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Abstract: This paper presents and discusses results from LCA
studies for the commercially important bio-based plymeric
material - poly (lactic acid); petrochemical - low density
polyethylene and new packaging material - polyethghe with
oxidizing additives. During this study only 2 aspets - the energy
used and greenhouse gases exhausted have been stlidand
calculated for first and second life cycle stage (aterials
production and processing). Summarized results teiy that the
greatest negative burden on environment gives oxoER since oxo-
additives promotes fragmentation of PE and excludegecycling.
Additionally to energy use, another aspect is: metaons — one of
degradation product of oxo-PE - causing the soil caamination
and threaten human health. PLA packaging material pesents
the most appropriate long-term development outcomes
considering energy use and greenhouse gas emissions

Keywords: life cycle assessment, poly (lactic acid), PE with
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| INTRODUCTION

Modern world-class manufacturing companies at aagyesof
development, along with economical factors, mord arore
focus on the environmental factor [1]. Today's nehrk
represents lot of different packaging materials @énaavs special
attention to the biopolymers and biodegradable melg.
Environmental considerations have been, and wiltinae to
be, an important motivation to develop and intredbo-based
polymers. This calls for a comparison of their eowmental
performance with alternative petrochemical matsrial

Life cycle approach or life cycle thinking is a npvinciple in
the product development. The main idea of this @ is to
consider all environmental impacts arousing dulifiegcycle of
a product from its “cradle” (production of raw nmadds) to
“grave” (safe disposal or recycling). Life Cycle sgssment
(LCA) is an instrument designed to identify andatzount all
environmental impacts of product, process or sersiarting
from its production stage and during its use, al agin the
end of the life [2].

The outcome of LCA provides important decision supp
information to industry and policy-makers on tedogy
options that minimize environmental impacts, andssa vital
environmental management tool
environmentally sound technologies. The resulis@A studies
are, of course, useful in themselves, but they sigaport the
equally valuable concept of whole life cycle thimgi when
addressing environmental and sustainability mafBdrs

During this study was performed qualitative life cley
analysis with some quantitative elements on comialrc
important bio-based polymeric material - poly (lechcid)
(PLA); petrochemical - low density polyethylene (BB) and
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in the move to more

new packaging material - polyethylene with oxidizedditives
(oxo-PE), focusing on impact to the climate changeich is

among most urgent environmental problems. Durirgstudy
introduced hereto two aspects - the energy usedji@ahhouse
gases exhausted have been studied, based onufi¢edatta, and
calculated for first and second life cycle stageat@rials

production and processing).

Il LIFE CYCLE ASSESSMENT

According to the International Standardization @gation
(ISO), the Life Cycle Assessment (LCA) is a techaigfor
assessing the potential environmental aspectsiassbaevith a
product (or service), by: compiling an inventory refevant
inputs and outputs, evaluating the potential emwirental
impacts associated with those inputs and outpotsypreting
the results of the inventory and impact phaseglation to the
objectives of the study, see procedure in the Eidubelow.
LCA is used mainly for comparison among alternapiveducts
or processes or to identify the production stepsiog the gre-
atest environmental impacts [2; 4; 5].

Such a "cradle to grave" analysis (from extractodnraw
material to waste management) incorporating maiwtiag
practices, energy input/output and overall matefias, is
needed to understand major environmental impactd
sustainability. During this study a complete LCA swaot
performed due to limited time and limited accessh® data,
only some aspects assessed form life cycle pergpect

The environmental concern has been the main drifonze
for development and marketing of bio-polymers. Sdoking
force calls for a scientifically sound comparisamoag bio-
polymers and synthetic polymers, to ensure, that@mmental
protection targets have been really achieved. Rfmrexisting
studies some conclusions can be drown:

1) Biopolymers, comparing with synthetic polymers, déav
some advantages, e.g. lower consumption of fassis fand
lower emission rate of greenhouse gases from ttudewife
cycle.

From the environmental point of view, the last ghasthe
life cycle of polymers — “grave”- is very importaince in
case of the best scenario it is possible to recthesenergy
(combustion) or resources (biomass).

In order to promote biopolymers on the market, éhisra
need for improvements in the national waste managéem
system to ensure energy recycling
production and combustion.

4) Another important environmental benefit in case of
biopolymers is waste minimization, since often for
production of biopolymers waste and by-products ban
used.

2)

3)

an

trough biomass
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Fig.1. Process of life cycle assessment.

5) There is a need for more complete research on mmsss
(especially CH) from wasted bio-polymers in biological
waste streams from households and municipalitie
Besides, there is a need for a joint data base fr@A
studies on biopolymers [6; 7].

Another new product, coming to the market, is oxo
polymer; although a synthetic polymer with speciado-
additives, it is believed to be more sustainablanks to
increased degradation rate in the environment

Il RESULTS AND DISCUSSION

In this paper three popular packaging materials? EDoxo-
PE and PLA, were investigated from a life cyclespective.
Greater emphasis was placed on the qualitativeysisabf the
materials. In applications of the LCA which imply
comparisons between alternative products, the blgédche
assessment is generally always the service providethe
user, i.e. the function which a given product H&ss service
must be defined and quantified. In the terminolo§the LCA
it is called the product’s functional unit. As thenctional unit
(FU) was chosen the amount of packaging materiahtwe
100 kg of products. A basis for investigation — ke weight
of the packaging bags, with appropriate physicad a

n

Black arrows represent the flow of energy necessary
ensure the processes. Incoming energy, which iswned, is
wansferred to emissions of greenhouse gases. {Dgtidack
arrows show the energy recovered, and thus, pekitiv
influencing the total energy balance. The boxegatdd with
bold line show the processes with positive contidyuto the
total energy balance e.g. recovery of energy couees e.g.
biomass.

Second system represents a new packaging materéal —
polyethylene with oxidizing additives (oxo-PE). Maosften
these additives contain metal ions YFeMn** and Cé&*
compounds), which facilitates degradation of PEpiiasence
of UV-radiation, respective, sunlight [9]. The paging bags
from oxo-PE researched hereto contain followingdizxing
additives:EPI (EPI-TDPA DCP542pndRenatura (Renatura
— Nor-X DPELLD 5410 Bz)According to the information
from producer, the polymer studied hereto conta®%
oxidizing additives, but the exact content and tgpadditives
is not disclosed. According to literature data,sthedditives
can be different, and, for example, the concemmnadif cobalt
in oxidizing additives may exceed 4 mg/kg [10].

Polyethylene (PH) oxidation, is a set of chain tieas in
which polymer macromolecules split forming oxygen

mechanical  characteristics o . move  the produCcontaining fragments with free radical structunecl(ding

(approximately 20 bags which one household usehm tﬁydroperomdes, POOH) (equations 1-4) [10]:

month). To perform the calculations LCA databas®sajnd PH + Q — Pe + HOO» (1)

data from European Commission research projecthfhe

been used. Pe + Q — POO- 2)
Main environmental impacts of the packaging maleria

which is specific with its short period of usagecar during POO« PH— POOH + Pe (3)

production, processing and, especially, during ehthe life

phase. Here in Latvia the recycling of polymers avakte POOH — PQOe + OHe (4

combustion are rarely performed and the vast nigjcof
wasted polymers are disposed off on landfills, whéey can
remain for hundred years. The best known is PE gmink,
which life cycle is shown in Figure 2.

Additives — mostly compounds of valence transitinetals
(M), such as cobalt, promote decomposition of
hydroperoxides, thus accelerating the whole oxidati
destruction of polyethylene (see scheme) (equaedis[10]:

91



Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2010

Volume 21

92

Polyethylene life cycle
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M™ + POOH— M™Y + POs + OH (5)
M™D* + POOH— M™ + POOs + H (6)
POO+« PH— POOH + Pe @)
POOH— POQOs + OHe (8)
Although this packaging material is marketed a
“biodegradable”, the Biodegradable Materials Interest

Community Association (IBAVdpes not recognize these ne
materials as biodegradable and environmentallydiig since
its decomposition products deliver metal ions intoe
environment, and originated small particles of RE aot
further included in the natural nutrient circulatioThus
IBAW views the oxo-polymers as environmentally toxind
with a high likelihood to cause carcinogenic or agénic
reactions in living organisms. The OrganizationEafropean
Bioplastics expresses the same opinion assertiitg reports:
the oxo-polymers products do not only threaten riatural
processes in the environment, but also plasticyclieg
processes [10; 11]. Oxo-PE life cycle is showrhimfigure 3:
Two non-renewable resources are used for produaifon
material: oil and metal ores. Since polyethyleneodgposes
in the environment over many decades, the oxo-addionly
diverts our attention from the waste, making wastere

fragmented and less noticeable, thus excluding =]

reprocessing.

W

The third system studied is packaging material gtegtic
acid) made from renewable agricultural resourcefterA
fulfillment of its function this material has théikty to return
and to integrate into the natural circulation ofriants in the
environment, see Figure 4.

The graph shows that the PLA, unlike as synthetic
polymers, is saving non-renewable resources anerofhe
Qwost extensive waste management options. Compared t
Synthetic polymers, the PLA system emits much E€3.
Generally it is assumed that rate of C@eleased into the
atmosphere during degradation or combustion of hgsmis
equal to the absorption rate of €@uring the growth of
biomass, therefore, such material does not affdobad)
warming. Thus, PLA system forms closed cycle, whibe
decomposition products of the material are abkeiio back to
the environment into natural nutrient cycling, ahds, can be
re-used as organic fertilizer to further productioh raw
materials for lactic acid, such as maize cultivatiBrom these
considerations, we can draw conclusions in favothef PLA
packaging.

Life cycle findings indicate that PE shows the [ioifis/ to
recover the recourses by recycling and incineratixidizing
additives exclude any potential for energy recovdue to
material fragmentation and cracking; while PLA is
characterized by biggest processing capabilitiesd an
covering resources (compost, recycling and imaiien).
ese conclusions agree with other literature figdi[9; 10].
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Fig.4. Life cycle of PLA
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TABLE 1
ENERGY CONSUMPTION ANDGHG EMISSIONS OF PACKAGING MATERIALS
Material Energy Weight, Energy GHG Emissions | GHG Emissions
MJ/kg kg/FU MJ/FU kg CQ, eqv/kg kg CQ, eqv/ FU
PE 76 0,2 15,20 4,80 0,96
oxo-PE 0,2 15,20 4,80 0,94
PE 76 0,196 14,9 4,80 0,94
Fe 68 0,00132 0,09
Mn 52,78 0,00132 0,07
Co 109,1 0,00137 0,14 - -
PLA1 54 0,3 16,20 4,00 1,20
PLA2 40 0,3 12 3 0,90
PLA3 29 0,3 8,7 1,89 0,5Y
PLA4 26 0,3 7,8 1,80 0,54

Further based on the available literature dataethergy
needed and greenhouse gas emissions were recatttdathe
FU. To perform the calculations data from LCA daisds and
from European Commission research were used. lardal
compare the diversity of biopolymer production @sdmpact
on the environment four different PLA productioresarios
were compared: PLA1 — first year production fronrnco
PLA2 — production from whey, PLA3 — bio-refineryl &4 —
long term production. Obtained results allow usémnpare
energy consumption and green house gases (GHGgedrfor
PE, oxo-PE and four different PLA scenarios; datashown
in Table 1.

Figures 5 and 6 presents the calculated energyogton
and GHG emissions:

”|| [ERE

oxo-PE PLAl PLA 2 PLA3 PLA 4

M]/FU

Fig.5. Required energy consumption for the manufacturepatkaging
material (FU)

08
0.4

0.0

kg COz eqv/FU

il

oxo-PE PLA1 PLA2 PLA3 PLA4

Fig.6. GHG emissions from the packaging material manufagyFU)

evaluate impacts of additives a more in-depth L&Autd be
performed.

Oxo-PE packaging puts additional load on the emvrent
as metallic ions pollute the soil and poses a tht@dauman
health: the central nervous system and respiradgrders,
internal organ damage, etc. Manganese can affechiman
nervous system, invoking dizziness and coordinatiisorder.
In case of high exposure e.g. at production facititanganese
can cause allergies, Parkinson's disease, impgtandeeven
paralysis [12]. Cobalt is an essential elementifef but at
higher doses it can lead to mutagenic or carciniogeffiects
like nickel. Frequently observed reaction to coleajposure is
dermatitis. In high doses cobalt is very toxic ar@h cause
death. Cobalt in the body can enter together wibdf
through respiratory system, or through skin [13].

The inference is that the manufacturer is providing
incomplete information on the packaging materiald an
deceives the consumers concealing that packagiterialanot
only threatens the environment and human health,also
limits the polymer recycling processes.

In Latvian Republic the Law on Natural Resourcex Ta
regulates the use of natural resouraé¥ing at:

e promotion of economically efficient and environmedhyt
sound use of the natural resources,
reduction of environmental pollution,
promotion of new, environmentally friendly techngies,
supporting sustainable development of national econ
financial support to environmental protection measu
[14].

In 39 November 2009 a new regulation of Cabinet of
Ministers Nr.1281 were accepted related to labetihglastic
packaging and disposable dishes from biopolymeds ay-
polymers [15]. With the entering into force of thes
regulations, The Law of Natural Resources Tax (Anig
provides a lower tax rate for degradable materizsnpared
to the commonly used polymers. Thus, new rules pterthe
economic sectors and industry, dealing with oxospars

From the Table 1 it follows that the energy consdmedespite of currently ambiguous information abou¢ tteal

correlates with GHG emissions, except to the mietas. To
properly compare oxo-PE with other packaging materand
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Life Cycle Assessment to Nature Works PolylactiBeA) Production.
Results of the study indicate that the greatestatieg Polymer Degradation and Stabilitg003 80, 403-419.

burden on enVIronment |S glven by oxo-PE Slnce_ox& F. Nils. EntW|Ck|Ung eines OkOlOgISChen BeWertUnng”S zur
’ Beurteilung Elektronischer Systeme Vorgelegt vompl@n-Ingenieur

additives promote _fragmentatlon of PE and_ expltﬁi}ycrlmg. Nissen, Berlin, 2001.
Another negative impact of oxo-PE material is fotima of 9. M.M.Reddy, R.K.Gupta, S.N.Bhattacharya, R.Parttethgr Abiotic
metal ions — one of degradation product of oxo-PE — Studies of Oxo-Biodegradable Polyethylerfeolymer Environment,

contaminating soil and threatening human health A PL__ 200816 27-34.

. - . . . . 10. N.B.Vogt, E.A.Kleppe. Oxo-biodegradable Polyolefiisow Continued
packagmg material most I|kely complles with crigerfor and Increased Thermal Oxidative Degradation aftgroBure to Light.

sustainable products considering energy use anenioeise Polymer Degradation and Stabilitg009 94, 659-663.
gas emissions. The current study allows draw somg. European Bioplastics. Bioplastics. Frequently Askestions (FAQS).
recommendations for producers and recyclers opto&aging Berlin, 2008. 14pp.

d d leqislat foll . http://www.truegreen.ae/ScientificArchives/File/Blastics%20FAQ.pdf
producers, frm egl_s ators as Tollows: 12. J.A.Roth. Homeostatic and Toxic Mechanisms Regujaianganese
1) When introducing new products on the marketdpeers Uptake, Retention, and EliminatioBiol. Res. 2008 39, 45-57.
may not rely only on the information provided by13. S.M.Bradbury, S.T.Beer J.AVale. Cobalt. UK NatibnRoisons
manufacturers of material, but obtain also infoioratfrom 14 Il_r:\?vm;itl?\lr;i?;\lncRee’szoou?zes Tax of Latvian Republidablias resursu
. . . 0
the latest scientific researches; nodoKa likums" (Latvijas \Estnesis, 209 (3367), 29.12.2005.) [&

2) Reconsider the development priorities and ohjest ar 01.01.2006.], (in Latvian)
regarding marketing of oxo-PE packaging productsyasy 15. Regulation of Cabinet of Ministers Nr. 1281, 3rdvidmber 2009, Riga,

3) During preparation and introduction of new laasd

regulations collaborate with research institutiemsl follow Zane Grigale,Msc.ing., researcher , g
the life cycle approach considering all effects paftential Institute of Polymer Materials, Riga Technical Ustsity
y Pp g Address: Azenes street 14/24, Riga LV-1048, Latvia

improvements. Phone: 371 28323467
Although only qualitative LCA was performed, theE-mail:zane.grigale@gmail.com
preliminary findings indicate that biopolymers arko- Jana Simanovska Msc.env.. researcher
polymers 6_1'30 have considerable impact on the_enment’ Institute of Energy Systems‘ and Environment, Rigahhical University
and there is a need to more accurate study befing them address: Kronvalda blvd. 1, Riga LV-1010, Latvia

as environmentally sound alternatives to other peks. Phone: 371 29296999; Fax: 371 67089908
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Zane Grigale, Jana Simanovska, MrtinS KalnipS, Anda Dzene, Velta Tupureina. BiosadaloSs iepakojps no aprites cikla
perspekiivas.

Petiti tris daidi iepakojuma matedii: plaSi pazstamais biopolirers — polilakids (PLA), sinttisks nemodifiéts zema hvuma polietiEns
(PE) un jauns iepakojuma matdsi — polietiens, kas satur efekias piedevas poligna oksid¢Saras stimutSanai gaisa sbeka vice
ekspluaicijas apstklos (oxo-PE). Visiem nosauktajiem maiéam tika veikta aprites cikla anaé (ACA) saskaa ar ISO (Internacioiia
standartizcijas organizcija) ieteikumiem un pralsam. Detali£ti tika analizti divi svafigakie aprites ciklu ietek@joSie faktori — matedia
sinezei un f@rstradei paéreta enegija un izdaitas siltumncas efekta &zes daudzums pirmajam un otrajam aprites cikla pasifmateidlu
iegiSanai un prstradei). Aprites cikla izerteSanai tika izmantotas ACA un Eiropas Komisijas datzes. Apkopojot rezudtus, noteikts, ka
vislielako negaivo ietekmi uz vidi rada polietihs ar piedeam, kas patrina polietiena oksi&Saras procesu, galvenak veicinot perokilu
(polietilena oksi@Saris procesa starpproduktu) sadahos. Poligra oksid¢Sanos patrino&s piedevas veicina PE fragmagiju, kas izstdz
ta atkartotu parstradi. Paraéli — meglu (Fe, Mn, Co) joni, kas ir viens no oxo-PE saéatis gala produktiem, tiski piesirpo vidi un rada
nopietnus draudus citka veseabai. Veicot iepakojuma matéhi anaizi un saidzinaSanu vadoties no aprites cikla perspedg, k aim nosakot
enegijas patrinu un siltumfcas efekta gzu emisijas datus atsekis iepakojuma matetiu ieguves un frstrades posm, konstakts, ka no
visiem [Etitajiem matedliem PLA iepakojuma mateils uziada ilgtsggjigai atistibai visatbilstogkos aditajus.
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3ane I'purasne, SIna CumanoBcka, Maprteinbimn Kauanbiabm, Amnjaa [I3eHe, Beara Tynypeiina. buopa3dnaraemasi ynakoBka ¢
NepPCNeKTUBBI HUKJIA P00 KHTETbHOCTH
HccnenoBanuch TpU pa3iHYHbIC YIAKOBOYHBIC MaTepuaja. IIHPOKO H3BECTHBIH Onomonmmep — momwitaktun (PLA), cunTeTnueckuit
HEMOAU(DULIMPOBAHHBIA MONMATHWICH HU3KOW IoTHOCTH (PE) M HOBBI YNakOBOYHBIM Marepuan — MHOJMATHICH HU3KOIl IUIOTHOCTH,
coziepkaluii 100aBKH, CTHMYJIHPYIOIIMEC OKHCICHHE MOJIMMEpa KHCIOPOIOM BO3IyXa B YCIOBHSX okciutyarauuu (0X0-PE). s Bcex
Ha3BaHHBIX MaTEpPHANIOB OBbUI MPOBEACH aHANN3 PE3yJbTaTOB LHUKIA HpoaonkuTenbHOCTH (AIII) B COOTBETCTBHH C PEKOMEHIALMAMU H
TpeboBanusamu 1SO  (AHTepHAUMOHABHAS OpraHW3alUs CTaHAapTH3auuM). 1[ogpOOHO NpOaHAIM3UPOBAHBI J(Ba BaKHEHIINX (akropa,
OKAa3bIBAIONIUX BIMSHHME HA IHKI MPOJOKUTEIBHOCTU: SHEPrHs 3aTpadrMBacMas Ha MOIydeHHE M TepepaboTKy MaTepuaia U KOJIUYECTBO
BBIICIIIOIINKCS apPHUKOBBIX Ta30B Ha IIEPBOM M BTOPOM OJtTame (MOMydyeHHe U mepepaboTka Matepuana). o aHamm3a LHUKIa
MIPOAOJDKUTENBHOCTH HcTonb30Banuch 0a3bl qanHbIX AT u EBponeiickoit Komuccun. O6o0menne pe3ynbTaToB MOKa3ano, 4To HaubosbIee
OTPHUIATENBHOE BIHMAHHE HAa OKPYKAIOLIYI0 CPeAy OKa3bIBaeT MOJMATHIEH C J00aBKaMH, YCKOPSIOLUIMMH OKHCIEHHE MONMMEpa, TNIaBHBIM
00pa3oM CIOCOOCTBYS Da3I0KEHHIO THAPOIEPEeKHcell (IPOMEKYTOYHBIX NPOAYKTOB Ipolecca OKHCIeHWs). J[00aBKH, YCKOPSIOLIHE
OKHCJICHHE, NPHUBOAAT K (parMeHTaluuu mojumepa (KyCKOBOMY pa3JIOKCHUIO), TEM CaMbIM HCKIIOYas BO3MOXKHOCTb JajbHeiiieil ero
BTOpHYHOH mepepaboTku. IlapamiensHo — woHel MerauioB (Fe, Mn, CO0),o0mHH M3 TPOXYKTOB paslioXeHHs OXO-PE, 3arpssHsor
OKpY’KAIOLIYI0 Cpelly U CEpbE3HO YrpOKalT 3J0POBBIO JIOJCH. AHAIU3 U CPABHEHHUE UCCIICAOBAHHBIX YHNAKOBOUHBIX MAaTEpUANIOB C TOUYKH
3peHMs1 MEPCIEKTUBBI LUKIIA IPOJOKUTEIBHOCTH, a TAKKE CPaBHEHUE PE3ybTAaTOB IO 3aTPA4E€HHON SHEPIHU U BBIACICHUIO IAPHUKOBBIX
ra30B, ONpPEACICHHBIX Ha JTalax MOIyYeHUs! U MepepaboTKM MaTepHana, MoKas3ald, YTO HAWIydIlHde XapaKTepPUCTUKH, HEoOXOAUMBIE IS
JIONTOCPOYHOTO PA3BUTHS YNIAaKOBOYHBIX MaTepuanos, umeer IJIA.
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