Only ⅓ can be burned

Impact category Units

Climate change kg CO 2 eq.

Ozone depletion kg CFC-11 eq.

Human toxicity, cancer effects CTUh

Human toxicity, non-cancer effects CTUh

Respiratory inorganics kg PM2.5 eq.

Respiratory organics kg NMVOC eq

Ionizing radiation kBq U235 eq.

Terrestrial acidification mol H + eq

Eutrophication terrestrial mol N eq Eutrophication freshwater mol P eq Eutrophication marine mol N eq

Ecotoxicity freshwater CTUe

Non-rewenable energy MJ Depletion of abiotic ressources kg Sb eq.

Water L 

Life cycle analysis LCA: Example of the grocery bags

Climate change

1.1 10 -1 7.7 10 -1 9.0 10 -2 3.9

kg CO 2 eq.

Ozone depletion

1.2 10 -9 6.4 10 -8 1.5 10 -8 1.0 10 -5 kg CFC-11 eq.

Human tox., cancer effects 1.3 10 -9 7.0 10 -9 2.3 10 -9 1.7 10 -7 CTUh

Human tox., non-cancer effects -1.1 10 -8 -1.6 10 -8 3.1 10 -8 5.6 10 -7 CTUh

Respiratory inorganics 1.6 10 -5 2.7 10 -5 1.2 10 -4 3.8 10 -3 kg PM2.5 eq.

Respiratory organics

2.0 10 -4 9.6 10 -4 3.4 10 -4 8.7 10 -3 kg NMVOC eq Ionizing radiation 6.0 10 -4 1.4 10 -2 3.8 10 -3 1.3 10 -1 kBq U235 eq.

Terrestrial acidification

1.1 10 -4 1.1 10 -3 7.4 10 -4 2.0 10 -2 mol H + eq Eutrophication terrestrial 8.7 10 -5 1.9 10 -4 1.4 10 -3 4.9 10 -2 mol N eq Eutrophication freshwater -5.6 10 -7 3.8 10 -5 1.6 10 -5 4.8 10 -4 mol P eq Eutrophication marine 2.3 10 -5 2.2 10 -4 2.4 10 -4 3.4 10 -3 mol N eq Ecotoxicity freshwater 7.2 10 -2 5.1 10 -1 1.3 10 -1 12 CTUe Non-rewenable energy 1.7 12 2.9 72 MJ Depletion of ressources 1.9 10 -6 2.1 10 -5 5.1 10 -6 1.6 10 -4 kg Sb eq. The route by which plastic enters the oceans • Each year, we use and throw away : -3,7 billions of plastic cups, -365 billions of plastics bottles, -3650 billions of plastic bags, -by 2050 more plastics than fish -10% of the plastics go to the sea

• Alliances of individuals, organizations and businesses working together to stop plastic pollution and its toxic impacts

Plastic pollution

Global plastics demand 2017 ~350MT

Plastics Thermoplastics -Can be remelted.

-Hard or tough elasticity -Sold as pellets.

Thermosets

-Cannot be remelted.

-Hard elasticity -Sold as components.

Elastomers (« rubber ») 

• propanol • propanediol • propanoïc acid • acetone • lactic acid • pyruvic acid • glycerol •… • butanol • butanoic acid • butanediol • malic acid •succinic acid •… • glucose • fructose • butanediol • glutanmic acid •… • p-hydroxy Benzoic acid •… • butyl butyrate • phenylethanol

Great

  Pacific Garbage Patch (GPGP) plastic sources Ultraviolet light (UV) and mechanical wave forces break large pieces of plastic into smaller ones called microplastics Microplastic was up to four orders of magnitude more abundant (per unit volume) in deepsea sediments than in surface waters. • Pacific ocean accumulations: o Plastic particles in suspension o Concentration : 5.1 kg/km² o More than 5 millions tons (?)

  soft elasticity and can mostly not be melted can be thermoplastics or thermosets 350 Mt* plastics demand can be split into Source: Total info, Plastics Europe ICIS, IHS, Tecnon Orbichem, Nexant -Thermoplastics: PE, PP, PS, PVC, PET, Engineering plastics (PA, PC, PEEK, TPE, …). -Thermosets: PUR, UPR, Epoxy, Elastomers. * Plastics Europe reports 299MT demand, but we included polyester, PA and acrylic fibers. -Others include: engineering plastics, other thermosets and fibers, elastomers and blends & compounds * TOP 5 polymers (PE, PP, PS/EPS, PVC & PET bottles/fibers) represent almost 75% of the market. World plastic market Huge market with continuous growth for more than 50 years (4% per year) But still based on fossil raw materials (for more than 99%) -based plastics from natural polymers 4-Drop-ins: Bio-based alternative to fossil-based polymers 5-Smart drop-ins: Bio-based derivative of "fossil" polymers 6-New polymers from biomass 7-Conclusions and perspectives Outlines Plant photosynthesis uses sunlight energy to produce sugars (glucose (C 6 H 12 O 6 )). This glucose is then condensed by the plant into natural polymers such as starch or cellulose.This plant photosynthetic process allows the binding and storage of atmospheric carbon dioxide (CO 2 ) in the form of matter in plant tissues.Annual plants such as wheat in the grains or potatoes in the tubers, synthesize starch that is renewed each year. to 'old' polymers….?…..or Design novel polymers ?What's new in the Plastic Industry ?From biomass to polymersExtracted 9/10/2019 from https://markets.businessinsider.

•→

  For some applications and in some countries (eg. FR, IT), the government imposes legislations obliging biodegradable packaging and maybe tomorrow tax incentives or obligations on bio-based plastics? Bio-based plastic has no fossil-based equivalent. Its development is driven by new functionality: PLA, PHA, PEF,… -Bio-route is developed in order to reduce cost of current (often multi-step) fossilbased pathways: succinic acid, butanediol, … -Fermentation of (flared) natural gas to PHA, for use pure or in blend with PP -(perceived) Raw material supply constraint drive development of bio-based elastomers (i.e. isoprene/butadiene-based). -Changed view on availability of unconventional over last years altered the vision of quickly decreasing fossil resources. -Societal demand for bio-based, lower environmental impact plastics drive development of drop-in bioplastics: PE, PP, … -Specific premium required on bio-plastics to compensate higher cost 400 millions tons/year Less 1% of the worldwide cellulose production ≈ 25% of the harvest wood Can use crop wastes (traditionnaly use as soil fertilizer) • Develop specific crops with high yield Biomass transformation to platform chemicals 3-Bio-based plastics from natural polymers 4-Drop-ins: Bio-based alternative to fossil-based polymers 5-Smart drop-ins: Bio-based derivative of "fossil" polymers drop-ins: Bio-based derivative of "fossil" polymers 6-New polymers from biomass 7-Conclusions and perspectives Outlines Cellulose, lignin, Natural rubber • Industrial plant in Brazil (Braskem) • Premium value on the market due to bio-origin • Too expensive outside Brazil Drop-ins: Bio-based alternative to fossilsuccinic acid cost ≈ fossil PBS polyethylene-like properties + biodegradable Tm=115°C Smart drop-ins: Bio-based derivative of "fossil" polymers

  function of time (50°C, DMSO-d6, 24h, ratio amine : CC = 1:1) Lamarzelle, O.; Durand, P.-L.; Wirotius, A.-L.; Chollet, G.; Grau, E.; Cramail, H. Polym. Chem. 2016, 7, 1439-1451. (L.mol -1 .h -1 ) Smart drop-ins: Bio-based derivative of "fossil" polymers 80°C 100 rpm, 4h > From DGDC & various DAs Conversions (%) . . . . . . . . . . . . . . . . . . . . . . . . .99% / 99% Molar masses (g/mol). . . . . . . . up to 46800 / 50 000 T g s (°C) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . up to 18 / 17 T m (°C). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .--/ 100 T d5% (°C). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .up to 227 DGDC monomer (up) and DGDC based PHU (down) SEC analysis in DMF, with PS standards, at 50°C DSC second heating cycle at 10°/min TGA traces at 10°C/min Smart drop-ins: Bio-based derivative of "fossil" polymers obtained by 1 HNMR analysis in DMSO-d6 at RT > Comparison with bulk polymerization in Schlenk tubes in DMF, 50°C, 1g/L of Libr, conventional calibration column with PS standards • In bulk at RT • In water dispersion • In hop/clove oil E. Grau, S. Mecking Green Chem., 2013, 15,

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

17% 16% 15% 13% 10% 9% 7% 7% 6% PRODUCTION

  

	PP	
	LDPE	
	PPA fibers	
	HDPE	
	PVC	
	PET	
	PU	
	PS Other	19%

20% 15% 14% 5% 11% 6% 6% 4% WASTE 2% of the plastics enter the oceans → 160 Mt Share of plastic waste that is inadequately managed (2010) 93 kt 59 kt 56 kt 21 kt 13 kt 23 kt 260 kt in the ocean's gires but 8 Mt/y of plastic enters the oceans

  

lower thermal heat resistance Epoxy prepolymer/IPDA T d 5% (°C) T d30% (°C)

  

					T S
	DGEBA		336	364	172
	DiGEDVA		273	337	153
	TriGEDVA		292	335	156
	TetraGEDVA	275	316	147
	• Slightly T S	Char 600
					(%)
	DGEBA	349	366	176	9
	DiGEDVA	275	334	152	36
	TriGEDVA	296	333	155	30
	TetraGEDVA	276	313	146	28
	• High				

char residue for biobased epoxy resins

  

Maravelias et coll. iScience, 2019, 15, 136

Smart drop-ins: Bio-based derivative of "fossil" polymers Polyester PET, PPT, PBT, PBS, PBAz … polyethylene mimick Polyamides (PA) 200 kt Smart drop-ins: Bio-based derivative of "fossil" polymers PA 12 Stiffness Hydrophobicity PTMO PEG PPG Polyamide + PA 11 PA 6 PA 6-10 Polyether Elasticity Polycondensation or Polyamides (PA) Smart drop-ins: Bio-based derivative of "fossil" polymers Smart drop-ins: Bio-based derivative of "fossil" polymers Epichlorohydrin 1.5 Mt DiGlycidylEther of Bisphenol-A (DGEBA) 3D-network 75% of epoxy are derived from Bisphenol-A (BPA) Bisphenol-A Toxicity of BPA → CMR 1 B Environnemental and economics concerns • Petrochemicals → fossil carbon • Price volatility High risk of obsolescence of BPA Smart drop-ins: Bio-based derivative of "fossil" polymers Epoxy 40-25% bio-based if epichlorohydrine bio-sourced From Lignin to epoxy resins… Smart drop-ins: Bio-based derivative of "fossil" polymers Epoxy Laccase is an oxydative enzyme found in wood rotting fungi Trametes Versicolor Divanillin Laccase generates radicals which can undergo self coupling reactions yielding dimers Coupling of Vanillin Kobayashi et al., Chem. Rev. 2009 Llevot et al., Polym. Chem. 2015, 6 (33) Enzymatic coupling Smart drop-ins: Bio-based derivative of "fossil" polymers Epoxy

Where does plastic accumulate in the ocean?

125 Mt in the ocean's gires but 8 Mt/y of plastic enters the oceans 

Schematic differentiation of pathways of drop-in, smart drop-in and dedicated bio-based chemicals