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Tutlagtu Ygmuannzanmmanadnldnanaiduussdiuiivarodelinrueauls wasnszuiindeany
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The development and challenges of poly (lactic acid) and poly (glycolic acid) 71819 Jern’s Law
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JagUunaafindanmAndulssanadosas 1 vesnanafnfindalavisvuni 368 audusel laed

waldusiindy Wennnauaudavesnisldnuuasmivausalunnaandndugninnududou
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MNVayan1snaInaIannTIuTIulagau1ay European Bioplastics 33U nova-institute A1ANT58437
AdsmsnannaainTinmagiinuannuseann 2.11 dudu Wi a.d. 2020 (2563) Tluuseanm

2.87 sl A 2025 2568) ALAASIULAUATT 1

Global production capacities of bioplastics
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Bio-based/non-biodegradable @ Biodegradable Forecast @ Total capacity

More: information: www.s bioplasti ket and www.bio-based. rket:
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Usznnnanafniisdudufiaulanaziinisdivinvesnisudnegiannludn 5 Udremin fe PLA
(polylactic acid), bio-based PP (polypropylene) iaz PHAs (polyhydroxyalkanoates) mﬂ‘ﬁau‘ja%
Wi wanaRnuseinn PLA azasesdndrulvgfianvosmaemanaindanin (M¥esay 18.7 Tull 2563
wazaviutuiutosas 19.5 1l 2568) Sdusesnfewarainysziam bio-based PP s‘i'iﬂﬁm’f']gimam
TuBandedlud 2562 uazaamsain3unaesiutudu ¢ whnelud 2568 luvasii PHAS 19

IANFINSHARLANTWNDU 10 11 Tu 5 Yvrautin

uaﬂmﬂﬁ mnfiansanludruvesnaradndinindseinngesaaianie@inanla (biodegradable
plastics) 19U PLA, PHA Wag starch blends agildndiusiuiulaiieuiovas 60 N1 1.2 a1udi)
yasfdimswaananaindaniniilan uazaainasdintudu 1.8 §1usu Tud 2568 91n8n31n3
wulnegreunnues PHA (Favay 1.7 Tud 2563 Wudeway 11.5 1wl 2568) lnsazgninunldlunina
af13euLN Polyester kaznsaaulssnundnlvaves PLA luanizewiniuarluglsy iiosan

warain PLA dauaudfdenanimiienitaziianudevesnisiiliudsgy

Tagluwaun1Ing 2 azdunisilSeuisunisiivlavsanatafndinnusazsiaialmiun1ngiud
FALULINTUIM LY wazUseLnnaziduaesls

Global production capacities of bioplastics 2020 (by material type) ~ Global production capacities of bioplastics 2025 (by material type)

Other 1.1% 13.5% PBAT PE 1.1% 13.8% PBAT
(bio-based/

non-biodegradable) | 41% PBS ® PET 3.3% 30% PBS
® PE 10.5% ‘ _ 18.7% PLA e OPFA 10.6% 19.5% PLA ®

® PET 7.8% 1.7% PHA o & 4.5% .‘ 11.5% PHA ®
5 Total: 9 Total:

@ PA 11.9% 211 million 18.7% Starch blends @ s E:' 0.2% 2.87 million 13.8% Starch blends @

04, 8%
@ PP 1.4% tonnes 14% Other PY i 6.8 o ’ tonnes 11% Other °
PEF* 0.0% / (biodegradable) (blobsed) % (biodegradable)
@ PIT 9.2% non-biodegradable) .
LI X LR 20000 000000 o000

Bio-based/non-biodegradable Biodegradable Bio-based/non-biodegradable Biodegradable
41.9% 58.1% 37.3% 62.7%

“PEF is currently in development and predicted 10 be available in commercial scale in 2023

' World plastics production 1950-2019 (estimation), Plastics Europe, 2020.

Wit 2 fdsmssAnnanaRntanmwilan WEsUEUTIHN A 2020 fU AA. 2025 (iie: eas)
Tuwdveamsin Ul wanafin@anmgninluldedrswannvanennndu adausiduussyine dudigulae
didnnsedind erusuduazdme lneussydundinssesdadiuiigniilldunnign Andusesay 47
(0.99 da1usu) vawarananaRnTanmisiunvesy a.a. 2020 wazlul ae. 2025 Ssnadululuiianig

wendu IneAndusesay 48 (1.36 A1Ufy) AandlulunIng 3
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Global production capacities of bioplastics 2020 (by market segment)

Global production capacities of bioplastics 2025 (by market segment)

78
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in 1,000tonnes
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300 2565
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Bio-based/non-biodeyradable @ PET Biodegradable © PBAT

L33 ® P8BS
® PA ® PLA
® PP ® PHA
® PEF @ Starch blends
® Pl ® others
@ others

Sourre: Eurcpean Biopiomtics. (20201 informa biopk iarke bio.

© Packaging (flexible & rigid)
@ Consumer goods

@ Textiles

® Agriculture & horticulture

\\‘

Total:

2.11 million
tonnes

in %

® Automotive & transport
@ Coatings & adhesives

.
&

wsrun il 3 fadaummimanaingammiidluguuuusinen ihsudisusswingd a. 2020 fu . 2025 (5i9)

® Building & construction
@ Electrics & electronics
@ Others

© Packaging (flexible & rigid)
® Consumer goods

® Textiles

® Agriculture & horticulture
©® Automotive & transport
® Building & construction

® Coatings & adhesives

@ Electrics & electronics

® Others

&

2.87 million
tonnes
in%

Global production capacities of bioplastics in 2020 (by region)

\ 4

Total:
2.11 million tonnes

® Asia

® Europe

@ North America

@ South America

@ Australia/Oceania

4

in%

*Q

Global production capacities of bioplastics in 2025 (by region)

Total:
2.87 million tonnes

¢

@ Asia

® Europe

@ North America

® South America

@ Australia/Oceania

\ 4

®

Source: P (2020)

and www.bio-based.

More jon: w P 2/

WL 4 NNaIMINaaWanERnTInmlanUSsuiieuseningl ad. 2020 AU A.A. 2025 (iiae: Souas)
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NNUNLANT 4 N 2 pliadfidnenmlunsndslunaemaraindinin de glinaeideiy
glsv Tnelud) a.a. 2020 Lewdesifnenwlunisadni 0.97 Sudu TuvueiiglsUeei 0.55 dusu uas
nmsaan1sailul) A, 2025 faoapinieeeidnenmiiutu dmiuedoadu 1.26 Sufu uay 0.8
auiudmiuglsd laemnfinnsanduilinsnanveIMsNaRnaaAngInm enudn glsudednts
ndneunsndnvesglstiedlumann Lﬁaqmﬂﬁﬂmuéfam'ﬁ%yaﬁiaq%’uagiLLé”J Fananmsatiuayu
nudvesulevgveninianseuleungvesdarUsenalun saluayuna1aingInIm wazAIy
nszninfvesfuilaafifiuaintu ufennundourionrmuilunsiiodielilduddud i

finssiedwindon wiiin u gty wlisrzasosdndiulrgfignifosay 46 fnw

palviAn15uYsTuYasnaIanaIainganinlan

Bioplastics Market Concentration

Major Players Consolidated- Market dominated by 1-5

major players

o Natureworks LLC
Total Corbion PLA
Braskem

_ Bioplastics Market

Novamont S.p.A.

© 0 0 ©°

Indorama Ventures Public . gmented - Highly competitive market

Company Limited without dominant players

Source: Mordor Intelligence W\
lulagdunaianarain@inimiedninisnszanedi 5 iaundnvesnain Ae 1. Natureworks LLC
(an¥e13n1) 2. Total Corbian PLA (uisefuaud + W¥aima) 3. Braskem (Us1@a) 4. Novamont
S.p.A. (8m18) 5. Indorama Ventures Public Company Limited (1ne) fleasosdiunuinain

TngUseunu Spgay 34 Y99RaNaNaIannTININLan

wariaunanau lusaianataindininveslan 169d Arkema SA (HlSaiaa) BASF SE (leasuil)
Biotec (L&®5u1) Danimer Scientific (8%155%) Futerro (luat8ey) Minima (1) Rodenbirg

Biopolymers (ui5asuaus) Trinsoe (an33+)
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piliminisuvatuvasnaianalgintanin PLA vadlan

Bio-polylactic Acid (PLA) Market Concentration

ME]OI‘ Players Consolidated- Market dominated by 1-5 major

players

o NatureWorks LLC

_ Bio-polylactic Acid (PLA)

Market
e Sulzer Ltd
o Synbra Technology BV
o Futerro
e Zhejiang Hisun Biomaterials Co., Fragmented - Highly competitive market without
Ltd . dominant players
Source: Mordor Intelligence \ N

Tutagdunaiananafin@inim PLA Bo313imsnseands 5 fiaundnvednaia Ae 1. Natureworks LLC
(an$g0Lu3n1) 2. Sulzer Ltd (@3n@asuaus) 3. Synbra Technology Bv (tuisasuaun) 4. Futerro

(waldsw) 5. Zhejiang Hisun Biomaterials Co.,Ltd (31)

'
v A [

wazf{iaundndun Tunann J¢edl BASF SE (iwesuill) Bayer AG (luasuil) Corbian NV (utsefuaus)
Danimer Scientific (#1135%) DowDuPont (@%5§%) Eastman Chemicals (@%55%) Henan Jindan
Lactic Acid Technology (3u) Mitsubishi Chemical Holdings Corporation (iﬁﬂu) Teijin Ltd (ﬁjﬂu)
Wei Mon Industry Co. Ltd (l31) Weforyou GmbH (se@iase)

3. A2UUEUTUBINANERNTININ PLA

MnAudaulavesnsiivlnveswmainnatainin i biodegradable plastics Auansloiiiulu
v v A 1 a a a r.:l' 1 [y | Pal a & A
Wdeh 2 laganivag1ganaaindinin PLA Naininagasesdndiulngfanuaziiulnsinga lu

man biodegradable plastics lnguu1AveIna1n PLA Mlana1ndnaggans 1.5 Wuduvsegyansy

1

aelud 2570 ausrgauadulmives Grand View Research, Inc. #4ve1ediegisosay 15.9 fal

aadada

Tugaszningd 2563 29U 2570 FINSVLNUAIVBIAIUABINIT PLA tAR1NNNSUAULUAINTIN

vaaguilanvesnsaUanaiieln WaLAMUTIUNALTUVDIT1U I THUVUS NSAUTwTUT A

I Ao w

N3EAUNISAULAYEIUTTANIMUUEANEY TagnaIvnTsuusIiuskuuiangunmiauiulna1nid

]

o w

a3 19ANABINTT PLA ageiitdudnAnylugiennnisal led9n PLA NEAAINWVAINAI UMY R EY

o

(% [%
LY Y

AalusEnansagasaanglanie@inim wieunsllnaauURNiguyimIeAnINaNaRnLUUALAY LWag

Anunsgrintunguiuslaeaietiuaudndulunissleda anudsdusasussadunddeniiugy
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3.1 sUuuumslduszlevivaswanaindanin PLA

Wenaaaudiniaulavesnaiadin PLA visaaantfdenanaznenienin uldsnuaudaly
mswUsguiamnsadnlldenuluguuuunng o ivateedgne wu dududule aduilduuds gadu
wiudmnsuiluussyiudiuuumesiunesy waznisdaaslundfiud vinlinaraf@anin PLA WJu

mideniiaulawazdrdglunsmawnunanadniuunasudmsunisidnunainrane iy

TusmenuiaruvsUssinnnsldaueendu 3 Yssavmdn deil 1 nsldauluasadeu (Domestic
applications) 2) nslguluauimnssulazn1sinens (Engineering and Agricultural applications)
way 3) NMSlgNUNIeNIskng (Biomedical applications) Tnglgvannslunisuusussian 81989970
Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications),
William Andrew, imprint of Elsevier (s1gaztdeanisitaululnazUssian anansns Ui ey

AAKUINT 2)

[V

UIELANVDINISIIUNANERNTININ PLA T510aziden fadl

1) mslgsuluniasou (Domestic applications)

WaERNYININ PLA gnudneenundiulvg azianldenuluaiuiseu lneligadssasdivenaunu
wedlwesnanmellnsidsuuazldamnsogesaasls lnglddelausaures PLA Ae nsyuiunisuan

Adulnssedaindsunazalunsagasaasn1sdinnle

fragnenisunluldeu Jafvag PLA fragnauusuatazn1sun U1y
1) darn - szUngeIMAkazANNTUlA A Descente (1@0R1ARN)
- lisgaerPaasianna Galtinoni (YAWFT)

Codice A Barre (1#@2L3n)

2) ¥ - erudauss m Wsdla uaz3qvs | Shiseido-brara (vanenasia)
- Tuwu PET Polenghi LAs (¥amtiuzyun)
* wunsldnulugamgiivies Sant’ Anna (¥2117)
3) theuazgunsainisiu - amuudanss a2 Wssla u3ans | Fabrikal Geuazshdmsuisdosiud)
(maldluguuuuiiiing | wasdesienisfiand Avianca (frereesiuduuimslumensu)
fign) - audanguludiugunss StalkMarket (ynteudon)

- AnesRmeiun (b Ui esiiv

- 19wy PS way PP

4) UsTinuaie1vs - Wit 17 waglusdla Lindar (maugineslulosu)
- PERBNITRUN InnoWare Plastics (mMyuginesiunesy)
- AasadRnsiulan (v W) Carrefour Belgium (Retauta)

11
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fnadnenisun Ul

Jafvag PLA

fradauusuatazn1sun U1y

ANUUaDASULATROULIIVAN

- l9unu PE PVC way PET

5) Wa - Tantunsgevaanslium Frito-Lay (QeusiwuLAen)

- duiidneenlulu 2 fiema Walmart (galdadn)

(Biaxially oriented) Naturally lowa (aan#ldumn)
6) Un3 - nun uagldlaRfugniauy Apple Store (iTunes)

The Plastic Card shop (Un3983v78y)

7) Rigid consumer goods

- WIS UMY

- gnnsatesiudwemUseundle

Bioserre ({1As8U iPod thay iPad)
Henkel (@Jﬂﬂadl,uﬂmﬁﬂmuam%ﬁ &)
NEC (Nucycle desktop computer)

Cargo (wisldava@n)

8) dwolylunsisou

- whadwazlidadsa
- S¥UIEDINIAR
- ANSUAMIUBYNIN

- Tdwnu PET

Eco-centric (lung)
Ahlstrom (4%1)

Natural living (\ung589uDw)

9) fnlslsinma (nonwoven)

- ldsgaepasaiina
- Talwsin Bavejugs seuglad
- aunsavenelaannnn

- Ty PET way PP

GroVia (Findeudusazy)
Flements Naturals (Fdavinannuasainmsn)

Renewable Fiber LLC (qﬁaﬂ‘ﬁﬁ)

10) ol

- 4YABNISHDYAANELATLINULS
s lviau

- lgunu PS

Sealed Air (a1ald1913)

Pyre-a-pak Inc. (a1alvla)

11) Tl (expanded foam)

@ a | a v
- U9 EILINA DY

- lgunu PS

Foam Fabricator (Islufunsewnn)

12) Ua9LauLain

- dnlauargnavewdy

- aAANLABLANFARANTRY

Kik & Boo (vaudmhnyuénld)

13) Audundu

- szUngeIMAkazANNTUlAA

- lyisgaeparoiiunda

Fashion Helmet (nuanfutian)

Riziemi (589:911@M3)

2) msldauludiuiainssanaznsinens (Engineering and Agricultural applications)

desniaieslenaimnssufieindudnvilsianldiuiaiunsydedunndeusswunn Wevuaeng
msldian ludssiull wanafindanin PLA aunsadinpeulandludesarudusduanaudfidna
suiluadloduongnislinuiamsodesaaemeiinmly Inelidsmansenuiisuuswiodunndey
dwsuludAmnssuasjatiuluinisly secondary application luvaiinirgunsaldidnnsetinduas

'
a QJQJGLY/

gunsallwihazyaduluniantesiuaelnimaunuiinisld PVC Tnsemiglulagiuisuiinmsdeduld
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ngszdaumudsnndeufiiduneuniuluniagiueus Jeilidnsuarsimadenidulingiy
dwndeununisldnanaindinmuazluleasulndasulmidudrulsznavveseueudlng lneens
podlasunisusulgaiielidulumudanimunvetgnainnssueiueus Wy anusunIuausau

ANTINULTING (IG]EJLQWW%I‘HLLQISUENWJWJJL‘VTﬁ“d']LLﬁ%ﬂ'J'WlIVl‘IJW'WUGiE]LLNﬂi%LL‘V]ﬂ) BASAITUNUNTUY

fradnen1sun Uy Jofvas PLA fradnsnusuanazn1sun luly
1) Jagmeifmnssu - AINU Singoshu (nsgAUsEUIEN)

- gogaanadulinsroduInday

2) grugud - govaaeduiinsrodwmindo Toyota (Wsuyusaguswazi
ATEUY 9L A)

Toray (Inluasdmsunsusoeus)

3) Janreasns - AN MNQUATAYIF LG Hausyc (ulffuazaoaiuies
- NIFUIUMINERTlaNTRYTey adium)
- laireliAnuan1izTigunss Saint Maclou (Ws3)
Lﬁawmmqmﬂ%’mu SommerNeedlepunch (W3u)

- Teunu PVC

4) gunsaldidnwseiinduazgunsal | - faudfvslwihmileunedwes? | Fujikura (@uiulil)

i Ttlutagdu Renesas (WagUnsaln3euy
- @ngnumuluihannnii PE AOUNINDS)
wag PVC ABB (aidnsuUdnl)
5) NMINYAT - devaaelngliivansdunmelily | FuR Kunststoff (dunauiv)
i DeschPlantpak B.V. (nszansmenls)

BASF (Weumaumu)

3) NSMIIUNINISUWNG (Biomedical applications)

PLA idoRAn1nungilioiguiunediuessu 9 9au89An1dulan1edanin anuaiuisalunig
gogaaenTnIn sunua Wulinsredawindounazquantfidananuiuasulade auaudn

1 &Jo v [~ a ¢l v ) [y v 4 oA 2 o wa
wignivilil PLA iWumedwesnfiuwilidud wmiunisldnunianisunmg wilissnndediinvesnmaud
Talvautn TANUNUNIUABLTINTEUNNFT wazdnTINsgosaaend vlrnsinlulddesinisunludy
drunaniunediueiauy 9 iWelTulnnaantivseasuauaudRlnidmsunmsldaudmangld e

msldeulusmdimswmdlutagiu wu nsugndie nsuikes Jrmnssuileds wagdaine

13
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fragrensunluldau Jofvas PLA fagnanusuakaznsin Uy
1) MsrdnUgneng (surgical - Anaiulamadinn Zimmer (anedansadududniu
implants) - AMUEINTalUNISERUAMNEN Y n3eaAN (suture anchor) s
TN n3ggn (bone cement plug))
2) #11"e1 (Drug carrier) - AnuAUlaMIsTIN W Abbot (Lupron Depot 815091

- anuansalumstesaaene | LuudszAuUsEAeaveaNgnuiin
T Tugs)
- M3eyaangusgiudndiures | Janssen Pharmaceuticals

PLA hlvidisiensatuaunsids | (Risperal e13nwnlsadnuam

1 (schizophrenia))

4. garun1saluazuudliunaia PLA Tualsy

[

piineglsufialunainddyues PLA 9nnsaanisainsifiulalugael 2562-2571 winfiansan

o

Tuldswesnelaasiinsidulanelnsesas 11.37 wagludweslsuuavidvlanelievas 13.27
luvauNdnseaunsdrsianaiaiiuesiUluniasieaiuin European PLA agifiulasnnnitsesas 10

(UszaauSeway 16.3 deUluriemanisal (U 2562-2568)) dmsuluglsy PLA gnldlunangnimaiu

b4

liasduussydue udgulaauilam enugud n1siness nMsunnd dwe Jagneasns wazdu 9

PINNATU DU LLNSHRUTRveINT it UselevuluwpasnAduNuIaula BSudusIgnskanases

[ s A

ndulngNanuanifiulnegnesngd fe ussgiue eswnarunseninveauilaafiiiuduludu
P v

dwIndou ¥ PLA @11150n0ulandien1suanannine nTvyuilen kagaua1uisalunisgey

1 a

aanen1sTinin Jndunmadeniiraulalunisiwildmaunuussydusinatafnuuunaiuldedied

a

FuvansuTungselouvesiyurausenenng q Nddaluglsy wu weosudl diuma aidu Mol

Anaudein1sussydasienmsiilulinsredindoufinduy wonainidnuianisifiulnaes
nsldaunuiuntes fie sueud NSuTkwIlduAMUAeINTARLTY WesnlulagtuiinisUedu

T¥ngszidaumudwindeuiduanuinduluaineiueud Jasudinisiunld PLA utagmauny

1%
a 1

ANSUTUE LA VLN ONANERNAWAUVDITOEUR LNDAANISUABYNYLIBUNTLIN MULIVDINTHAR LAY

Prganumtinvae ueud dwaliussndaiiaindues sulumsiivlavesnisnanlugnaiinssy

¢ o 8§ v v s A &£ = @ A a o ¢
YrUYUR V]'ﬂﬁﬂ']qlmaﬂﬂ'ﬁ PLA ﬂqﬂa‘mﬁqﬂﬂiﬁﬂﬂflu&umLWN%u sﬁﬂEﬂﬁﬂLTJUV]C‘NSU'@QU'ﬁUWEHUEJumﬁflEJ

o w

Ingjvanesng uazildruwdwaswmaiandfglugnaimnssuerueudialan

o

14
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dwsuwuilililuswianvesmsldgunuulminiiauls fe nisldauludanisunmd 1wu msvgneng

ate3r n13e1dn Tne PLA gnldiduanainaisuens (Stent) Wownufiatedziiy ilosinaiuise

Y [ a

aaumladny (easy decomposable nature) saudienisiaeu PLA WWudulevdetngAulunisiium

q

a

3 Aamdudnnilanstaniuwuildunazidulonalusuianuiy

Ineuszwaluglsunaznarsunlunaiaguslaanilaneu lown ansigerandng diuea dnanduas
wasuil Weasndnisaiiun1sufuiRaungseilouag1aduainlneniieanuuessy kagn1siule

Y9INANNTYUEIRE eriBL DY
winfia1san 4 saabngveelsunuiauls sududall luansigerandng PLA lasuaruaulaiiie

L3

luldannuateniedin Wy Usseiuel susudlavdme laeaindinudeanisliaanizunain
U599 waznstanduwlifuiudy fie :nniaeueud wagdmsuussnadsaaaliian1aniy
v N v % o A P ¢ a = v & & =t

Aeen1siiadteadeiy Ae UTTRAUT e1usudLazdme Fegnamnssuussaduadunilly

E]Glﬂ?‘lﬁﬂiill‘ﬂi%iyj WU@Q‘Ui LA I@Hﬂ??ﬂ@aﬂﬂ’]iUiiﬁmm%ﬂﬂﬁﬂ"i]”iJ'T‘i]’]ﬂ@@]ﬁ?ﬁﬂ’iiﬂ@’]‘lﬂ?iwﬁ“

1Y

S0eRY wazNNSTIEUYeINTSHEREUEUATIF LU vhlFeudesns PLA Wisduuiy dwsu

Twwosull Iladpativayulunistuirdounain PLA wa1eUsen1s Ao NSLNTUYDIAIUABINTT

[y ca & a I a

ussafaunfidulinseduindennarmsnsewiniuesiuslaa sauviangsulovvesniaigiiduasa

9

Aa o« ¢ ¢ o & a a ¢
1‘1460&181/18&116 PLA f\]gﬁ‘]ﬂisﬁuqmaqﬂﬂiiﬂﬁnuaum NIILNNEY Uiif\!ﬂm%LLagﬂQW@ I@Uﬂqiﬂ\la@ﬁﬂuﬁlum

o a X a Ao v a | a a
‘1/1LW@J‘?JULL@%QG]?{’]%ﬂiﬁJﬁQV]@Wﬂ’]ENLG]‘UIG]?NNaﬂﬁ@ﬂ’lﬁLﬁl‘UIG]"UENGlaW@ PLA Tuuseine

1%

<

Tutgtugiaulusain PLA Ténagnsiadunisaiuniufanisvsedeianis myasianusiuieiie

451990099 uwazmaUadunaluladviondndusibnlifieifindnanuainsalunisudsduazfsau

wusndAylusaia wu Tuheusuinan 2561 Futerro, Sulzer wag TechnipFMC lasiuiiafiuiioan

a o

anududenlunsnaanataindinin lnedasilaseinis PLANet Wieddasun1snaanaaaniis

D.

a = ] a o A & o Y a o Y a 1Y <
Hamann PLA s?Nﬂ'J’]lli’Jllll@ﬂi\“]uLﬂUﬂqiﬁUUaHuﬁjNa@mﬁuﬁlﬁlLmqiﬂ@aqﬂwaqamﬂﬂnﬂﬁ/\m?ﬂLL‘W@Lﬂ“\]

wAlulag PLA LUuysannis
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WU Arag1eusEnluglsuninaulaluviaddguniunisnaauaznisinluly PLA

wnANUINIA NSALLAARN n1541 PLA
Tudu Ty )t

ASALAARN tantng Uszleail

USUN FUTERRO HANSUMIATUIIDT (FILANISNANNTALAARNIALNISULIN 1151 PLA NAMAUAT wazslaw@aann PLA Tandutduy

NIALAARN
USEM Sidaplax VOF ilunandaudionin
F13lna so8 el U3%M ADBioplastics USuUsanatafin@anin LA Measifuusuazilfemdy | IS IERE iy G ISk
piigkt PLA-Premium dwsun1stdauniiyaaiiiy

U3EN Sukano LJudiFennglunisiaun

Y

waznAniaulANa1aRn sufeasUsEnau

> o USHN BASF WAANANARNTININ ecovio WUNITNANNAIUAUTENININANERN NiAvuardunanlndiuesdaasen (polymer
1WA NENEIN9D

I meagaanslaaneadanay PLA F9@1U150NURDANNLASUALTINA LAY alloy series of products) @msunanain PLA

A519UNRA

X oy waX
ANUTUlARUY

nuanwalulag

U3EM Sulzer Ynauslegtudmiulssnunauysaiuuudmiuniswdn PLA asuisasiagldnaluladuazgunsal SMR™ laglsenuengivnssuiinan PLA NNTI0InaIy

Inallgialuladuay Sulzer uay/v3aluaua 1903 UILAI5YBN Sulzer




andnaiusnwiauenamnssuluaUssma UsydIngadeun) Ussivmooain 3y

FUTERRO

Auled - http//www.futerro.com/ f ute r r O\

Email : info@futerro.com

gj I o/ (3 IS a =
aeeglunsauiawaduaziloteanuiia Useinaluaige

17

» FUTTERRO \{uu3dmeosvasngu GALACTIC vauuaion (fihwedlantusumealuladfnim)
» Qdsgluniswdauazsloda PLA Wufidulunann PLA vadlandiddsy

> fansunsiumealulagdmsunmsuannsasanin (uluwes) sensmiin wazih PLA (wedlwes) ndndumnaningslusiaiiugedu
1g @msugeannnssuussydaniineanizussydaueianms sudanisidnuiunedadiu@udug) suvavalulad LOOPLA Fuiy

nszurumslunsslaAauuulndfdsy PLA Tinduidunsauanin
> wandueivan Ae 1) lactic acid 2) Lactides 3) Oligomers 4) PLA

» Jagiurdssauilefuu3smiu BBCA Biochemical (U3dnuUssunansiasinisnisinens deep - processing enterprise (T121wa) 9
IneiiigauesIu agh 2 Ausiu/A) a319l590UNSHER PLA 0819a5Uasuiausniulsemedu fsagluiilod Bengbu (Anhui) (@319
1@3audn) JMasn1swas PLA 30,000 6w/ sauviaindensuauissiimudneninnisndnnsawaninlig 180,000 fiu/l (ilslu

T5aunisuaailuaianiulan) waznda PLA lUu 100,000 /A @FuivesssluldvaauSuiunisndn)

v 9


http://www.futerro.com/
mailto:info@futerro.com
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9.0.
(J

o =
AD-Bio
Auled - https://adbioplastics.com/en/#about

@
B1a : info@adbioplastics.com plG.St'cs

v
U

Aeegiiilad Valencia Useinaaily

ADBioplastics

» ADBioplastics 1uuSeman1inendayuidailu PACKA VENTURES startup

» wdn PLA insansifleuanndnlne dey wiewmhdndmatasaunsadesaatenis@inimld yarnfinvesmarannvesu3sm fe

Wiananafnanansadesaansls Insazdesaaiylaie 90% nelu 6 Wwoulu nsguruns industrial composting
> fineglu 5 Suduusnvesuitnanimennedwestinmdinfiaalulan 210 193 VS

(https://www.startus-insights.com/innovators-guide/5-top-bio-based-polymer-startups-impacting-the-materials-sector/)

> fwaluladfiandndinsi3enin BlockPLA ™ iunmsusuugamanafinTanim PLA ssansiduussuaziuaeudu PLA-Premium

dmsunisldauniyadiy Hrewilymnistugumeauieu nsaauaznisdalt wavanunsailuldlunindiusing q sy

o)
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BASF

O -BASF

Aules https://plastics-rubber.basf.com/global/en/performance polymers/products/ecovio.html We create chemistry

%’aa&aﬂﬁamﬁia : https://www.basf.com/global/en/legal/contact.html

& ) A N Y LR S AN S
- ECOVIO® CAN BE USED FOR SEVERAL PURPOSES.
.‘ : R % o ',___<‘ LT nem e o e} 1) \ &
> ecovio® Wa’la(ﬂﬂmmW@mmWQ\immmﬂaﬁaaﬁﬂiﬂLLaxaaaaaﬂ8161‘1/1’1&5(1’35117\1 . Application )

LLa8Nam’i]’1ﬂ%’]ll’?la‘UN’s’huLﬁUﬂﬁiwﬂNNﬂWUﬁu§3WdN ecoflex® way PLA (s?f\‘mam

Organic waste

bags

NTNINANTONTOUY Nau1T0as19UIna 19U JudUzra) aunsanuse

L] a d’l’ Y J a A A o
ﬂ'J’]iLILﬂiEJﬂL‘UQﬂﬁLLﬁSﬂ’JWN“UUl@@&J’]ﬂﬂ')’]Wﬁ’]ﬁG]ﬂ‘li'Jﬂ']WVWl’W’]ﬂLLﬂx‘i

v

» msthldldnundndmsu ecovio® leun Fauwanafin 1w geuazdunsd gein

wazrall Wdudn (cling film) gauuuldaninsa (dual-use bags) L3uanldlunisie

Mulch films

s nuultdmsuldvezdunsd)) wasiaun1an1sinens wanINLT@IuIsanan

U

Ussinngesaaele 1wy Kandueindeunseaviasnandnndatugy

Paper coating

» Yagtuuism BASF finsu1e ecovio® lulszimlveuds wazdilssnundnansiadl

An9e wadaladlssundnnaraintaninlulne Thermoformed

packaging

*ecoflex® is the first biodegradable and certified compostable polymer by BASF on a Injection molding

applications

fossil basis
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Sulzer Ltd

@

M99

20

Aulws : https://www.sulzer.com/

SULZER

» Sulzer fihmanlugumalulanisudnueluesuaznediuasdmsu PLA 8819A5Uas 33uds devolatilization technology Lile

gidlaa Winterthur Ussinaainoasiaun

n1sindndemnA1segelusednsnn 1aelseaugaaunssuingn PLA n1sdanindiulugildmalulaguas Sulzer waz/vso

SLUGHQJIWGIﬂi%U’JUﬂqi?IGQ Sulzer

» U3t Sulzer dauslogdudmsulssnudiauysaluuudmsunisudn PLA asuaastasldmaluladuazaunsal SMR™ Ay

N35UANSVR Sulzer S3ulleriu Futerro Uag TechnipFMC Litoiauslssnuniniinag PLA

» N15U3N139nAN AToUARUAILANISUSNSIWImnssudmsumalulanisusnuazmaluladasisufiseuazuinisninauiuiie
ATIUNISAAAY N15UN595N ¥ N15IWRY uAElATINITNEUANBIRILTNY gnAnval Sulzer losuusslevdaniasednganuiindnuas

UY3n15071 180 weigvalan

(Y (3 (% 1

» nsldeundn - 1) Thermoforming 1y ussysiasidmsuaramnssues wium vaen 2) Wulonuunesazidulonuulive (Fibers

9

(3 1 =

and non-wovens) WU @edn {1viu Wi 3) Way wu gellewuuldasuied Nzl Wy 4) n1sAaTugy W wnaneuianes Youdeu

9

=)

Fudusagud 5) ¥In WU KENNBNYIBIATEIRAY 6) NTEUIUNITIUTULUUNYU (Rotomolding) 141 FUAIUTAEUALAZIATRIINS

7) ANSAUN 3 07 @Y dulgdvsueIoanuw 3 36


https://www.sulzer.com/

andnaiusnwiauenamnssuluaUssma UsydIngadeun) Ussivmooain 3y

Sukano

Auled - https://www.sukano.com/ su. No

AR . emea@sukano.com

v
0%

Aeegiiilad Schindellegi Ussinmainiyosuaun

Driven by expertise

» Sukano Wufdeglunisimuuaznamdeawidnaafnuuuileidu (functional masterbatches) waziiauddnatafnuuusig
AN (optical masterbatches) sdsansUTEnoUNIAMLAdTUNELNDALDIOaaDYA (polymer alloy series of products)
dusunanafin PLA WeUsuugsnaanifnaziiinysza@nsninues PLA lneidiauidnanafin PLA Masterbatches vhannniwenns

YURBY Faanunsadavaaenatininkazanunsavitlendnle
» Useniensesdnsdnsansiiuussduunnuazifuiusinsiudonvesinaanatafnduimaissie

» Jaguillssnundnluaingesuaud ansgosni wasunade dinseuieddndmienlan

» Sukano wag Total Corbion PLA sauileriuiinansauei functional masterbatches wag optical masterbatches PLA L‘ﬁa‘d%‘uﬂéﬁ

Us2ananmued PLA 210 Sukano
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Sidaplax
Aulad https://www.plasticsuppliers.com/sidaplax o
Bd : LEFEVER@SIDAPLAX.COM
éi’jqasﬂmﬁaﬂ Ghent Usginalualde EarthFirst® PLA
EarthFirst® PLA Biopolymer Films.
et e EarthFirst® e EarthFirst®

> Sidaplax 1Juugnluiaieves PSI ({udnfldunarafinanin PLA 189

L High High
GUERRINERR) / Performance ‘ Performance
e Sealant Films - Sealant Films -

& ¥ a as o v & w [ =
> Wugnaafldudinin wlasussadue Ysuusenszuiunis Ineidunilly - NG Béifiiai - Baiiicr

FuwangLeasiay PLA sheluaifiansievilavaslan

v GET FULL DETAILS @)
GET FULL DETAILS @

» 1%usni3nan 50 Usznelu awsnn glsy oile wevlin uazmy Tusonnans

Tngdrinaufivadeusuiageuluiui wosuil WSuea lodiSe 8a1d EarthFirst® BCF ke EarthFirst®
- 4 . . - .. - ) Heat Sealable [ Shrink Label
AuNUALLLIE LLEDTLAUA dIRaTLALA uazleLTe S i f Film TDO
\ )' GET FULL DETALLS @ i —

> nandouandn liwA EarthFirst® PLA sealant films (d1%15U819115 1A509hu — Ll S

N1skNNg n1sguadInyAna d11nu gnamnssy) lnglasunisiuses .
EarthFirst®

DIN CERTCO m11119551uana EN 13432 wag ASTM D6400 wazluouiag Window Film
Famawamniielanuisogesaanslalutu luiy waslungia AUGE: 105, 112

GET FULL DETAILS @
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5. aag1en1sinlu1guazvialdauniunisudn PLA Tulnavas

USEN Total Corbion PLA

U3% Total corbion PLA 1Junilsluuidniiaudrfglunaianarafindanin PLA uaziluguisnu
walulagszaulanves Poly Lactic Acid (PLA) Wag lactide monomers

CY

Total Corbion PLA Luu3msaumu 50/50 52w Total waz Corbion fdinaulngifivszine

Aov @ v a o w

wisasuaud dmsulsenundnludssmalneegifaininsvees Ingludagduiildenisudn PLA

9

319U 75,000 funal
1onand TwlNrunlaUsenaveteiiaan1seantulng tneas1adssnulunfufuiuigInIsHan
nsanananandar 125,000 du st lunaadinnara@ndinin PLA Uardn 70,000 du (\Un

o a

atiunislalud 2566) srunusznimagadislsaunaiaindanin PLA Tuglsudndie andnag

4

v

Aeegfiiles Grandpuits UsswanSuea (Unandunislul 2567)

o U a < a a v A 8% [ [ a a o ' A
dmsunsuasidanatain PLA Tuusewmdlne UiUVILaaﬂI‘UaaULUU')MQWU laedin1sasnennusIuie

fuusEniingng aunsaglaainuaunInislgauniy Awelul

waslgguynu PLA annsalAneinisuan PLA Tuuszmdlnevasudsm Total Corbion PLA

wiinima . .

ASHEAR PLA T4

Tudu .

2 PLA Uszlow
NSAUARRAN

DANONE ECCPlaza

TRy

Carrefour

INUAUNN kansdaviglggunuvesniswanadin PLA Tutagiuindnlaeusen Total Corbion PLA
y o X
ANUTUADY 9T
1) U3¥m Corbion viwiifilunisfaseUsyauauiudunaisioasuinalunodus1e) dmsu
Tudszwmalneasuszanunuiuiinsualuseead
2) U3¥ Corbion yiwtitlunisudastitgnawmanilinanedunsauanfnuiunssuiunisusin
3) nInwaninazgnildsulaeuiem Total Corbion PLA Wunanlvdliluwes

4) 1ntiu sxgnassielulunszuunswediuelsadudy PLA (Us¥W Total Corbion PLA)

5) 151 PLA TldUsslemilugunuusng 9
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PLA #ind#31n Total Corbion PLA agn1glddaiusud Luminy® wazaintayarasuiymninginy
n151u PLA WlgUselewd druninaggninluldluvevivanisldauluasiison (Domestic
applications) wagnsldaulusuimnssunaznisiness (Engineering and Agricultural applications)

Tagvnldnausvasuseniuniswusnsigilulduselosd aunsowuseandu 6 Usenn fail

1. U339 a9 IMISUUULTIST (Rigid food packaging) W&m91n bio-based wazldsun1ssusasin

aunsaduiaiuemsls suvsanunsanuauiaulame
> fhegnsdum wu Seleiin uauganiun ussgdime wawanain Wudy

2. ussYfuainatainuwuugeu (Flexible packaging) @1unsagesaalsld (compostable) HAa1u
Widlawarldsunissusesinannsaduiasuemsly Tnetlddudulszneufuasduasdunis
afaliAnmuufusiuasnuanudouiinty wifaansolduuuielfituiuiagdfauand
TusdlauasBanguiu w fduussydasisdoung

[y

> fegedum Wi geuunvume) gedeulauuudesaansld ussydngidmnsue sy

3. gunsallun1ssuusemuemis (Food serviceware) nanan bio-based anunsagawaansls way

lasunssusesinaunsadudaiuenmsle Famnegdmsugsisemisuuuvienduinu
> F0g9AUA WU B1en i FoU FOULAZANU 0NN RULAE Y uNLAR o Ud S UAENTEAY

4. AuAMUNIU (Durable goods) @NHN1TONUABLTINTZUNALAZNITTATIU TINNITAUAINULAET

Audw inlgnluldludumndesnisanudiduiazainudasndeniuaiu
Y 1 a ¥ 1 I ca s ¥ 6
> fegaduin 1wy vesau weiilnes vedldlutiu eueud

5. daenlilaldisnisdnyne (Non-Wovens) dauaudfituinilousssuyd awsagadunasseuiy
21maled Inganunsatiudulesssuidnng 9 laade (@e vudnd waglagan bio-based)

Tnga1unsagasaais bakazaunsanuaAusaulanie

> fhednsdum wu nszawdniinnuazein wnaiisea w3esuou geun Wuduy

] '
o = [N} a Gl

a 4 aa . . 1J = [y 1 = ° 1
6. NSAUN 3 TF (3D-printing) WWudanniaulasndy widnasiyavasuivain uwinlidnaunie
Uaosfnwiy wazaiusaiusieazidentunsiuniles neanuisaldidunediwesifieivsonauiu

d A v A X yy
asouiielrliyavasuaINgedula

> fhegsaud wu dulglunisiius (3D-printing, Printing filaments and Printed face shields)
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6. msliuszleviasdasandugudnalswaiafndanin

anannssunataindanmdeiduniislugnavnssunuiduauesasiuvuiliunsiiulaiunauls

guilisananuaneaderawnldumsinulanvesuilnaifiunniu warnsivianeUsewedoinishi

[
} % v

iswgavesUszmanuesiulaliludunsiiiieninasegia “Aler” wiourauinsnisliinezdu

a A

v a ya ay 1 & a I a v = a Yo @& a I a Y
ﬂ']i%']uﬁﬁ@aﬂl%aﬂ%lllL‘Uu&lﬁifﬂ@aﬂLL?@@@&J i'gillﬂﬂ\‘iﬂﬂLaillﬂ']ii%']ﬁ]ﬂﬂ'U‘VlLﬂu&mim@aﬂLLU@@@@J

q

v limnuApINstEna1afnIinmAulaIueg1aninselaa lunaneUna1uun

Tulagtu audeyavesdrinauanenssunisdssiaziiniansiy Waeidnamulnewas

v

AU TENANAIEIIETMTINIAIFIUNTHEAATTINNLAENA1ARN TINN LNz g 198 eiause

Y

InajreenaIned19usEen Corbion (Thailand) {rdnnsauanfnsielvgjvedlan Fadagduiiigs

=

NsuARNIALAARN Uaz 140,000 du taztlunassianataindinin PLA Uaz 75,000 du (aely

,01 a I~ [ a a a [ (Y] 1% gj 1 A v gj
wmnansefuduingiv) lullaugeaivnssuele Jminszees niounsaigaiiial 2563 ladn1sng
W19818MaINISHARLALNBds 19l UIUNAWAY ANUASINISHARNSALaRRndnUay 125,000 fu kay
i lUndndianaadndinin PLA Jagdn 70,000 du (Uasdunsiatul 2566) luvmeiieaiu
a & v o o | a o ¢ ac ) P | Y A v aAaa

dnvilafiaunanvedanagnuTen wresiisa 3nanss Wnillasanssiamuiu s W99 Inavea

wAiiAea 3199 (Wrvw) Tunisuansianatann PLA Tudielasinis "uasaissalulonaunansd” (Iasly

[

a % a a o & \ v < ° 2 v oa &
Wq@Uﬁl’]ﬂu’]@@S) ‘Vi']ﬂii\w’]uwamLﬂﬂwaqamﬂsﬁ'}ﬂ’]‘w%ﬂ 2 LRSLLAILATR Q%V]"Iﬁlmmﬁﬂﬂug\]ﬁ\la@l’ﬂ@

wanaRnTinmdudivu 3-4 vedlan tnelagtulvedudihlunmsudananaindanin 1 Tu 5 vedlan &

Usznaumeanigs (ddlnaduingiv) usda (dumnadesduingiv) Ju (dumansedu

9 9

[y

Tngau) wazelsy (durmaaniinduingdiv) wazaindeyayarinisateandainaudtoyauazivy
nangAavMNsTINaTERn andunatainvadive lalawednlul 2563 dyarinisdisannit 2,331
duum karA1ndl 2564 yarnisdseenvziiuwilduiuiuiosay 16.6 drzasnenelanii 2,700

AUV

=

nnsivszmalneladutuneidugudnarmatafndanin Feandadedaasunssiulsun

a da o a o | 1 a A Aa [ J a o ) [
AOAUNUITUIUNIN LLaS‘UTHVIELUWNI"?IQ‘UVIWUW’ﬁWﬁWﬂ“U'Jﬂ’]‘WV]lIEJEALLEnﬂ']’] 1,000 Us¥n Wutade

! a 1% a

duasunaiiuvesguniu asiiulddnlneglududud (nsdemingdv) Gnansdn (MswWdeuain

Fagaududeananainginm) fednlnerilad wirruuraulesgiiagyinisdeseniiiolfiuyadiiiu

9

Ipgals esantagtunuidvarsuievindsdianarafiniienisd wendissegaien tnaiiou

a Y

Manuevzdweeanlufialsy wiethlundnduussyduriemauasduildnsufeins mnlveauise

afravilggumuluisatsin (nswdsguandianatafnilundnduel) Fa91nauausanig
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Fana uazanauUAtun1suszU ves PLA fanunsailUldldlunainvaneguiuu Aeziiuldinfiay

Wureamanaunsaadeselalilsemaldagaumiena

wniansanlulszbulonmaeding agiiudin snunsgunaldnivun 10 anamnssudmune Wunaln
JuindauAsygnaiieowan lunanenagaamnssuaunsadmaadindinmivldinensulandmsus
lums¥ndlanle 1Wu geamnssugugudadelal (Next-generation Automotive) LaggnaInnTTy

Slannsatinddaasey (Smart Electronics) Avaneusemisulasuanldnaiaindanin PLA Wwimnaaulu

q

% L3

mswém%ud’mqﬂﬂiai gna1MNIIUNNTWUTIUDMNT (Food for the Future) HIUNSHRILIUTTYSIEU9
vierfusenanafndanmdmivemsuaziazosiy esanduuiliuitlusuianuisseimaasdl
wmsmssalivieranindmanainantlnsiadidmiuemsuaziaiedns SudgRaMNTIINTLITE
ATU3 (Medical Hub) #ilnedesnisudneg uaggunsainisunnd @9 PLA fanunsaneulandlu

geannssuilesig

Tudrupruinmevedlng du Tulagtudiananadin PLA liresgndeseniiieassyanniinlulve
< £ [ 1 IS ! ! v
p1alunaunananudesnslulsemaenazdaldunnmne wazmaluladlunisisvengnisldauly
JEAUaIiueIAReINTUTENINA U sEImANTmaluladunasu ¥sen1saiieniusiudosening
U3Enusean1iun1s39e Fearnmsdnwiudimeng q Tuglsuazimldegnsdnaui nagnslunisasns
AUKDLNSIIUNITHAANST B ABEOAAULTILNTIVDINGIERANTININ AIUNINUIIINNITESIIAIY

Sudlolunsimunnalulad vsensuawuiioweNsemlgaUnunIHEs

Aty WeduasudmnemsdugudnarmatafininmuesUszmealve nsdrineus wiudiensd
! a = 0 Y a dl' ! a o da a [ < a E=! ¥
nsduasunseativayuliminnisiwenlessenitusenndmealulagliddnsdunisndanienisly
a o dl' ! < a o ¢ a o Aa o < [ a ! [y
warandinmiitedegenlundndug fuusenvesUsewmealneififnenmlunsaduiusiingsiuiu
Tnamnussnanauszmaduvienvualng orayadudunsduasulidanamululye uwinndu
vivnadauimanuiesuianatsiideldaiuisantamu enadunisadisanusuiofiaimun

a1 [ Yo a a 13 v & (Y
walulagsiuiu lngldinghvwasuiunvedinedudeyanugiulunisiaw
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ANANUINT 1

Tunanuand 1 \Junseunefsdeyaniugiunneg dwiudnaulateyaiinfiy ielimdlafeniy

Wunnvesmanadin AnuwsnaawesUssianwatafingne o 1ussianlalidulinsnedwindeuseng

'
a

Y a v v a a a i a a a Yo 1 ] S A v v ¥ o
N9 (VN 1) LLaSﬂ\T‘V]LsEJﬂ'J']Wﬁ']ﬁ@ﬂ‘U'Jﬂ']WV]Qﬂi‘ﬁﬂuafﬂﬂLLWiwaqﬁJuu NEULL‘U‘UIWU'N (VU8

v a o v A

2) swmsnanteingavlatrangniinldlunisndanatain@inin (Fded 3) waznadluiianisly

9

' [
1 o o a =

Nunvzgnuuseanidunisldaulugduuutagtuuaslugduuulninid weiavulueuan (Fided
4) warvanldnussuieswairzdnnisnawmuneigldnulaegialsdne (Hded 5) sauluds
UINTFIURATNITTUTOIA 9 YoaaainFinmindunsgulatneiisessu (Wden 6) Fatoyadiu

Tngjensdauazudamnaniiules http//www.bioplastics.guide/

1. ANTIULNRAINUIVDINDALUDT (WaEhn)

LY

a3 (83ngy: polymer) 113n31INANNNINAIALY 2 A1 AB Poly (I1UIUNIN) was Meros (d7u

o

w38 1te) wedwesiluansluanavuinlng (Macromolecule) wadiwesasUsznaulusmemiied

o a 1

Auvadluluiies (Monomer) aie 9 nuleN1vURATeAL Ingnmnuusniuwnasingavazy

q

panidu 2 Usvlnm e Bio-based Polymers Wag Fossil-based Polymers

¥ o [ 1 1

1.1 Bio-based Polymers wulainalulusssuand Gaunidauiainfisuasdnd daeg1e wu wis

(starch) waglaa WUsAuvsedndunimihiidulassaiwesiaviodn]

M33uuNUszANYeY Bio-based Polymers 1ulumugusinuanail
Polymers
1
1
Polysaccharides|
I—I—| I—I—|

Plant origin Animal origin Plant origin Animal origin
el e Chitin, Alginates,) L Wheat gluten, L 5
— (Starch, X , Collagen, gelatin
anthum gum soy protein
Cellulose)

| Protein

Vegetable fats
and oils

— Lignin

o Natural Rubber
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https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AD%E0%B8%99%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C

andnaiusnwiauenamnssuluaUssma UssdIngadeun) Ussivmoaain 3y

dyvo

Ingdulngnidnuaziienldiu Ao Polysaccharides Fsldlunsudnnarainginm ddlvgjazanain

fydsgnaunisudiuazigaglaa lag Biobased polymers 310 polysaccharides aggnunluly adl

Starch based (Thermoplastic Starch), Cellulose based (Cellophane, Cellulose acetates), wana#n PLA

1.2 Fossil-based polymers - wodluosfindnlaanluiesfiuifinis delunedwesduasizi wie
WadeiNuywdas1elu Aeg19du wanadn (polythene) tduledaiasnesi (nylon 6, 6) waz
gNFuATIER (Buna - S) BaldiuegraunsvangluiinUszdnTunaglugnaivnssy nsduunUsennves

wedlesduaszt Jwmuseanidu 3 nguman Aauandluguiuan

Fossil-based
Polymers

Fibres Plastics Rubber

. (polyethylene, polyvinyl . .
(Polyester, Nylon, Acrylic) e o e (polybutadiene, polyisoprene)

Tuwirsgaanvnssy Iennssusaznalulad azdinduunwedwesdulsznneinge munuaudRcsl

(%

» Thermoplastics fiaiagiansavivliily (vaew) larmeanuseuuasdugulng (reformed
v50 molded) {ugus1edu Tumanatia thermoplastics Wutanfisidenimanadin fregns
fAuae LA polyethylene ag nylon

'
o =

« Thermosetting plastics Wulanfivasuazaralududu uwillolvinnuseusolUazudeiagng

9

[
=

0115 ldanunsavinlitunasiugulnala feg19909 thermosetting plastic ¥llanillaun

Ausdn (Bakelite)

wana Nt Jearunsaduundseinnmiadnladn auavanuisalunistesaatsvesnediues aun

Non-biodegradable fossil-based polymer Wae Biodegradable fossil-based polymer

1.2.1 Non-biodegradable fossil-based polymers 188 WaémaﬁﬁlﬁamalﬂéamwﬁLﬁu
sssuvduazlasnsesedawindauionariululnenszuiunmiedanin wanafnarulng asduy
wan non-biodegradable Liasaniinsldfusraunsvarsimszidunum fanuadessuaza
vy aamunuiudiutuegfuguantininaiafnldladmanevesuuaiids insetulal
aunsadosaalenedininld sgislsinunatafinaiuisagnyinli biodegradable lalaenisiiu

aseiiusiinfaanelasaas1suaanediues
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nanaRnfvinananwedda (Fossil-based plastics) laun

Code & Symbol h) AMENUR nsldau
A Polyethylene Clarity, strength/toughness, barrier Plastic soft drink and water bottles,
L‘I Terephthalate | to gas and moisture, resistance to beer bottles, mouthwash bottles,
A (PET or PETE) heat peanut butter and salad dressing

PET

containers, ovenable film, ovenable

pre-prepared food trays.

A High Density Stiffness, strength / toughness, Milk, water, juice, cosmetic, shampoo,
LZ& Polyethylene | (esistance to chemicals and dish and laundry detergent bottles;
HDPE (HDPE) moisture permeability to gas, ease trash and retail bags, yogurt and
of processing and forming. margarine tubs, cereal box liners.
Polyvinyl Versatility, ease of blending, Toys, clear food and non-food
Chloride (V or | strength / toughness, resistance to packaging, shampoo bottles, medical

n.
Co

PVC Vinyl or PVC)

grease/oll, resistance to chemicals,

clarity.

tubing, wire and cable insulation, film
and sheet; construction products such
as pipes, fittings, siding, flooring, carpet

backing, window frames.

A Low Density Ease of processing, barrier to Dry cleaning, bread, and frozen food
u-& Polyethylene moisture, strength / toughness, bags; squeezable bottles (i.e., honey,
LDPE (LDPE) flexibility, ease of sealing. mustard).
A Polypropylene | Strength/toughness, resistance to Ketchup bottles, yogurt containers and
C‘S Q (PP) chemicals, resistance to heat, margarine tubs, medicine bottles.
barrier to moisture, versatility,
PP resistance to grease/oil.
A Polystyrene Versatility, insulation, clarity, easily Compact disc cases, foodservice
LG Q (PS) foamed (“styrofoam”). applications, grocery store meat trays,
egg cartons, aspirin bottles, cups,
PS plates, cutlery.
5'146‘] Nylon (PA) Acrylonitrile butadiene | Custom products, bottles, plastic

.,
A

OTHER

styrene (ABS) Polycarbonate (PC)
Layered or multi-material mixed

polymers

lumber
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P9UINTNTTHASNElanNHo9n1S LANAERNLUUABAULT LA

g
v
Y
3
v

AMnUsTINWaERNT19AY zdle
Tun1saaneda e liialanldddniuussnnnaiafnlnifitedn “Oxo-biodegradable” was
“Enzyme mediated plastics” Feafa3eudanarafinaessUsziand 1u191n fossil based
polymers L% u polyethylene (PE) polypropylene (PP) polystyrene (PS) tag polyethylene
terephthalate (PET) uagsaufvansifuudaaniziiodenuandilvidumiounaraindanin luud
yoamsdnnaiieduetsnisldan 1w biodegradation aedlsfiony ansduuravariaevliiAans
wansfavasmanainwintiy uiezlivhldiansdosaans Sedmaldiidudiunanannvuindns vy
wnandsegludanden nanafnueni Ssgniailuanrsagesaatenadanimldmiuitmualy

ludarmusuinsgiuieeusulugnavnssuiyy ASTM D6400, ASTM D6868 59 EN 13432

AULANANTZININ “Oxo-biodegradable” waz “Enzyme mediated plastics”

> Oxo-biodegradable

. Wmaﬁﬂ‘dszanﬁﬁﬁugmmmﬂwmaaﬂﬂl’ﬂﬂ 1w polyethylene (PE) polypropylene (PP)
polystyrene (PS) wag polyethylene terephthalate (PET) fifinsifnansurssdiadaly

Welvmanaingasaaiasusulngsandauuazisaufisenlneuataz/misanusou

a | Ay v & & s aa 44 . Aa
- answnusanlddniduindelanzveinsnaisuenddn vie dithiocarbamates Mildunauves
lavead (Co) wan (Fe) wusniila (Mn) vsefiniAia (N) Inslaveadgnlduinlundnsio
o ¢ o ) ~ A a a a e ] . a oA
U539 dmTunasnilavivelinfaldluildunqumeln (mulch film) Tavgdu o wWu 35y

(Ce) Wasusneauindignslun1seonBinduiuwsime

> Enzyme-mediated plastics

- nanadnluanuwauglieaiu oxo-degradable plastics UnlUlaSuLAIAI18a@15UNTS Lo

annsagesaanglameioulesd (“enzyme-mediated degradable” plastics)

- NIrUIUNTERTaaTegne I llalinaInAI NS was UV AnuieSendiena v3eeendiau

WALIAAINAUNTE S19BamuNERaNSANuse "Ndevaanelalagldioulel ssydransiay
wieBun3d saudvarsnive (unsaldiulngfe ethylene vinyl acetate) 3zgnldlag

[y A a

a ¢ ¢ i I a v g a et v
auvsd lnensauazieulaifignUdeseanunazgevanenatafiniilutannafunsdldls
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1.2.2 Biodegradable fossil-based polymers %1189 WoaluesNau1sageaa1en1e@innle

a

pgvanysal dlassadamaniiasnsadesaatsldielnegdunsd wiinaslilindnunainmineins

'
3

vyudsuin msRdNaRzwandeiwesdunnzifigevaasls niounaauds wavnsldau

o AMAUUR aunsainluldmauny msldan
Polybutyrate adipate PBAT Lﬂuﬁiﬁﬂﬁuahﬁ LDPE, HDPE Garbage bags
terephthalate (PBAT) AnsEovg unaz eIt Wrapping films

FlimngegnaBadmiu Disposable plastic
NS S mAY products (lunch boxes,
biodegradable polymers dishes, cups, etc.,)

au  NillugdauazaAy

wduseEs undiaudse

un
Polybutylene succinate Good oxygen barrier Polypropylene Films, bags, %138 boxes,
(PBS) dwiSuussasiueions

LaziAT0E019

Polycaprolactone (PCL) Good water, oil, solvent | - NNSHEAR speciality

and chlorine resistance polyurethanes
Polyvinyl alcohol (PVOH, | Water-solubility - Papermaking, textiles,
PVA) and a variety of coatings

2. WANARNYANN (Bioplastics) AazlS

WANARNTININ AD WANARNTINARTUUNAIUNITDTIUNAINNOBLUDTNAINUNSINNTININ LU D98
wlaluelse vsewaglaaanauliivasnig wanafndinmurssiingevaanglaluilas vieiingnasneiy
~ Y&+ o o ) | = & a ¢
Wwelidudendnlulssnumdnuuugaamnssy neldsumnuiiswiennitios wuaiiBeuasioulsy
TuragPunsrdadeuiuuanuudassazanunumuresatannilula wu polyethylene %3e PET
2.1 MFIMUNUTLANVBINAERNT NN
a A o [ 1 Y dy
wanaAndinmanansagnIuundungus s

2.1.1) FmunnIuAENTR biodegradability

waafnlpevluUsznausie asuau lelasiau 9on@au Wudy MNLNEaIuIU99ANIT UL ANLANS

Y9dmnnUlesedl wanaiwanadnuuliaiunsagasaaieniainnnla
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arsNWaIaanTanwiasadagaalenviainnla (biodegradable bioplastics)

wheat, maize,

tapioca

crystallinity led to low
thermal stability and limited

applications.

Biopolymer Feedstock Wwnau | Aneuda Tinaunu
Starch-based Corn, potato, Starch Low water vapor barrier Polystyrene (PS)
wheat, tapioca Poor mechanical properties
Bad processability
Brittleness
Cellulose-based Wood pulp Cellulose | Low water vapour barrier Polypropylene (PP)
Poor mechanical properties
Bad processability
Brittleness
Polyhydroxyalkanoates | Corn, Starch PHAs — ranging from stiff, Polypropylene (PP)
(PHA) and (PHB) potatoes, brittle to semi rubber-like Polyethylene (PE)
maize, tapioca, PHB - better oxygen barrier
vegetable oils properties than both PP and
PET, - better water vapour
barrier properties than PP,
- fat and odor barrier
properties that are sufficient
for use in food packaging
Polylactic acid Corn (Major), Lactic High tensile strength and Low-density and
(PLA) sugar beet, acid modulus. However, its high-density
potatoes, brittleness and low Polyethylene

(LDPE and HDPE)
Polystyrene (PS)
Polyethylene
terephthalate (PET)
Polypropylene (PP)
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s NWaIaAnTan i liannsadegaalen st anmla (non-biodegradable bioplastics)

Biopolymer Feedstock Ingau Processing sl
Bio-based Sugarcane Sugar -Fermented and distilled to | PlantBottle by
Polyethylene ethanol Coke, Bottles.
terephthalate (PET) - Monoethylene glycol
(MEG) from bio-ethanol
- MEG is combined with
purified terephthalic acid
(PTA)
Bio-based Sugarcane Sugar - Fermented and distilled to | Carry bags, films
Polyethylene (PE) ethanol and bottles
- Dehydrated to ethylene
- Polymerisation
Bio-polycarbonate Comn Isosorbide | - Hydrogenation of glucose A substitute for
to produce sorbitol high-performance
- Isosorbide is obtained from | glass components,
double dehydration of electronic
sorbitol equipment,
automotive
housings, interior
and exterior decor
Bio-Polyamide (PA Castor Oil Sebacic The dicarboxylic acid Electronics,
4,10/ PA 6,10) acid (sebacic acid) part of Automotives,
polyamide is produced from | Sports
renewable resource (castor
oil)

wivnfinsaniagldndnnisnisingivlunisndasasnistesaaienisdinimduassdadendnay

an

33

wsawdananadindanmesndu 3 ngundn deil

1. ngu biobased (Miun91nTauna 100% nieursdan) My non-biodegradable (liigavaans
N19%30M) v¥u PE, PP w3e PET (n38fi38n31 drop-ins*) wa bio-based technical
performance polymers 1w PTT %39 TPC-ET;

(Drop-in plastics e Jagiligosaaiene¥anin wdnu1a1ningAunsyulieu (renewable raw

materials) NilAuanTRNILAamiauiunatafininanu1aInWeada Lag drop-ins plastics
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LA wanainlnafauings biobased (MYNNNIINTINIA 100% HisoUNEIN) Nldosaaleni

FININ 49U Bio-PE, Bio-PET, 50 Bio-PP lunue#l non Drop-ins agnsnefiaiangesanslanig

a | ey v ' (=] va a = LY a a a a
?i’Jﬂ’]‘W‘ViiE]illﬂiﬂ LL(ﬂlllllﬂﬂJﬁll‘UGWl’NW]ﬂ‘LlﬂL‘VilIEJUﬂ‘U‘Wﬁ']ﬁC‘]ﬂ‘]/]Nﬁﬁ]ll']‘U’]ﬂ‘W'e]ﬁ‘lja WIN non

¥ I Id %
Drop-ins LA PLA, PHA, Bio-PA LUUAW)

2. nguitiausulifidu bio-based uas biodegradable W PLA Wag PHA 38 PBS;

3. nguiinAnuIaINWesBaLas biodegradable L9 PBAT

P dunsuanEsULRuNMEINITIANgRTeINaIaRnTInW aunuauTR fedl

Biobased

Bioplastics

e.g. biobased PE,
PET, PA, PTT

Non

biodegradable

Conventional
plastics

[

Bioplastics

e.g. PLA, PHA,
PBS, Starch blends

----- Biodegradable

Bioplastics

e.g. PBAT, PCL

e:gPE; PP, PET

Fossil-based

i : Material coordinate system of bioplastics

2.1.2) 9M6nA1% degree of substitution

- Drop-ins 1Ju¥dn# non-biodegradable wananTngAunywisuidnuautinianaia

wiloudunwarafiniuianveada [Wunaa@ini (partly) biobased, non-biodegradable 1w Bio-PE,

Bio-PET %38 Bio-PP

- Non Drop-ins #oanil biodegradable w3olaifils unlufinmantfniunadamiouiy

waaRnunanWeada nIndlawn PLA, PHA, Bio-PA 1usu

Bioplastics Biodegradable

Non-biodegradable

Drop-ins None

Bio-PET, Bio-PE, Bio-PP

Non Drop-ins PLA, PHA, Starch & Cellulose based

Bio-based Polyamide, Bio-Polycarbonate
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3. ANDAUFIMSUNISHAANAIFERNTININW

9

lun1suan bio-based plastics Hu HFndoningavannune lngludagtudiulugunan dmna wls
Wyl Fausseniningauuwsn (first generation feedstock) WasanMswisiuneaiatuiunis

Tdlumsndnnmsuazemnsdnd TugiwaneUiuun Ianummvdnanalulaglunisldingavanlu
waglad (lignocellulose feedstock) tnanislaswduinmanndnle (fermentable sugar) fatiu 157

Y

anunsanUsssnnvesingaulasial -

3.1 First generation - fifigaumeansiulanse wu dnlnersedes fawsaldiluenmsuionins

ot Y a ! d‘

933516580797 Wye1wnT (food crops) visadngAuiuil 1 (first generation feedstock) slutlagduie

9 9

oA <

1 degavgun 1 Juingaundussaniamasaadmiunsadananaininim 1ies91n dmnufenis

q q

[ a

TunisldiundeenasiunsinzUgnuaslinandngean TngavUssiamillaun 9alne 917818 (wheat)

998 11UNTY sugar beet 117 wagivau (plant oil)

a A v 6

3.2 Second generation — ninedaingAuAlilmingdwsuihlundndue s eesdnd eadula

q

(Y A

anon-food crops (WU Waglas) visetanmasldaningauui 1 (wu dnduiivmiens) TngAulsunn
Ulaun 1l Nymyudsudu (Wu Poplar, Willow %38 Miscanthus) W1a919@18 (Wheat straw) 91udoe

(Bagasse) 44U mlng (Corncobs) nzanauau (Palmfruit bunches) waaintnTa (switchgrass)

o

3.3 Third generation - Ja30u TngAugui 3 fiauiettesiu biomass MNami1edlinandngs

a |

nngAuIun 1 wazguil 2 egnslsinu dngRunguildieglutunsunisiaun uenanildalinmiy

9 (]

NEBINUNaI@RNTININTNIRIN CO, san1wiinu

4. WaNERNYININKAZNT LTI

Ao A a

Tumsduvmadenyesianlvg Welhwsnevesnsudnuasnsuslaafididu wanafindanmdednd
#nenmmansusznns anuAmiluismswdnsitliasnsandanaiaindaninil amnsnaiugy
ansauTRmamenmld ilfaunsondnoeninuarlfideunuunananfindauuunaiuaneadald
wenanil AnausAvesaaRntanmuseiavilranunsntiiidenusuuuudug 88nde

v
=

a Y] (% al YY) a A a 1 a .. .
warafndinmdsaunsawdssulaludnuasideriuiunaainUlasiedl 1wu n153augy (injection

molding) N158AYU3U (extrusion) Wag thermoforming TuN1FUSUUTIAMNUAIUMULIIAT 11150101

bioplastic polymers lUrauiiu co-polymers Wionedwesou o 14
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4.1 nmsldanuwanainganwludagtu

HAs184917] Biodegradable uagiloten)sleaIuay

- Ussysiou

- patautls

- quifivveiininle

- DANAENEDIATIY (punnet) AU walsl o uavly
- gunsaifldlunsdndssuuldudaii

- M3l suwmneg

- Implant lums¥nwinsean W ang v WsouwsHu

- Tandmiveuaviauya

- Waumauua)1 (Mulch films)

q

LASA04919 Non-Biodegradable UasamInuud s

a

¢ ] ¢ 1 adAoJ adAa N A
- Q‘Uﬂﬁm@ﬂ%mﬂﬂqﬁﬂu&nu&]um YU NUY NNIATYENRIDNINLLYU

- PEnsFNiane

4.2 nmsldauwanaindanwluguuuulus« (Emerging end-use segments)
- 3D printing
- Metalized Biaxial oriented -PLA films é{’m%’wis@ﬁmeﬁmms
a [ & o [ @ 1 v}
- NARAUNEVSURN — VBAUAU LAy 8199n (Teethers)
- Modified PLA @5UMsI9auinumiu — nsankssnneluasduaiuenueun annsgluss

- MENISEANE
5. N15IAN1ISWANERN TN WREINARIgNTIF Y

Wvnelegsaudmiundadaginaaindinmlieduganisldaumuingussasdiny fie nsvyuiey
Handuadledugnoymslduieinnauinldlg Gewnuddutuveanmsinnisdieduananendnsio
A 14 il’o/ all a o+ L% gj ‘:’{/ A (% [ a A v : ¥
Ao annsld 9 Sladia mevidendn Ml madenlunsdanisiunatafindanmmasauaneignsls
u laud msSluda msfAundaumauny (mMsw) Jevsin/ biodegradation nseesemnsuuulaily

20N%LAU (Anaerobic digestion) kagMINAUINGFAU (Feedstock recovery)

5.1 Recycling - nana@andannarunsadinduanlalulls uasndudessladalunszuiunisiuen

a1

sanun wndanidesaanslagnindidnszuiunmsslufanatafnuuuiiniastsvaaiseguauiiy

nszuuMsslafa NenvhlidnvauziasauauiRvemarafnuuuiniinauegasuly uonand vwin

Wannsagesamelaiiun Nenvrednuinnisdevaaeselulundndnislufatugaine Faasillg
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=

ANUAUYAIYDINIS T NUNBUNADUMS LT mAlUlag MsARLENNaNZRNTINININNNAERNT I
1 4 & v [ 1 :Jl ] a < % dy < dy d' % a % d‘ QI dy
ague uindsegluyiewmsly waganvaelirnuduldlaunntulugy o 4 WesigUSunumsiiiagy

biinmsamunsnduls

5.2 Renewable energy recovery (incineration) - ﬂﬁiﬁﬁuwﬁﬂﬂﬂuﬂﬁﬂwaﬂaaﬂL‘ﬁULLmﬁmwﬁﬁaﬁ;ﬁ
Taniilosananufeudiiinanwatadiniuiuiugs wanadnd Biodegradable ¥111191nM3WeINS
vy wu PLA Taevhluuseneuseozmesmeseiueu sendiau uaglalasiau lasiomnylifiosnon
vesraesu wolullognenvesrasiudliainlaoondusyninemsen lneundna) wanaRndiniwagladl
perUsznouvesasiuusidansain feidaealuaunsawnldoscaondelngldiidunsieanns
Uaeelneandu wielaviemin agnslsfimu 1ilesw1n biodegradability \uwsegslananvesmisldwanatin
Faaw fatiu energy recovery ?NL‘i’]umﬂLﬁaﬂqﬂﬁmsﬂmmﬁmmiwmaﬁﬂ%amwﬁ?:umqmﬂ%mu

Wasndslimadendug Nuraulandt wu nssleda nsvindendn uwasmsgeswuulildeondiau

5.3 Feedstock recovery #38 Chemical recycling - Tusgninansslaiia wanadndininluiieas
o v @ < va & o [ v 1 1 a 1

gnuaeuazanguavanunsailiidudaladnasedmsunisldnulug udluuviensd anansodevaae

nauluduesdusznaumaailisudule wu amsadfunsauaniinain PLA Zaanansatluldvin PLA

resin 19oNATI NSEUIUMSHE J958ndneenelein chemical recycling

5.4 Compost/Biodegradation — 1519831A27131911998 197 AL ULALIA UNARA NN RS UNITSUTBIIN
biodegradable %38 compostable WukANA1AUBE19Ls NENFTUIN compostable WuazilAMUaNTR

biodegradable felaNe LAnARTMIN biodegradable Hulidududias compostable eusly

sa o

Compostable - #anAae% compostable agpadulumuinasinimunluaiunal @anmuwindes
A nvesleninindals ndndaannarainginmiuruuinlasuniseanuuulv compostable
agalsfieulumane o nsdl compostability auieduluanizifinisamuauegradunalulssumin

Jygnanmnssumintiu

Biodegradable - Biodegradability anunsaialaainusuia CO, Mnanlugianamililay biodegrading
plastic 1msgrufmuaIwBslinisiUasy 60% vesmsusudu CO, aelu 180 Tu dwsuisduiinein
NoRLDIWYY Lay 90% vosensuawdu CO, dwsU co-polymers Wsowediwasnay ogglsinu Tufl

ML zfed “LiflasiunnAne” wazlidvanivuedsunaideddlunsg suaanenistinne e

5.5 mstasdangludnizl3ean@iau (Anaerobic digestion) - LW3sdnnsueadadinan biodegradable
plastics Tu bio-gasifiers tiarlasuveadelidufinsiimuy Fafeduisnvindutesnnlutagiu nsges
aanenanaindininluaniiglioandiau winvinedegnassuayinsiulivveadenilauauda

compostability aztilUdmsdnmsvesnlusyaviznmannyu
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6. WANEANTININ — UINTFIULALNITFUTDY

109910 51 ldaunsatenanuLanAInatanntInmanwatafns luldeg199ea1e 9 ududesd

nalnlun1siusesnanImiarnsinean AailalagrussUULINIEULENNITUTOS

6.1 WIMIFIU - WINIFIU Aegnvastonmuaiindniueifeslfifnunounazlasuaain miseau

"
MMYUANINSEIUE A MAzINASTINE T UNNERNYININTLNA50I1 compostable il

» ASTM - American Society for Testing and Materials (USA)
ASTM D6400 — Hlg13989 compostable plastic fisavunlag the standards association ASTM
International (ASTM) fia “wanafnfiiunisgesaatslnensyuiunismsdaninluseninanismdn

Wielsld o, U1 arsusenaveliunid uasdiuia ludnsifiaenndesiuiagidesaniule

& A -

(compostable) 8u 9 wagliiaasanArafiueadiu wenueyls wseidufinv” (Jurendl Biodegrade +

Y

Disintegrate + Eco-toxicity)
» ISO - International Organization for Standardization (international)
IS0 17088:2012 - 4 Usuufiusialuil Aetuezves compostability: a) biodegradation b) N15LANA?
58119 composting o) naidsausienszuIunsniniouaglsanu d) nadsausennnaesoning
1§ saudalSunanedaveduneuazassunsedun
> CEN - European Committee for Standardization (European Union)
97984 EN 13432 compostability standard
V' mamageumaadl | msdlameesdUszneuiismndosufiRnuainasidmsulanemin
V' Biodegradability Iuam’gxmﬁuﬁﬂﬁmuau (msldeandiau uagn1sudn CO,) : Aosiigailladi
90% wesensBuvadgnildeuluidu co, melu 6 ey
V' asuanda - n&991nn1susin 3 Weu warn133eu (sifting WY 2-mm sieve efaaliAuen
viaavidofisoulaiinu iy 10% deifsutuuiaisusu
v’ msveaeuidaUftRves compostability lulssnundnievinfsgnanvnssy (ognavnssu)
Teygwlilinansenudsausonssuiunsndnley
v’ msveaeumnuidufivieszuuineml: msnsaseunavesloniniidinadenisaiyidulaves

e (Msnmaaunials)

6.2 M33usas - luglsy lususesdasedmsu biodegradable plastics thuseriag DIN Certco uag Vincotte
» DIN Certco oantuiusesdmsu compostable plastics MuuAsgIu EN 14995 (3o 1SO 17088) way
dm3U compostable packaging #11HmsgIU EN 13432 (150 ASTM D6400)
> Vincotte panluusesdmiu compostable plastics AMuaAssIu EN 13432 aasnaulususesdnsy
wananfianansevsinly home composting (OK home composting) wazNAERNi biodegrade Tufu
(OK biodegradable SOIL) wazii (0K biodegradable WATER)
» TuSusesdm3u compostable plastics fseanlag Biodegradable Products Institute (BPI, @n$gewi3nn)

= o

war Japan BioPlastics Association (JBPA, fJUu) saufiteadnsdu § Mdunidndesning
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ANANUINT 2

aarnd 2 1WumninanseaziBendeyaatuiduihunduurdsteyadmivunil 3.1 Uy
msldusglemiveanaraindanmm PLA Ssazutseanidu 3 hfe fe Tuiidedl 1 Ao aanwinnsld
uluasiiou (Domestic applications) wazAIANLINATTIEIIUTUAIUIAINTTULAZAITLNEAT
(Engineering and Agricultural applications) (%348 2) wazatanuinnistdarunienisunng

(Biomedical applications) luwdeii 3

1. MARUINNTIYUTIUASIFDU (Domestic applications)

Manufacturer/User
Application (Product) Description Illustrations
Apparel Mill Direct Apparel PLA fiber is used as a material for making garments. According to
(jackets, caps, polo [1]; substitution of 10,000 polyester performance sports shirts with
shirts), Codiceasbarre the usage of Ingeo™ can help to save fossil fuels equating to 540
(shirts), Gattinoni gal gas/greenhouse gas emissions or 11,500 miles of driving a car.
(wedding dresses), Apparel made of PLA has excellent wicking properties and has low
Descente moisture and odor retention. It is hypoallergenic, eliciting no skin
(sportswear), etc. irritation. For apparel, Ingeo™ can be blended with a maximum of
67% natural, cellulosic or man-made fiber to achieve a variety of
properties.
=
Bottles Shiseido-Urara PLA is known to be suitable for making bottles. Most of the PLA
(shampoo bottles), grades are suitable for application at or slightly above the room
Polenghi LAS (lemon temperature. This is because PLA bottles tend to deform at
juice bottles), temperatures of 50—60 °C [2], i.e., the glass transition temperature
Sant'’Anna (mineral (Ty) of PLA. When the temperature reaches T, the amorphous
water bottles), etc. chain mobility of the plastic starts to increase significantly. The PLA
material, which is glassy and rigid at room temperature, gradually
turns mobile and rubbery at T;. However, PLA bottles have
excellent gloss, transparency, and clarity—equal to polyethylene
terephthalate (PET). The PLA also has exceptional flavor and
aroma barrier properties. The substitution of 100,000 32-0z juice
bottles can save fossil fuels equating to 1160 gal of greenhouse
gases or a car traveling for 23,800 miles [3].
Cups and food Fabri-Kal (cold drink This is one of the most important applications of PLA. PLA is used e
serviceware cups and lids), Coca- for these applications in order to reduce the volume of - |
Cola (lining of paper nondegradable disposable food serviceware, such as cups, plates, b ]
hot cups), Avianca (in- utensils, and cutlery going to landfill. Conventionally, polystyrene
flight cold drink cups), and polypropylene have been widely used for making food s
StalkMarket (cutlery serviceware due to their low cost, light weight, and acceptable J
sets), etc. properties. PLA is a good alternative; it has excellent gloss, clarity,
printability, and rigidity. It has good barrier properties with grease,
oil, and moisture, and has the flexibility to adapt with high
production plastic technologies, such as injection molding and
thermoforming. PLA is also suitable for coating or lining paper cups.
The environmentally friendly characteristics of PLA means that it
can help to save 5950 gal of gas/greenhouse gas emissions for
every million of cups, forks, spoons, and knives, when substituting
petrochemical polymers [4].

uwdadiun : Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications), William Andrew,

imprint of Elsevier
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1. meeunnsigaulunasaisou (Domestic applications) (fa)

Food packaging

Lindar (thermoform
container), InnoWare
Plastics (thermoform
container), Carrefour
Belgium (grocery
bags), etc.

PLA is suitable to be used for light weight and transparent food
packaging containers. It is highly glossy and can be easily
printed—equal to the existing materials, such as polystyrene,
polyethylene, and polyethylene terephthalate. Container lidding
made from PLA is compostable and renewable; typical lidding
applications include yogurt pots, sandwich containers, and fresh
food trays for fruits, pastas, cheeses, and other delicatessen
products. The design solution of compostable delicatessen lidding
of NatureWorks® PLA is shown.

The advantages of this lidding design are: superior flavor and
aroma barrier up to 47 °C, with strong resistance to most oils and
fats in contact with food products [5]. The heating sealing can be
done at temperatures as low as 80 °C with the heat seal strength
>1.5 Ib/in. PLA has good compatibility with many ink formulations
with a natural surface energy of 38 dyne/cm?. Additional treatment
with both corona and flame can further enhance surface energy to
over 50 dyne/cm?. The conversion of 250,000 medium-sized deli
containers to PLA can save 3000 gal of gas/greenhouse gas
emissions progressively [6].

Films

Frito-Lay (SunChip),
Walmart (salad
packaging), Naturally
lowa (EarthFirst®
shrink sleeve label),
etc.

PLA films are made for bakery goods, confectionery, salads, shrink
wrap, envelope windows, laminated coatings, multilayer
performance packaging, etc. PLA can be made into biaxially
oriented plastic film for packaging bags. PLA plastic bags take

a few months to fully degrade when buried in compost. The
thickness of the film affects the rate of degradation and mass
losses. PLA marketed by NatureWorks is specially made for
processing using the blown film equipment for low-density
polyethylene film. It can be also processed using the oriented
polypropylene facility with minor modifications to setting. Every
year, millions of plastic bags are disposed of, causing white
pollution to the ground and water. The substitution of petroleum-
based plastic bags for PLA bags can make significant
environmental savings. The replacement of 20 million medium
salad package bags can help to save fossil fuel equal to 29,200 gal
of greenhouse gas emissions [7].

Cards for
transactions

Apple Store (iTunes),
The Plastic Card
Shop® (gift card), etc.

Transaction cards made of PLA are as durable as polyethylene,
polyvinyl chloride (PVC), or polyethylene terephthalate. Most of the
existing plastic cards are made for single use, such as gift cards or
prepaid top-up cards. There are millions of regular hotel key cards,
and loyalty and transaction cards produced every year. PLA cards
have good adaptability to cope with security features and magnetic
strips. They have durable characteristics and can be film-
laminated. Water-based acrylic and solvent-based nitrocellulose
and polyamide are the suitable inks for printing onto PLA cards. By
converting 40 million plastic cards to PLA, this can make an
environmental saving equivalent to 20,800 gal of gas/greenhouse
gas emissions or a car traveling 631,700 miles [8].

uwaedinn : Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications), William Andrew,

imprint of Elsevier
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1. maeuannsidauluasaisou (Domestic applications) (fa)

Rigid consumer
goods

Bioserie (iPod and
iPad covers), Henkel
(correction roller and
stationery), NEC
(Nucycle desktop
computer), Cargo
(lipstick case)

PLA is widely used as the casing for electronic devices, cosmetics,
and stationary. The rigid character of PLA can provide protection to
enclosures for highly sensitive products, such as electronics and
cosmetics. There are a few grades of PLA on the market specially
designed for high-impact and heat-stable applications. PLA is
readily coupled with fibers to form composites for extreme
applications. Potential applications for PLA composite include
computer casings with good stiffness. PLA is very important for
electronics industry nowadays, because the development and
turnover of electronic appliances is tremendous. A handheld device
can become outdated because of embedded software in a single
year. Every year, millions of mobile phone casings are disposed.
Every 1,000,000 casings generate 6,400 gal of greenhouse gas
emissions. Laptop cases, disposable razors, pens, cosmetic
containers, etc. all put burden on landfill. Substitution of
petrochemical-based plastics with PLA can reduce the volume of
waste in landfill sites due to the biodegradability of PLA. Life cycle
analysis demonstrates that a desktop computer with PLA content
(~75% plant based) offers a significant carbon footprint reduction,
lowering CO, emissions by around 50% compared to the
petroleum-based polycarbonate/ABS blends.

Home textiles

Eco-centric (cushion),
Ahlstrom (tea bag),
Natural Living®
(mattress topper), etc.

PLA can be transformed into fiber to substitute existing PET
products, such as fabrics. PLA in this form has equally good
breathability and comfort. It has outstanding moisture management
properties and good thermoregulating characteristics. PLA fabric is
easy to care for quick drying and requires no ironing. In

a comparison of PLA fiber with soy and bamboo fibers to determine
the percentage of shrinkage after washing and tumble drying
following the AATCC 135-2004 IlIA [9], PLA fiber showed

a reduction of 2.2% in length after three washes, while soy and
bamboo fibers reduced by 15.0% and 17.2 %, respectively [10].
Although bamboo, soy, and PLA are all biodegradable and
agriculturally derived, PLA fiber tends to show superior properties.

&
e
a ..

Nonwoven
products

GroVia (diapers),
Elements Naturals®
(baby wipes),
Renewable Fiber LLC
(shopping bags), etc.

Many nonwoven products can be made from PLA instead of PET
and polypropylene. Existing synthetic nonwoven products, such as
diapers, baby wipes, sanitary pads, and shopping bags, require
hundreds of years to degrade after landfill burial. PLA is favorable
because it can be spun into fibers. It has low flammability, with

a limiting oxygen index of 26, high resilience and excellent wicking.
It has also been found that PLA fibers exhibit 20% and 45% higher
extension than wool and cotton, respectively [11]. It has been
shown in tests that PLA does not cause irritation to the mammalian
body [12]. When 1 million diapers are converted from PET and
polypropylene to PLA, it can help to save fossil fuel equivalent to

1,000 gal of gas/greenhouse gas emissions or driving a car for
12,800 miles.

uwdadiun : Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications), William Andrew,

imprint of Elsevier
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1. meeuannsidauluasaisou (Domestic applications) (fa)

Foam trays

Sealed Air (Cryovac®
NatureTRAY food
tray),

Dyne-a-pak Inc.
(Dyne-a-pak Nature™
meat foam tray), etc.

Foam trays are important in packaging, especially for fresh food.
“Styrofoam” is the well-known foam tray made from polystyrene.
This type of polystyrene is cheap but nondegradable. Recycling of
foam trays is not a profitable business because the collection
volume is large in order to rework it into a small amount of dense
resin. The density of Styrofoam is 0.025 g/cm® compared to virgin
polystyrene resin, which is 1.05 g/cm®. This means that 42 foam
trays are needed to revert to the original dense polystyrene. PLA is
a good replacement because the disposed PLA foam tray can be
composted easily without causing adverse effects to the
environment. Moreover, the compostable nature of PLA provides
enriching nutrients when buried in soil.

>

Expanded foam

Foam Fabricator, Inc.
(expandable foam for
cushioning)

The technology was developed by Biopolymers Network, and the
work received the “Best Innovations in Bioplastics Award” at the
Annual European Bioplastics Conference. The technology relies on
the application of an expansion agent of CO,, which is a safer
substance compared to expandable polystyrene using pentane as
the expansion agent. The compostability of the expanded PLA
foam provides an environmentally friendly solution to the electrical
and electronics industry, which uses expanded foam as

a cushioning material during shipping.

Children’s toys

Kik&Boo (soft toy
filled with PLA fiber)

PLA can be used to make both rigid and soft toys for children. In
one example, the fabric of the soft toy is produced from woven PLA
fiber, while the soft toy is filled with PLA fiber padding. Both soft and
rigid toys made of PLA are washable and hygienic. The production
of PLA does not involve toxic petrochemicals; thus, it reduces the
exposure of the children to toxins.

Fashion products

Fashion Helmet
(designer helmet),
Rizieri (ladies shoes),
etc.

Environmentally friendly PLA can be used to produce typical parts
of the helmet. This is only limited by the artistic design; the outer part
of the helmet is covered with PLA-calendered cloth. Similarly, the
ladies fashion brand, Rizieri, of Milan, Italy, has created an
innovation known as “Zero Impact,” involving models of
“handmade” products based on PLA or Ingeo® fabric. These
products have all the delicacy of silk to the touch.

wwaediun < Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications), William Andrew,

imprint of Elsevier
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2. maruaInnsgnuluf A rnssuaznsinens (Engineering and Agricultural applications)

Application

Manufacturer/User
(Product)

Description

lllustrations

Engineering materials

Singoshu (Lactboard® for
draining plate)

Drainage material is used in construction
ground works to reduce or eliminate hydrostatic
pressure while improving the stability of the
enclosed materials. PLA drainage material has
good workability for soft ground with sufficient
permeability and tensile strength. The favorable
biodegradability of PLA enables the drainage
material to return to nature safely. In other
words, after the consolidation period, PLA can
reduce the load on the surrounding
environment and be detoxified. The PLA
material can become impaired after completion
of the shield for excavation and underground
construction consolidation settlement.

Automotives

Toyota (floor mat of Toyota
Prius and spare tire cover),
Toray (fiber for car mat), etc.

The automotive industry uses large quantities
of plastics, especially polyethylene, polyvinyl
chloride (PVC), and acrylonitrile-butadiene-
styrene (ABS), which are derived from
nonrenewable petroleum sources. The levels of
recycled plastics in use are as low as 30% (by
weight); the remaining are virgin polymers.
When the car is disposed of, the percentage of
plastic recycled from it can be as low as 20%.
This means that a large volume of automotive
plastics eventually end up polluting the
environment. PLA is an environmentally friendly
material for automotive applications. This is
particularly important for those parts that cannot
be recycled, such as car mats and cushion
fabrics. The rigidity of PLA is an advantage for
external cover applications. Although PLA is
biodegradable, the rate of degradation is low
and requires high moisture conditions to initiate
the hydrolysis process (the depolymerization
reaction). The involvement of microorganisms
takes part only after the depolymerization
reaction transforms the material to low-
molecular-weight oligomer lactate. Normally,
this process takes time, and this exceeds the
lifetime of the products.

<

Building materials

LG Hausys (laminated
flooring and wallpapers),
Saint Maclou (carpets),
Sommer Needlepunch
(Eco2punch® carpets), etc.

Most PLA products in the construction industry
are related to flooring. Products include carpet,
laminated flooring materials, and wallpapers.
PLA in this area is aimed at substituting PVC,
which dominates as a building material. One of
the problems of PVC is that its processing
requires plasticizers, which increases
flammability. Consequently, halogen flame
retardants are added to achieve better fire
resistance. In contrast, PLA is derived from
agricultural sources, and involves less toxic
substances during processing stage. Most of
the building materials made of PLA can last well
when well maintained. These PLA products can
be disposed without causing serious pollution to
the environment at the end of life.

Electrical and
electronics

Fujikura (conductor cable
coating), Renesas (computer
network device casing), ABB
(socket casing), etc.

The usage of PLA in the electrical industry is
still in the developing stage. PLA can be used
as the coating agent for conductor wire. It can
also be easily formed into rigid casing for socket
and plug applications. Reference [13]
compared PLA with polyethylene and polyvinyl
chloride (PVC) and found that the resistivity of
PLA (4.3 x 1017 Qcm) is higher than
polyethylene (>1016 {2cm) and PVC (1011
—1014 Qdcm). The dielectric dissipation factor of
the three polymers are PLA = 0.01%,
polyethylene = 0.01%, and PVC = 0.10%.
Generally, PLA has equally good electrical
properties as other commodity polymers used
in the electric and electronics industries. (See
Table 3.3 for a comparison of PLA and PVC
cable.)
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2. mAruInNs g nulug A sanssuuaznsinens (Engineering and Agricultural applications)

(Gh)]

Agricultural FKuR Kunststoff GmbH (Bio- The biodegradable characteristic of PLA is
Flex mulch film), Desch favorable in agricultural applications. This is
Plantpak B.V. (D-Grade® Bio because PLA can be well composted without
thermoformed flower pot, trays | leaving harmful residues in the soil. PLA mulch
and packs), BASF (Ecoflex® film can provide soil protection, weed

mulch film) management, fertilizer retention, etc. Over time,
the mulch films slowly degrade and finally
decompose when the crops reach the harvest
period. This eliminates the need for farmers to
collect and dispose the used mulch film. The
composted PLA mulch film also provides soil
nutrients. Flower pots made of PLA can be
buried in soil and left there to degrade when the
plant is ready to be planted in the ground.

wwaadiun : Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications), William Andrew,

imprint of Elsevier
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3. ANANUINAISLUUNIINISUNNE (Biomedical applications)

Application

Manufacturer/User
(Product)

Description

lllustrations

Surgical
implants

Zimmer (Bio-Statak®
suture anchor and bone
cement plug), Ethicon
(Vicryl suture and Vicryl
mesh) and Sulzer
(Sysorb™ screw), etc.

PLA and its copolymer PLGA
(polylactide-co-glycolide) are
compatible with living tissue.
However, this is limited to the L
stereoisomer of PLA because
mammalian bodies only produce an
enzyme that breaks down this one.
PLA and PLGA are used to fabricate
screws, pins, scaffolds, etc., to
provide a temporary structure for the
growth of tissue, eventually breaking
down after a certain period. The
purpose of copolymerizing with
comonomer glycolide is to control
the rate of degradation through the
modification of crystallization.
Sometimes, L and b isomers of
lactides are copolymerized for this
purpose. Although poly(p-lactic acid)
cannot be consumed by the body’s
enzymes prolonged exposure to
body fluid tends to initiate hydrolysis,
which eventually breaks down the
macromolecules. Orthopedic
surgery often uses PLA and
copolymers to fabricate artificial
bones and joints. PLA has been
used to make surgical sutures for
decades. In short, PLA is an
important material for biomedical
surgical applications.

Drug carrier

Abbott (Lupron Depot®
for palliative treatment of
advanced prostate
cancer), AstraZeneca UK
Limited (Zoladex™, an
injectable hormonal
treatment for men with
certain types of prostate
cancer), Janssen
Pharmaceuticals
(Risperdal® Consta®”, for
treatment of
schizophrenia and for the
long-term treatment of
bipolar | disorder), etc.

Most of the PLA drug carriers on the
market are available in the
copolymer form. This is due to the
fact that high purity PLA possesses
high crystallinity and takes a longer
time to degrade while releasing
active drugs. The majority of PLA
drug carriers are copolymerized with
different percentages of polyglycolic
acid (PGA). Normally, such drug
carriers slowly release the
medication for long-term treatments.
For instance, leuprolide acetate
applied with a miscrosphere delivery
system of PLA and PLGA is used for
the treatment of cancer and fibroids.
PLGA (polylactide-co-glycolide) can
be used in the form of implants and
gels with the therapeutics goserelin
acetate and paclitaxel for the
treatment of prostate/breast cancer,
or other anticancer drugs.

uwdadiun : Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications), William Andrew,

imprint of Elsevier
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3. AMANUINATITIIUNINISUNNY (Biomedical applications)

Tnedisneazidaniau@neainisun PLA TUndununaaiuasaue

Polymer

Area of Application

Products

Poly(lactide)

Orthopedic surgery, oral, and maxillofacial
surgery

Takiron: Osteotrans™ MX, Fixsorb™ MX (screws,
nails, pins)

Gunze: Grandfix®, Neofix® (screws, nails, pins)

Arthrex: Biq-Tenodesis" (interference screw), Bio-
Corkscrew™ (suture anchor)

Conmed Linvatec: SmartScrew®, SmartNail®,
SmartTack®, SmartPin® BioScrew™

Stryker: Biosteon™, Biozip® (interference screw,
anchor)

Zimmer: Bio-Statak™ (suture anchor), prostatic
stent, suture anchor, bone cement plug

Dermik Laboratories: Sculptra® (injectable facial
restoration)

Kensey Nash: EpiGuide™

Poly(p,.-lactide-co-glycolide)

Poly (p,.-lactide-co-glycolide) 85/15
Poly(p,.-lactide-co-glycolide) 82/18
Poly(p,.-lactide-co-glycolide) 10/90

Sutures

Drug delivery

Oral and maxillofacial surgery
General surgery

Sutures, periodontal surgery, general
surgery

USS Sport Medicine: Polysorb™ sutures

Instrument Makar: Biologically Quiet™ (interference
screw) Staple 85/15

Biomet: ALLthread™ LactoSorb®, screw, plates,
mesh, surgical clip, pins, anchor

Ethicon: Vicryl suture, Vicryl mesh

Poly(L-lactide-co-p,L-lactide) 98/2
Poly(L-lactide-co-p-lactide) 96/4
Poly(L-lactide-co-p,L-lactide) 50/50
Poly(L-lactide-co-p,.-lactide) 70/30
Poly(p-lactide-co-p,L-lactide-co-L-lactide)

Orthopedic surgery
Oral and maxillofacial surgery

Phusiline™ interference screw, Sage
ConMed: Bio-Mini Revo™

Sulzer: Sysorb® screw (50/50)
Geistlich: ResorPin® 70/30

Kensey Nash: Drilac®

Surgical dressing

Poly(p,L-lactide-co-caprolactone)

Nerve regeneration

Ascension Orthopedics: Neurolac*
Polyganics: Vivosorb®

wwaediun < Handbook of Biopolymers and Biodegradable Plastics (Properties, Processing and Applications), William Andrew,

imprint of Elsevier
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