Sustainable Systems
Research Foundation



Presenter
Presentation Notes
Working with existing players and institutions, we take a systems approach to wicked problems, and seek solutions that are scalable, replicable and leverageable, then try to field-test promising solutions on a big enough scale to matter. ��We’re tiny – we work more as a strategic catalyst than a driver.��Monterey Bay is an excellent place to try these things out: ~1M people, diverse socio-economic demographics, rich agriculture, decent renewables, progressive intent politically, with significant challenges and conceptually retrograde institutions on the ground. 
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Cellophane is the original biodegradable plastic – made from cellulose, it revolutionized commercial packaging by the mid-20th century, then was overrun by petroleum-based plastics starting in the 1980’s.��Cellophane was a big deal when it first hit the market – it is in the Cole Porter song jazz song You’re The Top
Following the introduction of moisture-proof Cellophane in 1927, sales tripled between 1928 and 1930. By 1938, Cellophane accounted for 10% of DuPont's sales and 25% of its profits.
  


Today’s presentation:

* The approach

* The problem

* Why plastic recycling won’t work
e Bottom-up, top-down, middle-out

e Our story thus far


Presenter
Presentation Notes
I want to try and blow through this in a little over a half-hour, to leave time for questions and discussion. You will get a copy of this PowerPoint deck and notes. The deck and this webinar will be available online, along with extended notes, background references, and ongoing updates.

We look forward to an ongoing conversation with all of you. 
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Sustainable Procurement Integration Network (SPIN)
* A systems approach to propagating emerging best practice

* Build cooperative relationships with regional/local stakeholders to
inform and transform default procurement choices
e Agricultural producers
* Regional food manufacturers
* Local grocery chains
* |nstitutions
* Restaurants and take out
* Local governments

* Middle-out: focus on the leveraging the interface between
distribution and wholesale/institutional purchasers

* Simplify the back end by de-emphasizing recycling


Presenter
Presentation Notes
Systems approach: we are looking at the entire value chain and life cycle to understand where the most effective intervention points are. Our current thinking is that the best way to prevent problems on the back end is to transform front-end procurement and distribution.

Middle-out: focusing on individual behavior change is unrealistic, unfair, and utterly ineffective. Efforts to change corporate/market default behavior have failed. Recycling has failed. Government mandates are weak and clumsy. The most effective place to intervene is where producers and retailers make their materials and packaging choices.��Cooperative relationships: What’s missing? Working with individual producer/retailers to match their needs to best available sources. Cooperative communication between and among community stakeholders. Accurate, detailed, real-time technical and sourcing information. Standardization of best practices. Demand aggregation to leverage influence on manufacturers and distributors.

We have less than a generation to save global civilization. The world is full of useless one-off solutions. Anything that cannot be widely replicated, scaled, or used to gain strategic leverage is a waste of our collective time. The core challenge is to identify opportunities and strategies for fundamental transformation of the scale of a couple of decades, and directly engage with existing systems to make lasting change happen on the ground.  
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Global plastics production, 1950 to 2015

Annual global polymer resin and fiber production (plastic production), measured in metric tonnes per year.
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Source: Geyer et al. (2017) CC BY
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Presentation Notes
Plastic production increased twenty-fold since Earth Day, 50 years ago.��We’ve produced 8.3 thousand million tons of plastic so far, most of it in the last 20 years. We increase that amount by more than 5%  a year, and rising.��Plastics have become a huge global problem in living memory. 

Typical economic analysis fails to capture the full cost of plastic production:
LCA analysis hardly ever includes back end mitigation, and never includes the incalculable cost of its global environmental impacts.
Plastic producers and manufacturers have successfully externalized back-end environmental costs. Regulation has failed.
Cultural memes play to systemic blind spots, techno-fantasy and the cult of the individual. This conceptual failure dominates the conversation about solutions, resulting in  decades of failure to effectively respond. We will return to this point.  

The complexity of plastics options are routinely used to obfuscate lack of substantive industry action. 
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Presentation Notes
Cheap oil production costs will continue to drive plastic production. Carbon pricing will not change that.

Acceleration of plastics in the developing countries means that high technology, capital-intensive, coordinated infrastructure recycling will always be niche solutions at best. ��Obfuscation will continue to dominate the recycling conversation.


aHELL SCENARIOS

Sky

MEETING THE GOALS OF
THE PARIS AGREEMENT

“The Sky scenario illustrates a technically
possible, but challenging pathway for
society to achieve the goals of the Paris
Agreement. Sky builds on previous Shell
scenarios publications and is our most
optimistic scenario in terms of climate
outcomes.”
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Presentation Notes
Here’s how we know that the problem is about to get much worse: plastic production is central to the generation-scale business model of the global oil industry.

“Sky” is Shell Oil’s current sustainability scenario. Of the four futures that Shell Oil has articulated, it is the only one that even attempts to map to preventing catastrophic climate change.  




fHE EVOLVING ENERGY SYSTEM CO, BALANCE SHEET IN SKY

MA Fossil el production g €C5 bk Biokuel producion & Bioanergy with €C5 bl wstonin e, I G i

2 020 Bioenergy production and use

Net emissions Photosynthesis
35.2 Gt

(all emissions
are Gt of CO;)

Materials

37.8 Gt
Fossil fuels
Today, most carbon in fossil energy production is burned and emitied fo the atmosphere,

while the CO; absorbed by wood and other plants used for energy is also returned to
the atmosphere

2 O 5 0 Emissions from biofuel use

11.8 Gt

Net emissions

Photosynthesis

28.6 Gt

Geological storage of CO:

Fossil fuels

In Sky, in 2050, the storage of CO» is rapidly scaling up. There are equal contributions from
the embedded carbon in materials production and CCS. Fossil energy CCS leads the way,
but bioenergy CCS (BECCS) is close behind

Emissions from biofuel use
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Photosynthesis
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emissions f:'“ Gt

Fossil fuels  Geological storage of CO2

In Sky, at 2100, the bioenergy system has reached ils resource base limit and is twice the
size of the fossil energy system in CO; terms. The aclive management of CO; means that
the total energy system is providing o drawdown of CO; from the atmosphere.

2070

Emissions from

15.1
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In Sky, in 2070, the energy system has achieved netzero emissions. Fossil energy production is
less than half today's level. Alongside direct CCS and the use of carbon for materials, the remaining
fossil energy emissions are fully offset by captured CO; from an expanded bioenergy system.
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Presentation Notes
The one thing that we know about this scenario is that it will never happen. We don’t have time to go into the surreal aspects of this forecast. For our purposes today, the main thing to notice here is that plastic production doubles by 2050, triples by 2100.��High value-added plastic production is a core strategic goal of the global petroleum industry to maintain economic dominance and shareholder profitability. �
This agenda is being carried out in real time. In the United States, the petroleum industry is already acquiring land and ramping up to make hundreds of billions of dollars in new investments in plastic production.
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Primary plastic production by industrial sector, 2015

Primary global plastic production by industrial sector allocation, measured in tonnes per year.

Packaging 146 million tonnes

Building and Construction 65 million tonnes

Textiles 59 million tonnes

Other sectors 47 million tonnes

Consumer & Institutional Products 42 million tonnes

Transportation 27 million tonnes

Electrical/Electronic 18 million tonnes

Industrial Machinery |8 3 million tonnes

0 tonnes 40 million tonnes 80 million tonnes 140 million tonnes
Source: Geyer et al. (2017) CC BY
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Presentation Notes
Packaging, cheap consumer products, and textiles dominate the problem. ��A lot of construction is thermoset plastics (e.g. epoxy, insulating foams, ~10% of global plastics production and growing) which tend to be both toxic, and completely non-recyclable.
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Mean product lifetime of plastic uses, 2015

Mean product lifetime (from production to disposal) of different uses of plastic products, measured in years.

Building and Construction 35 years

Industrial Machinery 20 years

Transportation 13 years

Electrical/Electronic 8 years

Other sector 5 years

Textiles 5 years

3 years

Consumer & Institutional Products

Packaging @ 0.5 years

Oyears b5Syears 10years 15years 20 years 25years 30 years 35 years
Source: Geyer et al. (2017) CC BY
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Product lifetime is almost inversely proportional to production.

Standard waste analysis radically understates the how much trouble we’re in. Waste composition is reported by weight. The problem is volume. Short-lived plastic waste produces ~4 times more volume per unit weight than average. The problem is getting worse. 


» Balance of plastic production and fate (m = million tonnes)

8300m produced - 4900m discarded + 800m incinerated + 2600m still in use (100m of recycled plastic)

Straight to landfill
Plastic used once or discarded
Total primary plastic 5800m 4600m
production
8300m

Recycled then
discarded

300m

Recycled 500m

Recycled still
in use

100m

Source: based on Geyer et al. (2017). Production, use, and fate of all plastics ever made.
This is a visualization from OurWorldinData.org, where you find data and research on how the world is changing. Licensed under CC-BY-SA by Hannah Ritchie and Max Roser (2018)
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Presentation Notes
Recycling has failed. For plastics, it’s not 10% recovery. It’s more like 1% recovery. We’ve incinerated 8 times more than we’ve recycled.
�It’s not a circular economy. It’s more like a loop-the-loop.
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Presentation Notes
In the early 1970’s, Vermont and Oregon initiated an attempt to retain the pre-plastic pattern of returning beverage bottles and cans, forcing manufacturer responsibility for end of life. Most states followed suit.

State laws required stores to accept returns, but there were no consequences. Today, almost nobody does.

5 cents in 1972 is 1 cent today in real terms.

Non-store recycling centers have closed.��Bottle deposits in the US have collapsed to a proprietary subsidy that props up franchise and municipal recycling operations.  ��Similarly, paper bag surcharges are becoming a modest new revenue stream for stores and restaurants. 


Plastic recycling doesn’t work

There are on the order of 20,000 plastics additives in common use today.!

Industry-imposed plastic type identification codes are largely useless for recycling/upcycling.
There is limited to zero industry standardization.

Recyclability is not just a function of plastic type, but of additive compatibility, recycling process,
and previous life cycle history. Contamination, provenance, partial material degradation, and
inconsistent properties are difficult and expensive to reliably control.

Single down-cycling to landfill/incineration is the default plastic “recycling” path.

Complicated, confusing, inconsistent, shifting “acceptable” individual behavior expectations is
inefficient, ineffective, and evades manufacturer responsibility via cultural shaming.

“Compostable” plastics can cross-contaminate both recycling and compost streams.

High-resolution sorting, closed loop infrastructure, and materials standardization are necessary,
but complicated, expensive and ultimately insufficient. They are essentially niche solutions.

1Goodsmith 2007



Fig. 2. The colour change in HDPE can be clearly seen after 10 process cycles.
Virgin material (top left ), material injection moulded and re-granulated 10 times
(bottom left).

Source: Goodship 2007



Table 2. Common additives for plastics

Additive

Purpose

Calcium carbonate

Pigments

Glass fibre
Flame retardants
Heat stabilisers
Light stabilisers
Plasticisers

Foaming agents

Filler: generally used for cost reduction as much
cheaper than polymer

Give the plastic a colour. Generally for aesthetic
properties

Increased strength and stiffness
Increase fire resistance

Increased resistance to heat exposure
Increased resistance to light exposure
Process aid which reduces viscosity

Lightness and stiffness

Source: Goodship 2007



Additive type

Example substance

Used 1n which plastics?

Plasticisers

Flame
retardants

Stabilisers,
ultraviolet
stabilisers,
antioxidants

Slip agents

Biocides

Inorganic
pigments

Organic
pigments

Fillers

Short, medium and long chain
chlorinate paraffins.

Phthalates: Bis (2-ethylhexyl)phthalate
(DEHP), dibutylphthalate (DBP),
dipehnylphthalate (DPP).

Adipates: diheptyl adipate (DHA),
heptyl adipate (HAD), heptyl octyl
adipate (HOA).

Brominated flame retardants;
polybrominated diphenylethers
(PBDEs), decabromodiphenylethane.

Phosphorous flame retardants; tris
(2-chloroethyl)phosphate (TCEP),
tris (2-chlorisopropyl)phosphate
(TCPP).

Bisphenol A (BPA)

Cadmium and lead compounds
Nonylphenols, octylphenols
Butylated hydroxytoluene

Fatty acid amides
Fatty acid esters
Zinc stearate

Organotins
Arsenic compounds
Triclosan

Cadmium, chromium and
lead compounds

Zinc oxide

Iron oxide

Titanium dioxide

Lead carbonate

Aluminium and copper
powders

Cobalt(n) diacetate

Calcium carbonate
Zinc oxide

Barium sulphate
Glass microspheres
Nanomaterials
Clays

Mostly used in PVC and
cellulose based polymers
where they can make up
to 75% w/w of the final
product.

Brominated compounds
can reach 25% w/w of the
final polymer.

Up to 3% w/w; phenolics
generally added at lower
amounts.

Added at up to 3% w/w
depending on the

polymer type.

Added primarily to soft
PVC and polyurethane
foams.

Non-fluorescing

substances show lower
migration rates.

Insoluble, low migration
tendencies.

Can make up to 50% w/w.

Source: Galloway 2019
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I’m just adding this to give a little more detail.
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The back end of recycling requires enormous infrastructure to do effectively. Simplifying the front end to eliminate the back end is much cleaner.��All of the technology fixes for recycling infrastructure rely on capital-intensive, complex equipment, standardized materials, and specialized supply chains. They will never be more than niche solutions, largely controlled by dominant recycling corporations in large urban zones of industrialized countries. 
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Does Washington State recycle plastic bottles that aren’t empty, clean, and dry? It depends on where you are.��Pizza boxes are recycled in Chatham NC, composted in Seattle and Portland, landfill in Santa Cruz.


Recyclable, compostable, or landfill?

ik



Presenter
Presentation Notes
Here’s what happens to the end user in a world where both the materials and recycling/composting/landfill guidelines are unclear.��You have about three seconds to think about it. What are you going to do? If you make the wrong choice, you are contaminating whichever stream you threw it into.�
Three good options:
Reusable utensils
Non-plastic to-go utensils
Everything that got handed to you is compostable

Portland is best at this – restaurants do one of the above, and make it clear to customers. There are many lunch spots with no trash or recycling bin.
Santa Cruz can neither recycle or compost these, even if they happen to be recyclable or compostable.
�


“Sustainable” plastic is complicated

* Bio-based

* Degradable

* Biodegradable
 Compostable
* Composite

Each term implies very different characteristics. They are sometimes mutually exclusive. They
are routinely used interchangeably to obfuscate the nature and implications of the materials
they describe.

With a single exception (PHA variants), none are currently sustainable, compostable bioplastics.
As with bioenergy, we’re still waiting for algae to save the day, real soon.

Some “sustainable” packaging solutions are as bad or worse than conventional plastics.



¢ Biobased or partially biobased non-biodegradable plastics such as biobased PE, PP, or PET (so-called drop-ins)
and biobased technical performance polymers such as PTT or TPC-ET;

¢ Plastics that are both biobased and biodegradable, such as PLA and PHA or PBS;

e Plastics that are based on fossil resources and are biodegradable, such as PBAT.

Non

biodegradable

Biobased

Bioplasti
Bioplastics SRS
e.g. PLA, PHA,

e.g. biobased PE, PBS, Starch blends

PET, PA, PTT

----------------------------------

Oxo-biodegradable
Conventional Bioplastics

plastics
e.g. PBAT, PCL

é.g PE, PP, PET

Fossil-based

Biodegradable

Source: European Bioplastics 2019
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Presentation Notes
When Desani talks about bioplastic goals, they are simply talking about regular plastic from non-fossil sources. It’s more expensive, and solves nothing. ��Missing – oxo-degradable plastics, one of the most pernicious variations. These are conventional plastics embedded in a degradable/biodegradable binder.
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Another fundamental cultural tendency that enables our continuing denial of how much trouble we are in ��Bioplastics are 0.5% of global plastics production. Of that, half is conventional plastic from non-petroleum sources – a marketing concept, not a solution. 


Global production capacities of bioplastics 2019
(by material type)
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More information: www.european-bioplastics.org/market and www.bio-based.eu /markets
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Here’s our starting problem when we talk about composting instead of recycling. ��The bulk of the degradable and biodegradable remainder is petroleum-based PBAT and PBS variants and PLA (high environmental footprint and low degradability). Starch-based plastics are great, but have material limitations. PLA dominates because it integrates well with corporate agriculture. The only true non-cellophane bioplastic shown here is PHA. Its production barely registers at this point. 



 PLAis more degradable than biodegradable.

« Enzymes which hydrolyze PLA are not available in the
environment except on very rare occasions.

Ecological studies on the abundance of PLA-degrading microorganisms in different environments
have confirmed that PLA-degraders are not widely distributed, and thus it 1s less susceptible to microbial
attack compared to other microbial and synthetic aliphatic polymers [10,11,34]. The degradation of PLA
in soil 1s slow and that takes a long time for degradation to start [47.48].

Source: Tokiwa et. al. 2009
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PLA dominates the “compostable” niche. It’s not. It decomposes at over a period of several months at temperatures above 60o C.


Marine Degradation Reality

L % Biodegradation after
Material Cumulative Carbon 180 days
Initial % Carbon Dioxide evolution
in 1.g sample after 180 days, g
Mirel 4100 film 2445 0.4041 45.08
Mirel 2200 film 2412 0.3380 38.22
Cellulose powder 16.96 0.2071 33.31
PLA bag 17.09 0.0279 4.45
PLA bottle 17.43 0.0199 3.11
LDPE film 20.98 0.0254 33
Carbon Biodegradation Percentage
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Under ambient conditions, PHA disappears, PLA does not.

Under typical composting conditions, PHA disappears fast, PLA does not.


"We support applying the precautionary principle by banning oxo-degradable
plastic packaging from the market until extensive, independent third-party
research and testing based on international standards... possibly combined with
technological progress and innovation, clearly confirms sufficient biodegradation
of the plastic fragments in different environments, and over a time-scale short
enough for particles not to accumulate in ecosystems."

"To create a system in which plastic packaging never becomes waste, we support
innovation that designs out waste and pollution, and keeps products and
materials in high-value use."


Presenter
Presentation Notes
Despite intensive lobbying, Europe is banning oxo-degradable plastics. Meanwhile production in the US of “sustainable, compostable” fossil fueled oxo-degradable plastic products is ramping up.


PLA doesn’t have a lower carbon footprint
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Fig. 3 | GHG-emissions breakdown by life-cycle stage of plastics derived from different feedstock types under two energy-mix scenarios in 2050.
a, GHG emissions under the current energy-mix scenario in 2050. b, GHG emissions under a 100%-renewable-energy scenario in 2050. Emissions results
are based on the scenario with a 4% yr' growth rate for plastics demand and the projected EoL-management mix (Supplementary Table 10). Carbon

credits generated by recycling are considered.

Source: Zhang 2019
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PHA is the only biologically produced (rather than derived) plastic that we have right now. It has multiple production paths (shown here) and can be produced from biological and agricultural waste. It has a much lower carbon footprint than PLA or fossil-based plastics. It can readily be formed to replace a wide range of thermoplastics. Production is very low at this point. In the US, the first PHA film manufacturer was snapped up by Archer-Daniels-Midland, then spun off to an obscure corner of a giant Korean multinational company.
Metabolix -> ADM -> CheilJedang -> ?

 


Skipping plastic single use items entirely is a great alternative, but...
...widely marketed “compostable” paper/wood/fiber alternatives are sometimes worse

i

i
PFAS CHEMICALS MOVE
FROM FOOD PACKAGING
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Source: Toxic-Free Future 2018
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Another composting option: use paper and other wood fiber-based products. This is a great solution, and products are widely available. This only fixes a niche problem, though: single use food packaging and dining. 

And, you still need to know what you’re getting, if you don’t want to create a bigger problem. This is one place where informed procurement can make a regional difference right away, with opportunities to scale. 
�PFAS – Teflon – is a toxic coating found on many “compostable” food packaging alternatives to plastics. It is a known toxin that enters the food chain via compost is used on food crops.��Many end-use paper and wood fiber products don’t use PFAS. But without informed procurement, it poses a serious threat. That’s why widely available, comprehensive, accurate, and specific sourcing information is critical for successful procurement.


Damage and diseases caused by plastic micromaterials and/or nanomaterials:

+ Microplasitc £ Neurotoxicity: threonine, aspartate,
Nanoplastic Y taurine and phenylalanine change
Nervous system

“ 1 Liver lipid metabolism disorder
Bile acids metabolism disorder
ATP, CAT and SOD change
Angiosarcoma
AChE activity

‘ ABC transporter
Autophagy

Accumulation Cell: Fibrosis
Gut microbiota dysbosis Inflammation
Gut related diseases  Gut barrier dysfuction ~ Amino acid metabolism disorder

Microplastic and/or nanoplastic contamination in different animal species:

1 Y - P TR »
J\. 'J ;~ - k‘_,) N a._-’ -
Human Bear Seabird & bird Mouse Fish Crustaceans Bivalves Worms Bacteria Microalgae

Figure 3. Impact of plastic micromaterials and nanomaterials in organisms. Microplastics and/or
nanoplastics can enter the circulation from the gut and lungs and accumulate in the gut, liver, and
kidney resulting in several diseases. At the cell level, microplastics or nanoplastics can inhibit the efflux
pump and mitochondria depolarization, induce reactive oxygen species (ROS). They also affect several
signaling pathways, cause fibrosis, autophagy, and even DNA mutations. Many animal species have
been contaminated by microplastics and/or nanoplastics. The figure was created with BioRender.com.

Source: Wang 2020
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PFAS, like PVC, is a halogenated plastic family that is highly mutagenic and toxic. Routine use as a coating for “compostable” paper and wood alternatives to plastic is a serious environmental threat. 


Our story thus far...

Comprehensive identification of best-practice products proceeds
Compostable certification standards propagate obfuscation
Lots of vaporware and corporate consolidation
Manufacturers often not forthcoming about material specifications
* TIPA
* Biofase

Distribution chain is dominated by a few large companies.
Smaller distributors and direct contact with suppliers is promising
Working with food producers is promising

Group buys may be a place to start

Identifying good packaging design is promising

Mapping wholesale sourcing decisions is complicated sometimes
Working with institutions is surprisingly random

Working with retail stores/restaurants is promising

Many municipal governments are surprisingly obtuse


Presenter
Presentation Notes
New Leaf -> New Seasons -> Good Food Holdings -> Emart -> Shinsegae




Please stay in touch

2861 Mission Street
Suite 247
Santa Cruz, CA 95060 USA
1.831.708.5836
kevinb@sustainablesystemsfoundation.com

Updates and references at:
https://sustainablesystemsfoundation.com/projects/waste/spin/



mailto:kevinb@sustainablesystemsfoundation.com
https://sustainablesystemsfoundation.com/projects/waste/spin/
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