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Sustainable Materials Management (SMM)



• Implementation of product stewardship and extended 
producer responsibility initiatives

• Fragmentation, distributed policy authority, and outdated 
federal policy

• Disassociation and distraction

• An unlevel playing field

• Difficult materials

Some Materials Management Challenges



Table 5.6.1: Estimated GHG Reductions for Implementation of Some Aggressive SMM Strategies³¹

Source Reduction Reduce packaging use by: 50%
25%

40-105 MMtCO₂e/yr.
20-50 MMtCO₂e/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 100% 300 MMtCO₂e/yr.
recycling and composting 
rate from 2006 rate 
(32.5%) to:

50% 70-80 MMtCO₂e/yr.

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

100%
50%

20 MMtCO₂e/yr.
10 MMtCO₂e/yr.

25% 5 MMtCO₂e/yr.

Potential GHG Reduction Scenarios:
Increased Source Reduction, Reuse, and Recycling*

*EPA, 2009



• Decreased GHG emissions (MtCO₂e) per each 5% increase: 960,484.38

• Decreased energy use (million BTU) per each 5% increase: 19,667,046.76

• Increased wages per each 5% increase: $628,544,091.98

• Increased taxes per each 5% increase: $100,078,654.82

• Increased employment (labor hours) per each 5% increase: 279,70213.27

Potential Benefits: 5%  Increased Recovery of
Aluminum, Glass, and HDPE/PET Containers*

*Per EPA’s WARM tool calculations, July 2020



• A national beverage container deposit act

• Material bans (such as single-use plastics)

• Promotion of product stewardship

• Requiring comprehensive SMM plans for large organizations

• Banning organic material from disposal facilities

Some Recommended Actions



The Circular Economy*

*The Ellen MacArthur Foundation (2019),
www.ellenmacarthurfoundation.org

Based on Braungart & McDonough,
Cradle to Cradle

http://www.ellenmacarthurfoundation.org/
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Recycled Content for PET Bottles: 
3%, 10%, 50% and 100%



Energy Impacts of Wasting

• In total, about 2.3 million 
American homes could 
have all their energy 
needs met (heating & 
cooling, cooking, utilities, 
etc.) with the amount of 
energy required to replace 
the beverage containers 
wasted in 2010.
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Brewing  
Operations at the brewery ± the actual brewing process ± represent between 2 and 28% of the 
total life cycle GHGE of beer in the scenarios in Figure 3. The primary GHGE contribution from 
the beer brewing stage comes in the form of energy use6 ± electricity, natural gas, etc. It should 
come as no surprise, therefore, that improving the energy efficiency of the brewery process can 
lead to reductions in carbon footprint. While not a LCA, Sturm et al. (2013) identify opportunities 
and barriers for efficient energy use in medium-sized breweries and estimates that easily 
applicable efficiency measures such as improving insulation and implementing basic heat 
recovery could potentially reduce energy demand at the brewery by 20% with payback periods 
of around 1.3 years. The BIER LCA study gathered brewery energy efficiency data from their 
members and found that the range resulted in the brewery stage representing 12 to 38% of the 
total beer LCA in the European format and 5 to 20% of the total in the North American format. A 
study presented at the 2016 LCA Food conference found that the total carbon footprint per liter 
of beer was more than double from craft breweries compared to industrial production in an 
Italian context (Gavinelli et al., 2016). This was attributed to more grains used in the brewing 
recipe but also lower energy efficiencies of the craft breweries. 

Beer Packaging 
The beer delivery system ± how beer 
is packaged ± was the most 
differentiating feature across the 
environmental assessments reviewed. 
In general, the environmental impact 
of common beer packaging decreases 
in this order: glass bottles, aluminum 
cans, steel cans, kegs. There are, of 
course, caveats and exceptions.  

The Beverage Industry Environmental Roundtable (2012) conducted a carbon footprint analysis 
Rf WZR ³W\Sical´ beeUV iQ cRmmRQ SackagiQg fRUmaWV: EXURSeaQ ± in 0.33 liter returnable/re-filled 
glass bottles, distributed in a 24-pack plastic (HDPE) crate, and North American ± in 0.355 liter 
aluminum cans, distributed in a 24-pack fiberboard carton. The full life cycle GHGE associated 
with the European format was less than half of the North American format, and while there were 
other differences in the two scenarios, sensitivity analysis points to packaging being the primary 
driver of this difference (see Table 1). The returnable bottles were modeled as being re-used 30 
times; if non-returnable glass were used instead, the carbon footprint (packaging only) per 
European bottle increased by a factor of 12.5, making the bottle go from 13% of the total carbon 
footprint to 65%, and resulting in a full life cycle carbon footprint greater than the North 

                                                
6 While beer brewing emits carbon dioxide during fermentation, this CO2 results from the digestion by yeast of sugars 
that were built up in the grains through photosynthesis, which draws CO2 out of the atmosphere. In other words, this 
³caUbRQ c\cle,´ VimilaU WR Whe digeVWiRQ Rf fRRdV b\ hXmaQV, iV cRQVideUed VhRUW-term and a net-zero emission from a 
global warming perspective, and therefore is not accounted for in carbon footprint calculations. 

FIGURE 4. Relative environmental impact of different 
beer packaging.  
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Available LCA Research 
We have identified 15 LCA studies dating back to 2005 that consider the environmental impacts 
of the beer life cycle (see Figure 1). Three of these studies evaluate U.S. breweries or consider 
North American formats. Others consider beer production in the UK, Denmark, Greece, Italy, 
Spain, Thailand and West Australia. The available studies consider beers that are 
predominantly barley based. Greenhouse gas emissions (GHGE), also known as carbon 
footprint, is the dominant environmental impact examined in these studies, although energy and 
water use are also considered, and a handful of studies evaluate a full suite of environmental 
impacts including eutrophication potential, acidification potential, ozone depletion potential, and 
human and ecotoxicity. 

Key Findings 
An overview of the reviewed beer LCA 
studies reveals inconsistencies about which 
life cycle stage makes the greatest 
contribution to environmental impacts. This 
variability appears to be largely dependent on 
what packaging/delivery format is being used. 
In general, production of raw materials 
(dominated by malted barley) and packaging 
emerge as the two most important life cycle 
stages for a variety of environmental impact 
categories. One U.S. study shows that if beer 
is refrigerated by the retailer and then kept in 
refrigeration by the consumer for a long 
period, retail and home refrigeration can also 
be an important contributor to the carbon 
footprint of beer; however, not all studies 
include these stages in their assessment. 
Figure 2 shows the average contribution of each life cycle phase to the overall carbon footprint 
(CF) of beer production found in literature.  

Figure 3 provides an aggregated look at the distribution of greenhouse gas emissions across 
major life cycle stages for the production and consumption of one liter of beer. Color-coding of 
the packaging format in Figure 3 demonstrates a distinguishing trend in the packaging stage. 
Most single-use glass and aluminum can scenarios have larger carbon footprints than average 
for the stage, whereas steel can and keg delivery scenarios are below the average. The glass 
bottle scenarios below the average are return/refill glass scenarios; the one high return/refill 
scenario assumes only a 51% return, meaning every other filled bottle is newly made glass. In 
the following sections, we provide more information on the environmentally important stages in 
the beer life cycle. 

  

FIGURE 2. Average contribution of 
each life cycle phase to the overall 
CF of beer production. 
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US Sales of Beverage Packaging (2000-2017)

©Container Recycling Institute, 2020.



PET plastic water bottles are the primary source 
of beverage sales growth
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Aluminum	
Cans

PET
Bottles

HDPE	
Bottles

Glass
Bottles

Subtotal,	
bottles	&	
cans	

All beverage sales 1,467,300 2,876,859 764,727 12,213,967 17,322,853

Deposit beverage sales 344,074 651,135 53,539 2,031,922 3,080,670

All beverage recycling tons 653,760 702,333 238,905 2,739,812 4,334,810

All beverage recycling rate 44.6% 24.4% 31.2% 22.4% 25.0%

Tons	redeemed 263,084 389,799 19,357 1,306,969 1,979,209

Redemption	rate 76.5% 59.9% 36.2% 64.3% 64.2%
Tons	redeemed	as	a	
proportion	of	all	
beverage	recycling	tons

40.2% 55.5% 8.1% 47.7% 45.7%

© Container Recycling Institute, 2020

U.S.	Deposit	tons	recycled	vs.	total	beverage	tons	recycled,	2017

Source: data derived from "2017 Beverage Market Data Analysis," The Container Recycling 
Institute, 2020. 
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Deposits drive up the 
overall U.S. beverage 
container recycling rate

Nearly half of all 
beverage containers 
recycled in the U.S. 
came from the 10 bottle 
bill states—although 
they have only 28% of 
the US population
(2018).



Recycled PET Content in Bottles 
(1996-2017)

©Container Recycling Institute, 2020.



CA AB793 is now a LAW!
• First bill in US to require min. recycled content in 

plastic beverage bottles
• Applies to bottles covered under CRV

• Manufacturers who miss target: penalty fee of 
20¢/lb of PCR short of target
• Some specific discretion allowed 

• Reclaimers required to report weight & resin type 
of empty plastic CRV bottles collected and sold per 
year to CalRecycle

• Governor Newsom signed on 9/24/2020

15% min. recycled content by 2022

25% by 2025

50% by 2030



Region
Year 

Passed
Year 

Implemented

2018 
Population 
(millions)

New South Wales, Australia 2016 2017 7.9

ACT - Canberra 2017 2018 0.4

Queensland 2017 2018 2.7

Maharashtra, India 2018 2018 121.4

Malta 2018 2019 0.4

Western Australia 2018 2020 2.7

Jamaica 2019 2020 2.9

Latvia 2018 2020 1.9

Slovakia 2019 2020 5.4

United Kingdom 2018 2021 66.6

Romania 2018 2022 19.6

Turkey 2018 2022 81.9

Portugal 2018 2022 10.3

Tasmania 2019 2022 0.5

New Zealand 2019 2022 4.8

Belarus 2020 9.5

Victoria, Australia 2020 2023 6.4

Singapore 2020 2022 5.9

Total 351.2

New Container Deposit Laws Enacted for 351 Million Since 2017



Existing and 
new laws 
will serve 
more than 
635 million 
people
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Container Deposit Laws: A Growing Global Trend



Phase 1

Identify Best 
Practice 
Principles and 
Key Elements Phase 2

Host One Day 
Conference to 
Showcase Best 
Practices 
(March 16, 
2020)

Phase 3

Series of 10 
Meetings to Discuss 

Key Elements Phase 4
Creation of 
Guidebook

Best Practices for Container Deposit Laws



To Get More Information

www.facebook.com/container.recycling

Main website: 
www.container-recycling.org

Sign up for our free weekly newsletter

Bottle Bill Website: 
www.bottlebill.org

(310) 559-7451

www.linkedin.com/company/container-recycling-
institute

@CRI_recycle
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Judith Enck
President, Beyond Plastics
Visiting Professor, Bennington College
Former EPA Regional Administrator
www.beyondplastics.org
JudithEnck@Bennington.edu
@Plasticsbeyond on twitter – live tweet 
this talk

http://www.beyondplastics.org/
mailto:JudithEnck@Bennington.edu


The Solid Waste Hierarchy is 
Upside Down

1. Reduce and Reuse
2. Recycle and compost
3. Landfill and incineration
However, most of the effort and money goes in to the 
bottom rungs of the hierarchy: bury and burn. This is 
not sustainable materials management.



Exhibit A:   Plastics

We are turning our oceans into landfills.
Half of all plastics ever made were made in the past 15 
years.

Huge climate change implications, i.e. ethane crackers.
There are micro plastics in our air and food and water.
Plastic recycling clocks in at an anemic 8.5%
Only recycle #1 and #2 plastics.



We Are a Throw Away Society

The United States makes up 4.25% of the world’s 
population

Uses 17% of the world’s energy
24% of the world’s natural resources
12% of the world’s solid waste.



Unfair to local governments

Local Taxpayers Get stuck:
• Cleaning up litter
• Picking up Solid Waste at homes and businesses
• Paying Tipping fees at incinerators or landfills

Yet, have little control over the ever increasing 
amounts of waste



Environmental Justice Issue

•Have You Ever Seen a Landfill or 
Incinerator Sited in a Nice Section of a 
White, Affluent Community?
•They are almost always sited in low 
income communities and communities 
of color, including in rural areas.



What Can be Done?

Massive Grassroots Effort to Reduce Plastic 
Pollution

The Plastic Trifecta.   See BeyondPlastics.org

And

The Break Free From Plastic Pollution Act in 
Congress, Senate bill 3263  House bill 5845



Nelson Mandela Said:

It is always impossible until it is done.



Upcoming Webinars (Eastern Time)

Industry
November 18

3:00 – 4:00 pm

Food & Land-Use
November 24

3:00 – 4:00 pm


