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MaOnoiakoi 2160l
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® H ecoikeiwon pe Ta UAIKA ouOKeuaaoiag, Twv
TTEPIEKTWYV KAl AOITTWV TEAIKWYV TTPOIOVTWY KOBWC Kal
N oUVOEQN TOUC MUE TIC BACIKES IDIOTNTEC KAl
EPAPUOYEC TWV UAIKWYV OTA TPOPIUA.



g‘@% TEQTTONIKO TTANETTIZ THMIO AOHNON | AGRICULTURAL UNIVERSITY OF ATHENS

(R

Aegeic KAs1di1a
-]

® UAIKA oUuOKeEUAaOiag,
® TTEPIEKTEC,

® (PUOIKEC I010TNTEC,
® £PAPMOYEC,

® TToAUpEPN,

® ouvTnpnan,

® TTOI0TNTA
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Bio-a1ro1KodouRoipa YAIKA
T1 YTTapxel otnv Ayopq;

Saaeal 3I0TEC*)
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Poly(lactic) Acid s

Xnuikn dopn
L-, D- lactic acid, L-, D-lactides and meso-lactide
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L-Lactic Acid D-Lactic Acid

m.p. 16.8°C m.p. 16.8°C
o H O CH, O~ CHs
o= \c'-cu_,, 0=(|:/ \cI;-H o=c” c=H
HeC G=0 HiC c=0 HyC=C C=0

HE o He o H o~
LL-Lactide Meso or LD-Lactide DD-Lactide

m.p. 97°C m.p. 52°C m.p. 97°C
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YynuaTikA AvatrapdoTaon
[lapaywyng

Overview of Processing Steps

Lactic Acid

Future:

NatureWorks™ PLA Lactide

Packaging
* Deli/bakery packs

* Film wrap/windows

* Disposables
Ingeo™ Fibers \
20 to 50% less fossil fuel use

* Apparel

*Bedding/Blankets 35% to 70% reduced GHG emissions
*MNon-Wovens

Reduced regulated solid waste generation

Minimal water usage
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PLA — KukAoc¢ NpoiovTog
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Renewable Carbohydrate Resources
{Beei, Cane, Cellulose Etc.)

[

Pretreatinent of Raw Matenals

y
ﬂ { Medium Preparation }=: Additives ﬂ

v

Integrated Bioprocess
{Fermentation & Downstream Purification) t

»

ECb_'.i L (+)/ DX-) - Lactic Acid E,g
v |

| Lactic Sals || Poly-Lactic Acid || Lactate Esters |

ﬂ S |

Applications

Biodegradation
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PLA lNevika

S
OEePUOCLYKOAANCN

EKTOTTOON e CLVNBICUEVEC UNXAVEC
KaAn eppavion akpwv Kal twist retention (aPLA)
CPLA 1110 B£pO0aVOEeKTIKO AAANG BAUTTO

Blow Forming, Injection Moulding & Film grades
LTTAPXOLV (Kal o€ Biax), aAAG pe AiyeC XpNOE€IC

® H Snuiovpyia appPdoLC LAIKOL PPICKETAI LTTO
e€ENICEN

® [avw ato 90% RH & 45 °C 1oOKAAEl OCNUAVTIKN
ueicoon Tov MW (aPLA)

® ATTOOLVOEON O€ UNVEC O€ EYKATAOTAOEIC
Biopnxavikob composting



2" | FEQITONIKO MANETIZTHMIO AOHNON  AGRICULTURAL UNIVERSITY OF ATHENS

Napadeiypata LUYKPIONS ME
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Packaging Value Proposition

* All Natural Product

 Performance Equal To or Better
Than Incumbent

» Lower Density than PET
« Stiffness allows Down-Gauging

« Compostable, with other End of
Life Options

52
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Quoika XapaKTnPIoOTIKA
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Physical Characteristics

* Pellets supplied in barrier packaging

. Tg 55-65°C medium D ~60°C
¢« Tm 130-175°C medium D ~160°C

— Low and medium D level PLA may be semicrystalline if (cold
draw) oriented, annealed, or nucleated

* % Crystallinity  0-50% (93 J/ig = 100%)
+ 1.24 g/cc density

« Critical surface energy of 38 dynes




TEQTTONIKO TTANETTIZ THMIO AOHNON | AGRICULTURAL UNIVERSITY OF ATHENS
ﬂfg, ..._F\a'

Quoikd XapaKTnPIoTIKA 1/2
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Material Properties of PLA

Tensile Strength Flexural Strength {Flexural Modulus
Density [Tg,C ~ |Tm,C [Mpa Elongation, % [Mpa Mpa lzod Impact, Jim
N RS R B ST
PS | 105  85/105-110 4 4 76 3000 2
aPET] 139 69 266 57 10 88 2700 59
PP | 0906 -] 175 3 200 48 1310 5
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Flavor & Aroma Barrier

« Mass Spectrometric System for Aroma/Flavor
Permeation Rates

 d-Limonene
— Test @ 47°C, dry and 100% RH conditions

— At least 1 million times better barrier to d-limonene
than LDPE

 Ethyl Butyrate
— Test @ 28°C, dry

— At least 10,000 times better barrier to ethyl butyrate
than LDPE
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OepUIKA XOAPOAKTNPIOTIKA
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Maximum Use Temperature for aPLA

* Hot liquid of 43 to 44°C (109 — 111°F) can be placed in the PLA
cups without observable distortion.

* Hot liquid of 46°C (115°F) placed in the PLA cups caused
noticeable distortion of the cups.

» Exposure to temperatures >110°F are greater than the
maximum recommended temperature exposure for PLA.

* PET and PS can withstand temperature exposure of greater
than 62 to 63°C (143 — 145°F) .
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Kwodikotroinon
«
® PET -1
® HDPE -2
oV -3
® LDPE —4
® PP -5
® PS — 6
® AANO -7



g‘? TEQTTONIKO TTANETTIZ THMIO AOHNON | AGRICULTURAL UNIVERSITY OF ATHENS

BiBAloypapia 1/2
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® A. KavaBoupag. 2uokeuaaia Npoioviwy Kata tnv
MeTagpopa kal AttoBrnkeuon touc. ABrva, Ekd.
[Matralnon, 2009.

® |.[. MmTAouUkacg. 2uokeuaaia Tpoipwyv. ABrva, EkO.
2TANOUANG, 2004.

® N. I. Kapakagoidn¢. Kutiotroiia. ABriva, Ekd. Twv
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® |. 2. ApBavitoyiavvng. 2T1oIxEia TexvoAoyiag,

LUETATTOINONG KOI CUCKEUOQTIAC TPOPIUWV.
©cooalovikn, Ekd. University Studio Press.

® N. [. Kapakagidng. 2xediaoud¢ ouoKeuaaiag.
ABnva, Ev. lwv,

® 2. E. lNamaddkng. 2Zuokeuaagia Tpo@ipwyv. ABnva,
Exkd. TJI0AQ.
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Adelec Xpnong

® To TTapOV EKTTAIOEUTIKO UAIKO UTTOKEITAI O€ ADEIEC XPNONG
Creative Commons.

® [1a eKTTAIOEUTIKO UAIKO, OTTWC EIKOVEC, TTOU UTTOKEITAI O€
AAAOU TUTTOU QdEIa Xprnong, N adsla Xxpnong ava@EpeTal

PNTWC.
00
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XpnuatodoTnon
S

® To TTapOV eKTTAIOEUTIKO UAIKO £XEI avaTITUXOEI OTO TTAQICOI0 TOU
EKTTAIOEUTIKOU £pYOU TOU OIDACKOVTA.

® To épyo «AvolkTa Akadnuaikad Madnuata Mewtrovikou
MavetmioTnuiou ABnvwv» €£Xel XpNUATOdOTAOEI HOVO THV
AvadIAMOPPWON TOU EKTTAIOEUTIKOU UAIKOU.

® To £pyo uAoTrolgital oTo TTAQiCIO TOU ETTiXEIpnOIaKOU
[MpoypaupaTog «Ektraideuon kai Aia Biou Madnon» kai
ouyxpnuMarodorteital atrod Tnv EvupwTraikni ‘Evwon (EvpwTraiko
Kolvwviko Tauegio) kal atro €Bvikoug TTopouc.

ENIXEIPHEIAKO MPOTPAMMA
o EKTAIAEYEH KAl AIA BIOY MAGHEH == EZ"A

ENEVEVON GTNY UOVWYid TNE. YVUWEH

* *
* *
* *

* oy Kk

s npoypappa yio v avdntugn
YNOYPTEIO MAIAEIAL KAl OPHEKEYMATAON  EvPanaiko KOINONIKO TAMEI
Evpwraikn ‘Evwon EIAIKH YINMHPEXIA AIAXEIPIZHL

Ei (KO K 6 Tapei
UPUTAIOTOWIVIKO THHE Me ™ ouyxpnparodotnon tng EAAadag kat tng Evpwmnaikr¢ Evwong
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® Copyright T'ewtroviko lMNMavemmiotipio ABnvwy, Tunua EmoTAung
Tpogiuwv kal Alatpo@ri¢c Tou AvBpwTtrou, Avtwviog Kavaoupag,
«2uokeuaoia Tpogipwvy». 'Ekdoon: 1.0. ABrjva 2015. AilaBEoiuo atrd
TN dIKTUOKK dIEVBUvOonN: http://oceclass.aua.gr/
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2nNUEiwpa Ade0d0TNONG

To TTapdv UAIKO diaTiBeTal e TOUG Opouc TNG adelag xprong Creative Commons
Avagopad, MNapouola Alavopuny 4.0 [1] A netayeveéoTepn, AiEBvAC

‘Ekdoaon. E€aipouvTal Ta autoTEAR £pya TRITWVY, TT.X. PUWTOYPOAYIES, dlaypdupaTa
K.A.TT., TO OTTOIQ EUTTEPIEXOVTAI O€ QUTO KAl TA OTToia avagEpovTal Jadi Je TOUG
OPOUG XPNOoNG TOUG OTO «ZNMeEiwua Xpnong Epywv Tpitwv».

‘©Nolel

H adeia autry avikel OTIC AdEIEC TTOU aKOAOUBOUV TIC TTPOdIaypaAPEC TOU
Opliauou AvolkTAG 'vwaong [2], eival avoIKTO TTIOAITIOTIKO £pyo [3] Kal yia TO AGyOo
QUTO ATTOTEAEI AVOIKTO TTEPIEXOMEVO [4].

[1] http://creativecommons.org/licenses/by-sa/4.0/
[2] http://opendefinition.org/okd/ellinika/

[3] http://freedomdefined.org/Definition/El

[4] http://opendefinition.org/buttons/
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AlaTRPNON ZNUEIWHATWYV
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OT1ro1adNATTOTE avaTtTapaywyn N dlaokKeun Tou UAIKoU Ba
TTPETTEI VA OUMTTEPIAAMPAVEL:

® TO 2nueiwpa Avagpopdag

® 10 2nueiwpa AdEI0dOTNONG

® TN dNAwaon Alatnpenong ZNUEIWPATWY

® 10 2nueiwpa Xprions Epywyv Tpitwyv (E@OCOV UTTAPXEI)
uadi Je TOUC OUVOOEUOMEVOUC UTTEPOUVOECOUG.
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