S. should be doing: reducing the use of plastics. This technology has not 
worked in the past, cannot survive without significant taxpayer subsidies, creates few jobs, 
and brushes aside the serious climate change and air toxics issues associated with plastic 
production.”⁸⁰

Denise Patel, GAIA U.S./Canada Program Director, states, “Plastics are the new villain of 
the climate fight, and elected officials can’t fall for industry’s claims that they have a silver 
bullet solution, especially when the evidence does not back up those claims. With the 
rising crises of climate change, pollution, and economic insecurity under the backdrop 
of a global pandemic, we have no more time or money to waste on dangerous tech-fixes. 
Policymakers need to fight climate change at the source, by pursuing policies that place 
limits on production and support zero waste systems.”⁸¹

Waste-to-Energy Impacts

Project Drawdown considers waste-to-energy (WTE) a “regrets solution.” While they 
acknowledge that the social and environmental costs of WTE are “harmful and high,” 
they argue that WTE can have a positive impact on carbon emissions. This argument is 
based on electricity generation from WTE facilities displacing electricity generation from 
fossil fuel plants, but does not take into consideration a host of other factors that will be 
explored here. Project Drawdown agrees that WTE can help transition away from fossil 
fuels in the near-term, but it is “not part of a clean energy future. Even when incineration 
facilities are state-of-the-art (and many are not), they are not truly clean and toxin-free.”⁸²
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In 2018, there were 86 incinerators across 25 states burning about 29 million tons of MSW 
annually.⁸³ The Tishman Environment and Design Center at The New School in New York 
City completed (in 2018) a comprehensive study of the U.S. industry from the 1980’s to 
2018. It outlines an aging, costly, and polluting industry that is under increasing pressure 
from both economic and regulatory forces and citizen action. It frames a business model 
that relies on favorable regulations and enforcement, shifting the economic and human 
health burdens onto taxpayers, and capitalizing on renewable energy subsidies. In 
addition to being a public health threat, WTE facilities “are a bad investment.”⁸⁴ As the 
Tishman study and other similar efforts over the years have shown, combusting MSW is 
one of the most expensive forms of generating energy, and these costs are often borne by 
the public in the form of public financing and fees. If the plant is unable to raise enough 
revenue through tipping fees or electricity sales to service the debt, local communities and 
taxpayers have ended-up paying the bill.⁸⁵

The increasing fixed costs of maintaining and operating [these] incinerators together 
with competition for tipping fees [means] that the industry relies on energy sales to stay 
profitable. But burning trash is one of the most expensive forms of energy generation in 
the U.S., costing $8.33/MWh compared to $4.25/MWh for pulverized coal and $2.04/MWh 
for nuclear, the second and third most expensive forms of energy generation. Despite 
these costs and the fact that MSW incinerators produced a negligible 0.4 percent of total 
U.S. electricity generation (2015), two-thirds of all the incinerators in the U.S. today have 
access to renewable energy subsidies. These energy subsidies are coming under increased 
scrutiny as environmental advocates question the classification of waste burning, 
particularly non-biogenic waste, as renewable energy. The introduction of new carbon 
pricing policies in states like New York may mean that incinerators, which emit significant 
amounts of CO₂, will face new financial challenges.⁸⁶

The entire WTE process has deleterious environmental and public health impacts 
emanating from each of its phases. Large, heavy-duty diesel sanitation trucks that collect 
and haul municipal solid waste release harmful substances. Host communities face health 
burdens and risks associated with chronic exposure to these diesel particulates. The 
actual incineration process releases various types of emissions including lead, mercury, 
dioxins and furans, particulate matter, carbon dioxide, carbon monoxide, nitrogen oxides, 
acidic gases, heavy metals, polychlorinated biphenyls (PCBs), brominated polyaromatic 
hydrocarbons (PAHS), and still to be understood further, a variety of nanoparticles.⁸⁷ 
By way of specific example, the EPA reports that combustion of plastics alone results in 
substantial net GHG emissions, estimated from 0.25 to 0.32 MtCe per ton of material.⁸⁸ 
“This is primarily because of the high content of non-biomass carbon in plastics. Also, 
when combustion of plastic results in electricity generation, the utility carbon emissions 
avoided (due to displaced utility fossil fuel combustion) are much lower than the carbon 
emissions from the combustion of plastic.”⁸⁹

Direct exposure to such toxins risks the health of facility workers and residents in 
nearby communities, and indirect exposure, through the food chain, poses global risks. 
While advanced air pollution control equipment removes some of the toxic pollutants, 
it concentrates them in other byproducts, such as ash, wastewater, and landfill leachate. 
Approximately 26-40 percent of waste becomes bottom ash. The more pollutants an air 
pollution control system removes, the more toxic its fly ash is. Incineration also generates 
toxic chemicals that can leach into soil and groundwater and accumulate in food chains. 
Ash residuals are mostly sent to landfills where the ash can spread via wind and air, 
leach toxic materials into the landfill leachate, and negatively impact operations (such as 
increased maintenance on equipment).⁹⁰
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The Tishman report further points out that “the people who have the least responsibility 
for the waste crisis in the U.S. – low income communities and communities of color – 
are forced to pay the highest price, both with their pocketbooks, and their health. These 
are communities “that are already overburdened by pollution from other industrial 
sources, causing cumulative impacts that regulators fail to take into account when 
setting emissions regulations.”⁹¹ “In the U.S., eight out of every 10 [WTE facilities] are 
located in low-income communities and communities of color. Residents face adverse 
environmental health impacts, public debt due to costly construction and maintenance 
of incinerators, and the stigma of being a dumping ground. Often, the communities are 
already overburdened with disproportionate amounts of pollution from a multitude of 
sources, such as coal power plants and petrochemical plants.”⁹² “Disproportionate siting 
of incinerators and waste facilities in communities of color and low-income communities 
was a key driver for the emergence of the environmental justice movement. In 1985, 
there were 200 proposed or existing incinerators online, but by 2015, fewer than 85 plants 
remained. Many U.S. communities effectively organized to defeat proposed plants, but 
poor, marginalized, and less-organized communities remained vulnerable.”⁹³

WTE facilities should not be considered as a renewable energy source, since an extremely 
large portion of the material burned is fossil-fuel based. Finally, combustion “solutions” 
like WTE, compete with, and deflect attention from more sustainable solutions, such as 
those embodied by SMM, including aggressive source reduction and reuse initiatives, 
product stewardship, redesigning products for recyclability, and eliminating toxic and 
hard-to-recycle plastics. Materials with higher BTUs (energy potential), such as plastics 
and paper are the prime target materials for combustion. It just so happens that these are 
the same materials that have priority for reduction and recycling. WTE is not symbiotic 
with, or complementary to SMM, zero waste, and circular economy solutions—instead, it 
competes.

5.6.5 Conclusion and Policy Recommendations
The U.S. needs to play a fundamental role accelerating the global transition to a just, 
resource-efficient, circular, and climate-neutral economy, with zero-carbon as a primary 
objective. It cannot do this without addressing the current economic and consumption 
model and associated materials management schemes. To more rapidly reach zero-carbon 
objectives, the U.S. must also address a multitude of issues and challenges related to 
sustainable materials management (SMM). To aggressively move toward SMM, zero waste, 
and circular economy solutions, policy emphasis and change needs to emanate primarily 
from the Federal Government. While there are many successful state, local, private, and 
public-private accomplishments in the field of materials management, progress has been 
unacceptably slow, with discarded materials increasing in quantity and continuing to pose 
other environmental and public health impacts. The default solutions included in this 
conclusion are on federal action, but some international, state, local, and private sector 
initiatives, and technology needs are addressed.
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Legislative and Regulatory Needs and Broad Policy Pathways

Foreign Policy and International Leadership
The U.S. needs to assume a leadership role on the international scene with zero-carbon as 
a core goal attained in part through SMM and circular economic objectives.⁹⁴ To support 
this shift:

• Mainstream circular economy objectives should be included in free-trade agreements; 
bilateral, regional, and multilateral processes and agreements; and, in U.S. external 
policy funding instruments (similar to recommendations as articulated in the European 
Commission’s Circular Economy Action Plan).⁹⁵

• The U.S. needs to work with, and influence global consumer product companies to 
reshape their UN Sustainable Development Goal (SDG) commitments to include the 
phase-out of fossil-fuel-based plastics.

• Initiatives should be emphasized that reduce the adverse impacts of materials flow 
(e.g., eliminating burden-shifting between nations). For instance, to prevent plastic 
waste exports to developing countries in particular, the U.S. needs to join with the 
global community through the United Nations and become a party to (ratify) the Basel 
Convention, with the goal of controlling the transboundary movements of plastic 
waste. The U.S. has not joined with 186 states and the European Union in ratifying 
the Convention. Incidentally, the Break Free From Plastic Pollution Act, introduced in 
Congress in 2020, “prohibits plastic waste, plastic pairings, and plastic scrap from being 
exported to any country not a member of the Organization for Economic Cooperation 
and Development (OECD).”⁹⁶

Federal Policy Targets and Recommendations
Federal action includes the need for the U.S. Congress to develop a comprehensive 
suite of policy changes and fiscal tools to move from subsidizing extractive industries to 
supporting circular economy activities and SMM. SMM, with associated and embedded 
zero waste, circular economy, and zero carbon goals, should be embraced as U.S. national 
policy. Congress should:

• Develop policy changes and fiscal tools to move from subsidizing extractive industries 
to supporting circular economy activities. Mandates should come with incentives and 
assistance connected to achievement targets and reasonable timelines to achieve the 
targets.

• Enact a mandatory national beverage container deposit act to substantially increase the 
recovery of aluminum, glass, plastic, and other containers; create new, domestic jobs; 
reduce litter; and decrease GHG emissions by nine MtCO₂e per yearxiii (equivalent to the 
annual emissions of 3.8 million cars).⁹⁷ The National Recycling Coalition (NRC) recently 
supported container deposits acknowledging a changing landscape and realization 
that the many promises of industry (e.g., single-stream recycling) never materialized, 
and that over the same period, container deposits continued to outperform all other 
systems and (as a form of EPR). The NRC also pointed out that container deposit systems 
remained effective at recovering more and higher quality material; thus, supporting and 
creating jobs and markets, and bolstering an ailing recycling industry.⁹⁸

xiii  The amount noted (9 MtCO₂e) is the difference between avoided GHG emissions under current conditions 
(33.3% national overall beverage container recycling rate in 2018) and hypothetical recycling achieved by a 
national beverage container deposit law. Calculations assume that: 1) All beverages except for milk and dairy 
alternatives will be covered by deposit, and 2) the redemption rate for traditional containers (aluminum cans, 
glass, HDPE, and PET) will be 80%, and 57% for non-traditional containers (cartons and foil).
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• Codify national material bans, including single-use plastics, with a related focus on 
incentivizing lower-carbon alternatives; thus, reducing the impact of these materials on 
the environment and public health.

• Create a national definition of recycling (similar to the European Union), discourage 
single-stream collection and Dirty MRFs and set ambitious national diversion goals – 
by material – resulting in substantial reductions in these products ending-up in WTE 
facilities and landfills.

• Develop policies that promote product stewardship, such as requiring Extended 
Producer Responsibility (EPR), life cycle assessment, and materials disclosure for a 
wide-range of materials and products, and funnel private sector investment to where it’s 
needed.xiv This includes more effectively monitoring discarded materials that end up at 
landfills and WTE facilities, as well as litter. This data should be used as a measurement 
tool for EPR. Finally, support systems need to be developed, and in time, associated 
penalties imposed on industry and business not meeting EPR requirements. These 
policies would measurably reduce discarded materials.

• Require comprehensive SMM plans for large agencies, institutions, and businesses, 
and these should be tied to measurable actions, highest-and-best-use of materials, and 
require implementation and reporting on yearly performance metrics.

• Mandate consistent performance measurement and reporting, including the 
quantification and verification of GHG emissions associated with materials management 
practices; conversion metrics (carbon equivalencies, etc.); mechanisms for full cost 
accounting, adding a value to externalities like GHG emissions; minimum recycled 
content for targeted materials (e.g., rigid plastic packaging containers; and transparent 
and validated performance reporting.xv “What is needed is verification of materials 
throughout their lifecycle to establish a higher confidence level in the estimates [of 
diversion rates and GHG emissions]. We have nary a chance at informing, developing, 
and implementing sound policy if we do not have the best information to do so.”⁹⁹

• Ban yard debris, food waste, and other organic material from WTE facilities and 
landfills.¹⁰⁰ This would have the dual impact of reducing GHG creation, and realizing 
benefits of alternative management approaches (e.g., compost as soil amendment, food 
waste targeted to useful purposes).xvi

• Restrict built-in obsolescence designs for products, ban the destruction of unsold 
durable goods, enact “right to repair” policies, and develop reward systems to return old 
devices, reducing the need for end-of-life disposal options.

• Establish pay-as-you-throw (PAYT) or save-as-you-throw (SAYT) unit pricing programs, 
which will result in incentives to reduce, reuse, and recycle materials. Unit pricing, “can 
lead to a rapid increase in the recovery rate and reduce overall waste by up to 40 percent. 
Unit pricing has allowed cities to reduce their per capita waste generation to 1.5 lbs. per 
capita, down from the national average of 4.5 lbs. per capita.”¹⁰¹

• Eliminate state preemption of local restrictions (e.g., plastic straw and plastic bag bans).

xiv  As noted by Burger, “Materials Consumption and Solid Waste”, 21, and others.
xv  As noted by Burger, “Materials Consumption and Solid Waste”, 21, and others.
xvi  “Food waste bans have only been implemented in a limited number of jurisdictions, but several other 
governments are contemplating adding mandatory food waste bans to existing landfill bans. While the 
methods and responsible agencies for implementation vary, most bans involve outreach and coordination 
with residences and businesses (as applicable), haulers, and the ability to perform waste audits to ensure 
compliance and identify areas for program reinforcement … almost half of the US states ban some form of 
yard trimmings from landfills”.
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• Abolish investment in WTE facilities, ensure that these facilities are not considered a 
form of recycling, or renewable or sustainable energy, and require plans for the phase-
out of existing plants (the purposes noted in the Challenges section of this chapter).

• Foster regional coordination, with the goal of reducing fragmentation of policy 
initiatives, and ensuring coordination and consistency of measures adopted for 
implementation.

• Ensure that solid waste management facilities, such as landfills, are designed and 
operated with maximum GHG (CH₄) capture) (90%+) as a primary objective. Require 
strong emissions measurement systems, and GHG prevention measures, such as 
banning yard and food waste from landfills.

• Minimize the need for long-range, in-efficient transport of residual waste from recycling 
and WTE facilities, and justify this with GHG data.

• Mandate “green” public procurement criteria, targets, and standardized reporting with 
a focus on products and materials with lower carbon intensity and/or embodied carbon, 
and consistent with circular economy and zero-carbon goals.xvii

• Call for the Federal Trade Commission’s (FTC) planned 2021-22 “Green Guide Rules” 
(16 CFR Part 260) update to be done in an inclusive and comprehensive manner, with 
the goal of strengthening these standards, and with a desired result of providing FTC 
more authority to enforce the intent of the Guides.¹⁰² FTC should be required and 
held accountable for taking action against consumer product packaging companies 
who make false and deceptive claims about compostability, recyclability, and other 
environmental attributes. This includes better regulating the use of the chasing arrow 
symbol.xviii

Existing and Potential Federal Legislative Frameworks
There are a variety of policy framework mechanisms that could be utilized/actionalized, 
including but not limited to:

• Congress could amend RCRA Subtitle D, including articulating and codifying SMM as 
the new framework for solid waste / materials management, and keeping associated 
delegated authorities intact. This amendment could include most, if not all of the Policy 
Targets/Recommendations stated above.

• Congress could consider an amended Break Free From Plastic Pollution Act (BFFPPA) (HR 
5845, S 3263), introduced in 2020. This proposed law also includes most of the Policy 
Targets/Recommendations stated above, and could be amended to address those not 
included.xix

• The RECYCLE Act (S 2941), introduced in the Senate in 2019, and the Plastic Waste 
Reduction and Recycling Act, introduced in the House in 2020, also include a few of the 
Policy Targets/Recommendations stated above; however, there is concern that neither 
do enough to eliminate the plastic packaging problem; namely, more of a focus on 
source reduction is needed.xx

• If additional pandemic-related stimulus bills are considered, funding for programs and 
initiatives discussed in this chapter could be included.

xvii  As noted by Burger, “Materials Consumption and Solid Waste”, 21, and others.
xviii  “The Green Guides were issued to help marketers ensure that the claims they are making are true and 
substantiated. The guidance they provide includes … general principles that apply to all environmental 
marketing claims…” (see The Green Guides).
xix  See Appendix 6.6 for more information about BFFPPA.
xx  See Appendix 6.6 for more information about the RECYCLE Act and the Plastic Waste Reduction and Recycling 
Act.
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State and Local Policy Targets and Recommendations
Because the default with this chapter is on federal action, state and local initiatives are not 
explored extensively; nevertheless, there are some actions states and local governments 
could pursue.

• There are examples of model legislative initiatives and other progressive actions that 
states and local governments could adopt from their peers. xxi

• State and local governments could adopt laws with more ambitious goals (e.g., Zero 
Waste), intermediate targets and timetables for achieving these more ambitious goals, 
and means of achieving them.xxii Adopting ambitious goals must be done intelligently 
with a focus on performance and quality. 

Technology Needs and Other Strategies to Achieve Zero Carbon through 
Materials Management 
Facilities and Institutions
• Energy consumption protocols are needed for materials recovery (recycling) 

facilities (MRFs) and recycling production facilities, and there is a need for increased 
technological efficiency of materials processing.

• The creation of new composting facilities; centers for hard to recover materials, such as 
deconstruction / construction and demolition and disaster debris; reuse and recycling 
facilities; creative reuse centers; eco-industrial parks / drop-off centers; and Zero Waste 
transfer stations need to be encouraged and incentivized. “Industrial parks reserved for 
recycling, composting, and reuse companies [can] pass waste surcharges to generate 
investment capital for this sector of the local and regional economy. The model of 
companies like Road Runner (based in the Mid-Atlantic region), can be followed. The 
company requires extensive source separation, provides equipment and training for 
staff, uses deadhead loads from traditional local fleets instead of hydraulic equipped 
garbage trucks to deliver materials to end users and share revenue. This allows small 
businesses to actually benefit from reducing their waste streams.”¹⁰³

• The construction industry / building sector should develop and utilize best practices 
for material conservation, reuse, and recovery (recycling), or highest-and-best-use of 
materials, including creating or expanding the building material reuse infrastructure 
and markets, valuing carbon already invested or embodied in buildings, encouraging 
adaptive reuse of buildings, encouraging or requiring deconstruction and reuse of 
materials, and integrating design for disassembly and buildings. The sector should 
be decarbonized by implementing material passports and building material libraries. 
A construction and demolition debris plan during the design phase should include 
material recovery strategies, and policies focused on using low-carbon materials should 
be followed.

• McDonough and Braungart – in their work, Upcycle – astutely point out that a regulation 
means something needs to be redesigned. “Although regulations are obviously a 
valuable signal or concern by society – even vital at certain moments in human history 
– we can also consider them at some point to be alerts to design failures. Or, to put it 
more positively, signs of design opportunities.”¹⁰⁴ In this case, as articulated in this 
chapter, federal policy (“regulations”) is needed to accelerate the decarbonization of 
the materials sectors, but the private sector can, to an extent, avoid being regulated. 

xxi  As noted by Burger, “Materials Consumption and Solid Waste”, 22, and others.
xxii  As noted by Burger, “Materials Consumption and Solid Waste”, 21, and others.



3155. APPROACHES FOR KEY SECTORS

“Companies that operate at every stage of economic activity – from extraction to 
transportation to manufacture to retail to service – should consider mechanisms, 
including circular economy concepts, through which they can demonstrate leadership 
in materials and solid waste management and reduce the use and waste of embedded 
GHG emissions.”¹⁰⁵ It is the companies producing large volumes of waste that may find 
themselves footing the bill if they do not find sustainable solutions to drive a more 
circular economy.

• Companies and institutions should commit to the Zero Waste International Alliance, 
Zero Waste Business Principles.

• Companies and institutions should participate in the US Green Building Council 
(USGBC) TRUE “Zero Waste”xxiii Certification Program.¹⁰⁶

Research, Development, Demonstration & Deployment (RDD&D)
• Nonprofit/university-based product redesign institutes are needed that:

• Promote green products and packaging innovation through the patent system, with 
research grants awarded from the Federal government; and

• Develop the next generation of new materials.
• Associated with all the approaches defined in this chapter comes great opportunity for 

new jobs. This creates the need for related job training and placement programs.
• A national higher-education RDD&D consortium is required for SMM.
• Industry should invest a percentage of their RDD&D revenue into the development of 

alternative materials.
• The set of specific international, federal, state, and local policy recommendations and 

other strategies included above form a foundation that will optimize material use and 
management with commensurate reduction in carbon use and GHG production.

xxiii  “The TRUE certification program enables facilities to define, pursue, and achieve their zero waste goals, 
cutting their carbon footprint and supporting public health. … TRUE is a whole systems approach aimed at 
changing how materials flow through society, resulting in no waste. TRUE encourages the redesign of resource 
life cycles so that all products are reused. TRUE promotes processes that consider the entire lifecycle of 
products used within a facility. With TRUE, [facilities] can demonstrate to the world what [they are] doing to 
minimize waste output. … By participating in TRUE certification, facilities commit to reducing materials, using 
recycled and more benign materials, longer product lives, reparability, and ease of disassembly at end of life. 
TRUE helps turn waste into savings. The TRUE certification program is used by facilities to define, pursue, and 
achieve their zero waste goals, cutting their carbon footprint and supporting public health. The certification 
goes beyond diversion numbers and focuses on the upstream policies and practices that make zero waste 
successful in any organization and beyond” (see “Less Waste, Higher Efficiency, Better Savings”).
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