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BASICS -- TERMINOLOGY

Bioplastics encompasses two separate but interlinked concepts: 

(a) biobased plastics representing the “beginning of life” of the plastic

 Origins of the carbon feedstock/resource 

(b) biodegradable-compostable plastic (in addition to mechanical & chemical 
recycling) representing the “end-of-life”

• Organic/biological recovery (recycling) through composting & AD

BioPolymers – broad class of polymers includes biological molecules like DNA, RNA, 
carbohydrate polymers like starch, cellulose, chitin X



BASICS -- TERMINOLOGY
Biobased plastics and products refers to:

 Origins of the carbon in the polymer

 Plant-biomass feedstock (biobased/renewable) vs petro-fossil feedstock

 The “beginning of life” and does not address end-of-life 

 Biobased products are not necessarily and automatically biodegradable-compostable
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Carbon footprint reduction strategy using bio contentUnderstanding the Value Proposition for biobased vs petro/fossil carbon
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CO2 + H2O (CH2O)X + O2
photosynthesis

sunlight energy

Biomass, Ag & Forestry crops & 
residues

NEW CARBON

Petro-Fossil Resources (Oil, Coal, Natural gas) -- OLD CARBON

> 106 YEARS

1-10 years

Biological Carbon Cycle – the material carbon footprint

PRODUCTS

1. Ramani Narayan,  Carbon footprint of bioplastics using biocarbon content analysis and life cycle assessment, MRS (Materials Research Society) 
Bulletin, Vol 36  Issue 09, pg. 716 – 721, 2011

2. Ramani Narayan, Biobased & Biodegradable Polymer Materials: Rationale, Drivers, and Technology Exemplars; ACS (an American Chemical 
Society publication) Symposium Ser. 1114, Chapter 2, pg 13-31, 2012

 Removes CO2 from the environment and incorporates it into a polymer molecule via plant-biomass photosynthesis in a short time scale of one 
(agricultural crops, algae) to 10 years (short rotation wood and tree plantations) in harmony with Nature’s biological carbon cycle

 Petro/fossil resources are formed from plant biomass over millions of years and so cannot be credited with any CO2 removal from the environment even over a 
100 year time scale ( the time period used in measuring global warming potential, GWP100)

biobased –containing organic carbon of renewable origin like agricultural, 
plant, animal, fungi, microorganisms, marine or forestry materials living in 
a natural environment in equilibrium with the atmosphere. 
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Stochiometric equation showing CO2 "removal" from the environment and incorporation
the carbon into biobased polyethylene molecule

(88 kg) (28 kg)

+ 6nO2C6H10O5 n
Starch/Cellulose

C6H10O5 n
+ nH2O hydrolysis

For every kg of bio-PE manufactured there is 3.14 kg of CO2 removed from the environment.
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 + 6nO2
photosynthesis

nC6H12O6 2nCH3CH(OH)COOH
fermentation

2nCH3CH(OH)COOH nC6H8O4(Lactide)
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(PLA)
_____________________________________________________________
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NET 6nCO2
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(PLA) + 6nO2

+ 2H2O

264 Kg 144 Kg

1.83 Kg of CO2 removed from the environment to manufacture 1 Kg of PLA

Exemplar: PLA
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For bottles:
37.5 MM tons PET used
17.2 MM tons CO2 removal from 
the environment – equivalent to
40 million barrels of oil/yr
savings

Exemplar -- biobased polyethylene terephthalate -- PET

4nCO2
 + 6nH2O 5nO2+NET

(176 kg) (124 kg)
2n HO-CH2-CH2-OH

1.42 kg of CO2 removed from the environment for every kg 
of bio-MEG produced
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Cradle to Grave Scenario
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Carbon footprint reduction strategy using bio content
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CO2 + H2O (CH2O)X + O2
photosynthesis

sunlight energy
Plant-Biomass, Ag & Forestry 
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NEW CARBON

Petro-Fossil Resources (Oil, Coal, Natural gas) -- OLD CARBON

> 106 YEARS

1-10 years

PRODUCTS

biobased –containing organic carbon of renewable origin from agricultural, plant, animal, fungi, 
microorganisms, marine or forestry materials living in a natural environment in equilibrium with the atmosphere. 

12C (98.89%); 13C (1.1%); 14C (1x10-10 )
14C/12C = ~ 10-12 in the atmosphere in equilibrium with 
plant-biomass living systems

14C t0.5 = 5730 years; so fossil carbons have no 
14C carbons remaining -- zero radioactivity 

Biobased carbons will have the same 14C 
radioactivity as in plant biomass and in the 
atmosphere – providing a tracer for carbon 
in the environment to product molecule 

ASTM D6868; ISO 16620 (Pt 2) -- Fundamentals
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Radioactive decay of C14

(-dN/dt=k*N) 

N = No*exp(-k*t) 
k = ln 2/(t1/2) ; t1/2 = 5730 years

Products containing biobased carbons -- carbon 
originating from “ living systems (plant biomass) in 
a natural environment in equilibrium with the 
atmosphere” will retain the same isotopic ratio for 
100 years.

Comparing the isotopic ratio of the test product with 
a 100% biobased standard product provides the 
amount of biobased carbons in the test product. 
Fossil carbons will have zero radioactivity left as 
they are formed over millions of years.
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The amount of C-14 is measured relative to a more abundant isotope (i.e., C-13 or C-12) in the ion beam of an AMS 
(accelerator mass spectrometry) or by decay counting. 

Absolute quantification comes from comparing the sample's measured isotope ratio to that of pre 1950  biobased 
oxalic acid radiocarbon Standard Reference Material (NIST SRM) 4990c, (referred to as HOxII) after correcting for 
isotopic fractionation. Values must also be corrected for the C-14 pulse injected into the atmosphere (1950-63) from 
atmospheric testing of nuclear weapons

AMS is a technique for measuring isotope ratios 
with high selectivity, sensitivity, and precision



So what does 50% biobased (carbon) content  of your product mean?

 pMC (percent modern carbon) = 50%

 obtained by comparing the isotopic (14C/12C; 4C/13C) ratio of the test sample with the isotopic 
ratio of a pre-1950 oxalic acid (from wood) standard sample and assigning the oxalic acid 
standard sample 100 pMC (percent modern carbon) – 100% biobased (carbon) content

 Zero pMC represents the entire lack of measurable 14C atoms in a material above background 
signals thus indicating a fossil carbon source (old carbon). One hundred pMC indicates all the 
carbons originate from biobased (plant-biomass feedstock (new carbon). A pMC value between 
0 and 100 indicates a product containing both fossil and biobased carbons.

 There are 50 kg of biobased carbon for every 100 kg of organic carbon present in the product 
(can substitute any other mass unit for kg, like g, lbs, ton)  

 There are 50 kg of biobased carbon for every 100 kg mass of product  
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Standards for Carbon and environmental value proposition – general principles (Pt 1); material carbon footprint (Pt 
2) Process carbon footprint (Pt 3); Total environmental footprint (Pt 4); Use, Reporting, Declaration, and Claims (Pt 5) 
are in progress. These will be balloted as are at the Draft International Standard (DIS) 22526 Part 1 through 3

ISO/TS 14067:2013 specifies principles, requirements and guidelines for the quantification and communication of the total 
or partial carbon footprint of a product (CFP), based on International Standards on life cycle assessment (ISO 14040 and 
ISO 14044) for quantification and on environmental labels and declarations (ISO 14020, ISO 14024 and ISO 14025) for 
communication. 

Standards to provide the tools and methodology to communicate clearly and transparently the value proposition of 
biobased plastics in terms of material and process carbon footprint, and total environmental footprint using the biobased 
content data from ISO 16620 series standards (ISO/TC 61/SC14/WG2)



Narayan

System Boundaries for WD
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Part 4. Life Cycle Assessment



ENABLER FOR:
Circular Economy Model applied to design and engineering “new plastics”



BIOBASED 
PLASTICS

Biodegradable in 
“managed” 
environmentally  
responsible end-of-
life disposal systems 

Landfill; Ocean, litter

Source: New plastic economy– Rethinking the future of plastics

WG 23 
ISO 16620 Plastics: Biobased content 
–Pt 1-5
New DIS on carbon and environmental 
footprint pts 1-4

ISO 15270 – Guidelines 
for the recovery and 
recycling of plastic waste

WG 22 
Biodegradability standards 



Landfill; Ocean, litter

Composting

Circular Economy (CE) concept – New plastic economy– Rethinking the future of 
plasticsC

World Economic 
Forum and the Ellen 
MacArthur 
Foundation, with
McKinsey & Company 
as knowledge 
partner 

Project MainStream, 
a multi-industry, 
global initiative –
2014
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Is their conflict with food production and or land use impacts?

 Single biggest misperception/myth prevailing in this space

 Need to decouple “biobased materials” production from “biofuels” production

 A biorefinery can and already manufactures food and industrial products – unlike the petroleum refinery 
which needs to manufacture fuel and chemicals. 

 1.4 billion hectares (ha) of arable cropland (world bank numbers), and if one includes pasture land, then 
there is about 5 billion ha of arable land. 

 The total amount of plastics usage for the entire world in 2016 is around 300 million tons. If the entire 
(300 million tons) plastics is PLA, the amount of arable land needed would be around 5% of the 
available arable crop land and if you consider the total arable land then the number drops to around 1%. 

 Entire worlds plastic production requires only 1% of the available arable land. [Calculations for arable 
land needed is available]

 The European BioPlastics Association has done their own calculations and the results are shown in the 
figure below. Their calculations are based on bioplastics production numbers in 2013 and 2018 and show 
that arable land needed would be 0.01 and 0.02 % respectively. 
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What happens to product after use when it enters the waste 
stream
 Recycling (Collection, buy back/mail back programs)
 Mechanical & Chemical (to monomer) recycling
 Design for biodegradability (in what disposal environment?)

 Composting 
 COMPOSTABLE PLASTICS!

 anaerobic digestion
 Landfill gas (CO2 + CH4) for energy but digestate

residue needs to treated by composting 
 Marine X
 soil

 Misleading and Deceptive biodegradability/compostability claims –
BEWARE !

Carbon footprint reduction strategy using bio contentEND OF PRODUCT LIFE – BIODEGRADABILITY-COMPOSTABILITY

21
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BASICS – biodegradable-compostable

biodegradable-compostable plastics can be a viable and responsible “end-of-life” solution in 
harmony with the “circular economy” concepts  of closed loop systems

CAUTION: Unqualified use of the term “biodegradable” is wrong, misleading, and deceptive. It violates the law in 
California and U.S. FTC green guides.

Need to define disposal environment, time/rate and extent of biodegradation – qualified 
biodegradability claim

Needs to be complete in a safe, timely and efficacious manner
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SOLUTION FOR PLASTIC WASTE FROM LAND INTO THE MARINE ENVIRONMENT

4.8 to 12.7 million tonnes (5.3 to 14.0 million tons) of plastic 
entering the ocean in 2010 from land-based waste

Learnings from the Science paper -- FEBRUARY 2015 • VOL 347 ISSUE 6223, pg 768
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Low-residual-value plastic waste is more likely to leak than high-value plastic.
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DIVERT PLASTIC LANDFILL 
WASTE  TO  COLLECTION & 
RECYCLING

Organics including 
compostable plastics for 
recovery by composting, 
anaerobic digestion

Plastics recovery through 
mechanical and chemical 
recycling including waste 
to energy
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TAKE HOME MESSAGE

 The marine environment is NOT a disposal environment like composting or anaerobic digestion which  are 
sound end-of-life options for truly and completely biodegradable plastics

 For products used in the marine environment like fishing nets, lobster pots, “biodegradability” may 
provide a value attribute so  that if it is “inadvertently” lost and enter into the marine environment they 
are utilizable as “food” by the microbial populations over a period of time. 

 However, even these biodegradable plastics  can persist over a long period of time in many ocean 
environments and could have negative environmental impacts – so there is a value attribute that can be 
built in but NOT A SOLUTION!

 Keep “plastics” out of the marine environment, and prevent leakage to landfills, and litter

 Design for compostability/biodegradability in managed end-of-life disposal systems like composting or 
anaerobic digestion coupled to composting and remove it from the “mismanaged waste” stream

 No release or leakage into natural environments like oceans, and terrestrial (litter)  and no landfilling

 Use biobased, renewable carbon feedstocks (carbon footprint reductions) and in harmony with the new 
“Circular Economy” model
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