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PLASTICS PRODUCTION INCREASED TWENTY-FOLD OVER THE LAST 50 YEARS

MILLION TONNES
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WORLD ECONOMIC FORURM, ELLEN MACARTHUR FOUMDATION, MCKINSEY & COMPANY,
A NEW PLASTICS ECOMOMY: HETHINEING THE FUTLURE OF PLASTICS (2016}
WWNEWEFDRLUIM ORGREPOATS
MOTE: Production from wvirgin petrolewm-based feedsiock only idoes not include bio-based, greenhowse gas-based or

recyckad jeadsiock)
SOURCE: PlasticsEuraps, Plastics —1he Facis 2013 (2013); PlasicsEurapa, Plastics — the Facis 2015 20155
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Global Consumption of Plastic Material By Region (In kg/person)

(1980 - 2015 )
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‘ ' Bioplastics
Bioplastics loplastics

e.g. PLA, PHA,

e.g. biobased PE, PBS, Starch blends

PET, PA, PTT

HIABELDAG oo e o MEEHA

% Bioplastics

e.g. PBAT, PCL
e.g. PE, PP, PET

e =

<3T> Hjo|@ EapAE/0| £2 b= 931X o] g
1. 84 Xp AH) B2 0|35 CHS, YR 12 ogAY)
2. BRHARI |2 © 29 ZH (WYX 27|, e 23

* Xt& : European Bioplastics('16) 18/29



HEO|Q EapAE A% 712

SHOIH 22 g H3Z(PET), £H|XH/Xp3x/AXHH(PUR) 8 =& SH2E HO|2 &
TRlo &AME HY

Ij'IIH:I 32 xat 2 CH T2 ot
_ 2016 2021
(ST =) — - CAGR ol 2016 2021
dMCapa | HIF | dMCapa| HIF (HH:HEhr) CAGR
| 4156 | 100% | 6110 | 100% | 8.0% ‘diCapa | HIF | diCapa| HIF
i e

1. Bio-based & nondegradable| 3,196 7% 4,851 79% 8.7% (Ijla__ 731|| z) 4,156 100% 6,110 100% 8.0%

PUR* 1712 | 41% | 2401 | 39% | 7.0% TETETETY

o
PET* 948 23% | 1723 | 28% | 12.7% (PET, PLA) 1067 ) 26% | 1876 | 3% | 120%
AH|X
PA 145 4% 269 4% 13.0% (PUIR;1 904 2904 1071 210 7 0%
PE 199 5% 202 3% 0.2% XTERF
—— 0 0% 67 1% . (PR PA. PE] 567 14% 819 13% 7.7%
] HAXIX

Other 191 5% 189 3% 0.2% PIGRrPHA 566 14% 807 13% 7 4%

2. Fossilbased & degradable| 104 3% 104 206 0.0% nﬁ;w’( = 21)

o\ O 0 0 0
PBAT 104 3% 104 2% 0.0% (Starch blends) 551 13% 666 11% 3.8%
10- 0, 0, 0,
3. Bio-hased & degradable 856 21% 1,155 19% 6.2% oz 233 6% 299 59 5204
PLA 212 5% 324 5% 8.8%
PHAS* 66 2% 251 4% 30.4% &4 117 3% 122 2% 1.0%
PBS 116 3% 116 2% 0.1% 2R 27 1% 55 1% 14.9%
Starch blends 428 10% 434 % 0.2%

Other 33 1% 31 % | L% 7|5 124 3% 196 % | 94%

A AR A YYECI SR HE HYIHAR P It =2 HE
IT (o] = I
o HfO|Q ZIFAEl MAFEO X7 ZIFAE] MAISEO OF 1952 X

* Xt& : European Bioplastics('16) 19/29



Braskem?| Hjo| 2 Z2|of| &l AH

HajAo| tE M|{25t| Yl Braskem2 2010 AR E AE2F 0|83
Ho| 2 F 20| RIS gLt | AEBIRE. 18 i Al of L= 2 B,

produce produce

produces produce

1 Hectare 82,5 ton 72001 3 ton 3 ton
of land Sugar Cane Ethanol Green Ethylene Green PE

The carbon footprint from
cradle to Braskem's gate

®2 &

2.1 S5mt
i captures
of I'm green™ 0,eq. 4

Polyethylene
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200955 Plantbottle T2HE AJXF, M PETO| 30% Y2 HIO|Q SapAE;
28517 912, 5002i7H9] H[o| 2-PETH S.5. 20207HX] 100% Hlo|Q ZapAE S5

bottle
up 'ro 0% plant-based
/e recyclable bottle

redesigned plastic,
recyclable as ever.
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Skipping Rocks Lab,HS + U= =% Sl
2{E10) AELEQIQ Skipping Rocks Labolld SiERE THE 242 e X8 WYX
¥ THE7IE I’ Ao L HSS HE S

BOTTLES
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METABOLIX PHOTL

Metabolix, Eiiﬁ El.3 MAlsl= HEEj|2|of JfjuE
L}jof

Z2LAE Y2 Y JH5e BNE AUOIM TS WEIZOLE 28I
3. SatAE o] st B ool HEBSHO 2 T 5.

lo]2 BatAs) ARMM F

R =H, alkyl groups
Xx=1-3

BIOPLASTICS Metabolix takes advantage of
bacteria that naturally make polymers (white
spheres) and metabolically engineers them to
produce biodegradable polyhydroxyalkanoate
polymers and copolymers from plant sugars or
plant oils.
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ch 28, 2016 | Web Date: March 25, 2016 13 10
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Carbon dioxide hydrogenated to
methanol on large scale

Supported indium oxide catalyst could boost labh-scale process to an
industrial level

By Stu Borman
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HAM S5 HiO| 2 Y2 ZafAE| MAJ|H B X
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('16\d Capa H|F) (Hjo|2 ¥&)
Pol h Polyols + Isocyantes MIRAGNN ” _
) olyurethane Chomizal b (T op E PASF Lubrizol AH
E/w PUR carAg'II G SHEEEQUI.W"J“ILEV v AAAAAAA e create chemistry —
,(/g/- 7? = (41 2%) ROQUETTE: . >
- v reverdia || (ool @ evonik <>
g Tereos = _= bioamber @ FENER TS CRIATS .
Polyethylene terephthalate| Ethylene glycol + Terephthalatic acid LOTTE CHEMICAL Lubrizal
AF 9
A (22.8%) ‘ VIRENT aturePIas - TOYOBO
Polyethylene | _E_t_h;(l_e;l; Eé_ﬂl_"é_%;:é! _________________________________________________________________________________
. MGG Grasern
0 CG Braskem
(4.8%) . srhers <> *® GOGLIO
avantium y
Polyamide Hexamethylenediamine + Adipic Acid
oS . O =-BASF
PA 'r 533“‘1 . ALG'X We create chemistry TOYOBO
(3.8%) 4 verdezyme CRODA P
LAVUA § souway @ evonik ARKEMA
Cisosorbide T e
PC ABS
7|t SAMYANG CRENTCAL .
0 Y4
(4.6%) [gPerstorp ururaMat
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('16'd Capa H| ) o =
Polylactic Acid Lactide , @ NatureWorks ~'OTTECHEMICAL)  [RRETYIS
CI. G’) NL&TU'-CWOI“<S @ EVDan We create chemistry
PLA ‘ ‘ Corbion POWER TO CREATE ITORAYI
(5.1%) ® corbi DURECT
170 Corbion LICR danimer
PO R I AT CARBIOLICE _______: scientific _ |
Polybutyl Succinate Butanediol + Succini.c acid reve rdl 3 HOWA
PBS Succinity =_ = T ENKO
(2.8%) & (Myriant MITSUBISHI
‘ CHEMICAL
Hpo| Q& 2t L o________biogmber ..
Polyhydroxy alkanoates | wte|ajors £3t uti 310l M AHA (PPRL E410| H|Z) o e . V
TTASXF PHAs % bio-on danimer ~
e le 5 [?I?EEH Ig,% scientific
AF :
A& (1.6%) T T— viegio  NaMeKd
Hto| o2 J|gt GTianAn Biopolymer & Yield10

Polybutyrate adipate terephthalate

P B AT AA&EEHABI('ZSK‘LI .'fve r d ezyne E(:eale chemistry ° %EEE
25% & NOVAMONT e e
(2.5%) TS ALGIX () o|2fet & NOVAMONT

BHMAE |t Adipic acid + 1,4BDO + Dimethyl terephthalate

CEa> @ evonik (= ]S]=
a

BONDING PARTNERSHIP

Acrylate a”ﬁéx‘ ARKEMA
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