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ABSTRACT

Background

Packaging has been blamed for being one of theehkigknvironmental impacts in food
productions. Although it cannot be denied that pagels, with special regards for materials
production, processing and disposal, carry somadatnmther aspects should be considered for
an objective assessment of packaging environmeoiaal

Scope and Approach

The paper, through a survey of specific literat@aig)s to estimate the actual relative impact of
packaging with respect to the overall food prod@rigironmental load, to present an overview
on the ongoing efforts spent for making packagimayersustainable and the packaging-product
system more efficient and to highlight the novekigiee consideration that food packaging
should receive. Special focus has been addressdtietaecent contributions which have
correlated food waste reduction, achieved througbkaging innovations, with an overall
environmental improvement.

Key Findings and Conclusions

Considerations based on the packaging relativer@mwviental impact and on the potential of
suitable innovations to reduce food wastes, lead bwoader concept of sustainable packaging
and should drive future strategies for sustainigbiinprovement. Packaging reduction and a
shift to alternative materials and/or technologs®uld be especially addressed for products
characterized by a high packaging relative impeaiceversa, when packaging represents a low
burden compared to other life cycle phases, theativenvironmental performance will be
improved with measures aimed at reducing food wagtéh, in turn, could imply an affordable

increase in the packaging impact.

Keywords: environmental impact, food waste, materials redwctishelf life, sustainable

packaging.
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1. Introduction. Food packaging advances towards stainability

Food packaging has done enormous progress in Hted&crades, driven by the increasing
demand for high-quality, safe food and by the grgMconcern towards environmental issues.
The role of food packaging in the overall sustailitgtof food productions is controversial: the
popular belief that packaging is responsible foghhienvironmental impacts collides with
scientific evidence of packaging benefits in tewh$ood waste reduction potential. Overall, the
positive environmental role of food packaging idlvestablished for the insiders, while it should
be clarified to the public opinion, whose positisemains somehow hostile. Packaging
reputation by consumers can be inferred from ayshydby Tanner & Kast (2003) who report
that an environment-friendly food product is, idgal“domestically produced rather than
imported from abroad; furthermore, it is organicaljrown, seasonal, fresh (rather than frozen),
and unwrapped Indeed, it is unquestionable that packages aspansible for some
environmental impact associated with their lifelegqdHuang & Ma, 2004; Ingrao et al., 2015a),
and especially with the production of raw materigl®cessing and end-of-life phase, including
recycling, incineration and landfill disposal. Retstudies on the life cycle impact of various
packaging materials have increased awareness atel awailable useful information which can
represent the basis for environmentally-responsdfleices (Siracusa, Ingrao, Lo Giudice,
Mbohwa, & Dalla Rosa, 2014; Speck, Selke, AurasFi€&simmons, 2015). According to
Peelman et al. (2013), sustainability of food paokg can be achieved at three levels; 1) at the
raw materials level: the use of recycled matergald of renewable resources are two strategies
for reducing CQ@ emission and the recourse to fossil resourcesat Zhe production level,
through more energy-efficient processes; 3) atwhste management level, considering reuse,
recycling and biodegradation. On one hand, mucbrteffas been dedicated to decreasing the
packaging impacts, by the development of novel désebl materials and through the optimization
of packaging use and the improvement of materi@tfopnances which, in turn, allows the shift
to lighter and thinner packages. On the other hpadkaging innovations have been developed,
with the aim of increasing the packaged produclitpi@xtending the shelf life and ultimately

reducing the possibility of food to turn into waste

1.1 A wider concept of environmentally-sustaingi@ekaging
Plastics are the most widely used materials fok@giog purposes, due to several advantages
such as low cost and light weight, high versatilitgxibility, transparency, heat sealability, good

mechanical and barrier performances. The high coptian of packaging is accompanied by a



68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

huge waste generation: according to data from EWeB&red to 2013, 156.9 kg of packaging
waste was generated per inhabitant (Eurostat)fipleepresenting 19% of the total consumed
plastic.

The end of life of plastics, especially, raisesigmmental concern, as these materials are not
biodegradable and they are difficult to recycler(&otino, Gorrasi, & Vittoria, 2007). Michaud,
Laura Farrant, & Jan, (2010) proved that mechanieaycling is the most environmentally
favourable option for waste treatment of plastioBpwed by incineration and landfill. However,
recycling is not always viable for food packagesa&isa, Rocculi, Romani, & Dalla Rosa
(2008) observed that recycling of food packagingtemals is often impracticable or non-
convenient since they are contaminated by fooddues, suggesting that biopolymers can be
considered a solution to waste-disposal problens®cieted with synthetic plastics. As an
example, traditional expanded PS trays commonly dige meat packaging cannot be recycled
due to the meat exudates absorbed in the cellttactsre, while an effective solution is
represented by expanded polylactic acid (PLA) traysch could be disposed (and composted)
along with the organic fraction (Ingrao et al., 8B Apart from the environmental problems
caused by plastic packaging waste treatment, céiovieth materials contribute to the depletion
of fossil resources.

Biopolymers, produced from renewable materials.ehandertaken the challenge to replace, at
least for some applications, the traditional sytith@olymers. According to the European
Bioplastics organization, bioplastics are plastiesed on renewable resources (biobased) or
plastics which are biodegradable and/or compostaHience, not all biopolymers biodegrade:
this is the case of polyethylene (“green-PE”) olypthylene terephtalate (“bio-PET”) obtained
from renewable resources, which are chemicallytidahto the conventional polymers. On the
other hand, a wide range of biodegradable biopolgnere available, which have found
application in food packaging: PLA, starch, polylgxyalkanoates (PHA), cellulose, zein,
chitosan, soy protein isolate, whey protein isqlgtaten etc. Peelman et al. (2013) published an
exhaustive review of biopolymers for food packaginffering detailed information on their
process, characteristics and applications. In eease, whether biodegradable or simply bio-
based, biopolymers carry environmental advantagéber in terms of safeguard of non-
renewable resources or reduction of impact in tastevdisposal stage, or both.

Another important issue in sustainable packaginghaerials reduction which, unexpectedly,
still represents a viable path towards the improxamof sustainability. The concept of
“overpackaging” is not new, however, the fight axghioverpackaging still offers good potential

for sustainability improvement. The reason for ttesides probably in the scarce knowledge on
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packaging by decision makers of food companies,iamdcalcitrance to changes. In particular,
and this is especially the case of small and mediimed companies, packaging is not regarded
as a major issue and packaging systems are notsideoed and updated in the light of advances
in materials development. The fact that packagiaganly has an environmental impact, but
directly affects the budget of the company, leauls @ give packaging optimization for granted:
this is not always true. For sectors such as therbge industry, where packaging represents the
highest environmental impact (and a significant ¢osproducers), packaging reduction and, in
particular, the minimization of the PET parison g¥gj covers strategic importance: any change
in the packaging material and/or design, howevéQukl not affect the CO retention
performance, which is the key parameter determitinggshelf life of the product (Coriolani,
Rizzo, Licciardello, & Muratore, 2006; Licciarde]l€oriolani, & Muratore, 2011; Licciardello
et al., 2016). The continuous developments in nasescience allow to offer the companies
packaging materials with improved performances aediiced weight, with a net positive
economic and environmental balance. Packaging tiedudience, remains a potential strategy
for overall impact reduction, provided it does rdfiect the product shelf life standards. Two
recent comparative shelf life studies on industbatad have highlighted the potential to
significantly reduce packaging weight (by about 2@¥sliced durum wheat bread characterized
by a long shelf life, without affecting the shalel standards (Licciardello, Cipri, & Muratore,
2014; Licciardello et al., 2017). A change in tteekaging system, from thermoformed to flow-
pack, allowed a further reduction of packaging blso reduced the commercial life of the
product, which could still fulfil the shelf life qeirements for the short-range distribution. These
case-studies highlight that the spotlight on patigag@ptimization should be kept turned on,
despite the simplicity of the problem which, howew#oes not assure that the problem itself is
being addressed; moreover, these examples emphlsiraportance of shelf life assessment in
packaging reduction and the need for a close-kmiialooration between producers and food
packaging scientists in order to synergically adslifeod packaging sustainability.

Among packaging innovations offering the possipilior reducing materials thickness, are
nanotechnologies: even if they have not yet reashiddspread application in food packaging
due to some toxicological concern, nanotechnologifs a great potential for the improvement
of key features of packaging, especially barriedt arechanical properties (Wyser et al., 2016).
The application of nanotechnologies to packagindymers is generally performed by
nanocoatings applied on the polymer surface or ibgedsion of nano-objects or nanophases
within a polymer matrix. These approaches are aiatezhhancing gas and water vapour batrrier,

mechanical and/or other functional properties @& packaging materials. Actually, nanoclay-
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polymer and biopolymer composites (Kuorwel, Crambell, Buddhadasa, & Bigger, 2015;
Lavorgna et al., 2014; Aloui et al., 2016) and tpape (Loryuenyong, Saewong, Aranchaiya, &
Buasri, 2015; Barletta, Puopolo, Tagliaferri, & ¢es 2016) offer a high potential for the

development of packaging materials with improvedgyenance and reduced thickness.

2. Packaging relative environmental impact

Not only the common belief has neglected packagogtive role in the safeguard of products
and food loss reduction, but it has generally ostameated its environmental impact, which, in
fact, is often minimal compared to overall produotpact (Hanssen, 1998).

Various studies have assessed the life cycle amviemtal impact of different food products,
part of which have highlighted the contribution mdckaging to overall environmental load,
which will be hereafter referred to agdckaging relative environmental impact” (PREI). A
literature survey brings out variable figures: fiostance, while some studies have pointed out
that packaging impact represents 1-10% of ovenaitién (Silvenius et al., 2014), others have
stated that it is among the most relevant impacthe food chains (Manfredi and Vignali, 2015).
In fact, PREI is tightly dependant on the food irtpéut also on the packaging solution adopted
for that product. The environmental contributionpafckaging for meat and dairy products is
usually low, as a result of the high environmentapact in the primary production and
processing stages: this is the case of milk, wiers@ronmental load in the agricultural phase
masks other impacts from the whole life cycle (Mssse Pasqualino, & Castells, 2012), thus
representing a special case among beverages (®eg @i the other hand, PREI is usually
higher for those products containing high amourfite/ater and/or whose ingredients originate
from lower-carbon footprint primary stages, suchvagetables and beverages (dairy excluded)
(Ardente, Beccali, Cellura, & Marvuglia, 2006; Ami®, Gujba, Stichnothe, & Azapagic, 2013;
Manfredi & Vignali, 2015; Cimini & Moresi, 2016).

However, products packed in glass or tinplate dgwdlow high PREI, irrespective of the food
category. A survey of publications reporting enmireental data of food products and their
packaging is shown ifable 1 It has to be noted that sources which groupedhtipeacts arising
from packaging materials and operations into subsys including other phases (such as
transport, distribution etc) have not been consddrerewith. In this review, Global Warming
Potential (GWP) data have been considered for comtipa purposes, since this environmental
category is the most widely used in scientific pap@he considered studies usually adopted a

cradle-to-gate approach, however, for those stupggformed on a cradle-to-grave basis, the
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phases of distribution, retail and consumption westtaken into account in the calculation of
PREI. ThereforeTable 1reports the PREI, expressed as %GWP, for variood products.

As anticipated above, beverages, including carleohatoft drinks, wine and beer, are
characterized by high PREI. In particular, for caréted soft drinks, relative GWP ranges from
49 to 59% in the case of PET bottles, and can begisas 75 and 79% for products bottled in
glass and aluminum cans, respectively (Amienyol.et2813). PREI for beer ranges from 48-
54% for large and small-sized glass bottles, to 5&&luminum cans (Cimini & Moresi, 2016)
but other studies have attributed to beer packagipacts as high as 78% (Koroneos, Roumbas,
Gabari, Papagiannidou, & Moussiopoulos, 2005) aregally “very high” (De Marco, Miranda,
Riemma, & lannone, 2016). Similarly, the case ofevshows medium to high PREI, ranging
between 34 (Gazulla, Raugei, Fullana-i-Palmer, 2@H@ 56% (Bonamente et al., 2016; Fusi,
Guidetti, & Benedetto, 2014), and has been caledlab be as high as 82% of total GWP,
according to Vazquez-Rowe, Rugani, & Benetto (2013)

Canned products, despite the high environmentaaainpf the food itself (in the case of fish or
meat), are always characterized by very high PRigse products often associate a high life
cycle impact of the product with a high burden tlu@ackaging. On the other hand, meat, dairy
products (cheese, butter) and coffee, which arehatacterized by high impacts especially due
to the farming or processing phase, usually show do very low PREI. An interesting study
(Del Borghi, Gallo, Strazza, & Del Borghi, 2014)rfmemed on tomato industrial products has
recently compared various packaging solutions, smpwigh PREI values (36.3-46.8%) for
products packed in glass bottles and even highlelesg46.1-55.0%) for those packed in tin-
plated steel cans; on the other hand, carton-besethiners allow a dramatic reduction of the
package impact, which amounts to just 9.7-12.1%fwh products. Indeed, the authors propose
the reduction of package weight and the switch ifeer@nt packaging materials as viable
improvement options. Similar conclusions were drdwyrribarren, Hospido, Moreira, & Feijoo
(2010) who studied the carbon footprint of mussetg] found that the contribution of tinplate
can packaging was as high as 88%.

These data suggest that food products can be cetegianto high, average and low-PREI
products(Figure 1): such simplification is proposed with the soleaf focusing the reader’s
attention on the low relative importance of packggas environmental burden, in some cases,
and on the need for strategies for packaging op#étian, reduction and/or innovation in other
cases. For instance, products packed in glassjairs tinplate cans are characterized by very
high PREI, irrespective of the food nature. In theases, the reduction of the packaging weight,

obtained either by reducing the glass/steel thiskr@ by changing the package geometry, and
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the shift to alternative materials, such as pldstiagetort packaging, could be effective strategie
for the improvement of environmental performan&siilarly, the challenge for the soft drink

industry, which suffers high PREI, is to maximize tCQ barrier performances of the bottle

while minimizing the PET preform weight (Coriolagt al., 2006; Licciardello et al., 2016). On

the other hand, the sustainability improvementpgmducts characterized by low PREI, has to
take into consideration measures able to mininfizeppssibility that food turn into a waste.

3. Accounting for food loss in packaging sustainalify assessment. some wastes are worse
than others!

Food requires large amounts of energy and resowcgscauses some environmental impact,
whether it is consumed or not. Wasted food, hecagses unnecessary environmental impact, in
addition to carrying ethical concern (FAO, 2013).

A modern and in-depth vision of food packaging mmizies its evil role, which is often trivially
(and unfairly) correlated with the use and dispadgllastics and materials from non-renewable
resources. For many years, the attention of théiqgpapinion and of the legislators has focused
on the negative environmental impact of packagidigregarding its important role in the
safeguard of products, hence its potential for fowastes reduction (Svanes et al., 2010;
Wikstrom & Williams, 2010; Williams, Wikstrom, Oftiering, Lofgren, & Gustafsson, 2012).
Unfortunately, this approach has not exhaustedmitsleading course, and consumers often
believe that packaging reduction is the most disrad effective way towards environmental
impacts reduction in the food sector. The new cphpeomotes packaging potential to lower the
environmental impact of productions by prolongihglélife and reducing food wastes along the
distribution chain and at the household level. edjewastes reduction across the entire food
chain must be addressed in the perspective of lgboistainable development.

Avoidable food losses over the whole food valuerciva Europe have been estimated to range
around 280 kg per capita per year (Gustavsson, rBexdg Sonesson, & van Otterdijk, 2011),
45% of which are generated at the household |B®&ilefta, Stoessel, Baier, & Hellweg, 2013).
It has been reported that most of the losses doguat the processing level are unavoidable,
while those occurring in households are mainly dabie (Beretta et al., 2013). Also, losses
occurring at the process level are usually lessveglt from an environmental point of view,
since they are often fed to livestock; in contrésdses occurring at home and in restaurants do
not find an alternative use and are usually entitest (Beretta et al., 2013). Interestingly,
Williams et al. (2012) found that 20-25% of houdeh@od wastes are packaging-related,
highlighting the need for improving packaging sysseand investing on packaging research and



237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

264
265
266
267
268
269
270
271

innovation transfer. A survey (Monier et al., 20T@)ried out on EU27 reported that the annual
losses across the food value chain, except agrralilproduction stage, range from about 50 kg
to more than 500 kg per capita, as a function ef dbuntry, with an average of 180 kg per
capita: also this study confirmed that the majartgbution is represented by household wastes
(42%). Similarly, Kranert et al. (2012) estimatethaal food losses in Germany as 100-180 kg
per capita, excluding the phases of agriculturatipction. Data collected since 1974 demostrate
that food waste has increased by 50% and has adssowh proportions that it has to be
regarded as a global problem (Caronna, 2011).

The time has come for food losses to be analyzetenms of environmental burden: this
objective can been successfully addressed by tfee@ycle Assessment (LCA) methodology
(Beretta et al., 2013). Such determinations wolgd allow the estimation of the environmental
benefits of reducing food waste atieicide whether investing resources for reducingathste of

a specific product is environmentally reasonableleed, it has been theorized (Shiina, 1998;
cited by Roy et al.,, 2009) that the reduction obdolosses determines the decrease of
environmental impact until a certain point, belowieh a further reduction of losses would
imply a sharp increase of impact, due to the exeesseasures necessary for thaig(re 2).
More recently, it has been established that theatsmh of food losses generally determines an
improvement of the overall sustainability of theogucts value chain. Various studies have
suggested that packaging that reduce food wasténganove environmental sustainability even
if the new solution itself carries a higher impd@ilkstrom & Williams, 2010; Williams &
Wilkstrom, 2011; Silvenius et al., 2014, Verghekewis, Lockrey, & Williams, 2015). An
increase in packaging impact would be environmbntaéasonable only when this is
counterbalanced by an impact reduction due to dhelfextension and/or improved product
protection along the chain.

Given the above, it is crucial to understand inclihtases it is “environmentally reasonable” to
further increase the packaging impact for achiewdrsielf life extension or, vice versa, when it
IS more appropriate to address packaging redudiiomtegies for an overall sustainability

improvement.

3.1. Packaging innovation for shelf life extensam food waste reduction.

Packaging represents the ultimate defense of foodugts: its role of protection has evolved
into an active function with the development ofdtional packaging materials, which has been
regulated by European legislation. In particulaeg&ation 450/2009 (EU, 2009) defines active
materials asrhaterials and articles that are intended to exténe shelf-life or to maintain or

improve the condition of packaged food; they aresigleed to deliberately incorporate



272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

components that would release or absorb substamtesor from the packaged food or the
environment surrounding the fdbdActive packaging can be classified into emittensd
scavengers: the first class, in turn, comprisegmaerobial and antioxidant packaging, while
scavengers (or absorbers) usually include oxygarnon dioxide and ethylene absorbers (Lee,
Yam, & Piergiovanni, 2008). Far from presuming toalgze the scientific panorama on
functional packaging, which has been thoroughlyewsed by many comprehensive articles (De
Azeredo, 2013; GoOmez-Estaca, Lopez-de-Dicastillerndndez-Muioz, Catala, & Gavara,
2014; Lee, 2016; Fang, Zhao, Warner, & Johnson7RQhis paragraph aims at highlighting the
potential of active packaging at extending foodfdife and reducing food wastes.

The concept of functional packaging representdakefrontier of food packaging: literature is
crawling with publications on the development ohamative functional materials based on
conventional or novel matrices including antioxidamd/or antimicrobial compounds, with
special regards for substances of natural origiotloer systems aimed at scavenging gases from
the package headspad¢egure 3 shows the trend in the last 10 years of total ipabbns on
active food packaging, on active antimicrobial amdtioxidant food packaging and
scavengers/absorbers.

Packaging is also the ultimate defence of food peeds against insect insect pests: almost every
packaging material can be perforated by insectsy wenetration time depending on the insect
species and life stage, on the type of productainetl and on the material nature and thickness
(RiudavetsSalas, & Pons2007; LicciardelloCocuzza, Russo, & Murator2010; Stejskal et al.,
2017). Insect-resistant packaging, hence, coultesgmt an important strategy for reducing wastage
of packaged products, such as cereals, pasta,ldgathes and fruits, which are especially thretened
by pests. Few works have addressed this cutting-eatga: Licciardello et al. (Licciardello,
Muratore, Suma, Russo, & Neri20Q13) proved the effectiveness of polyolefinic lmoated with
different concentrations of citronella, oregano asekmary essential oils agaifistcastaneumwith
observed repellency levels up to 87% for citroneder authors (KimSong, Han, Park, & Min,
2014,Kim, Park, Na, & Han2016; Jo et al., 2015) developed insect-resigiankaging films by
incorporation of cinnamon essential oil as a remllagainstPlodia interpunctellainto plastic
matrices, using controlled release systems to glown the active components release. Repellent or
insect-proof packaging relying on the release dfvaccomponents has been included in the wider
category of active packaging (Navariagv, Sam, & Finkelman2007), however, this classification
does not seem appropriate, in the light of EuropRegulations concerning “active and intelligent
packaging” (EU, 2009). In fact, repellent packagiagiot designed to release substances into the
packaged food, but to the outer environment, ardptissible interaction of such components with

the packaged food is not intentional and, actualihgesirable.
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Together with functional packaging, packaging iretowns in general have the potential to
increase food shelf life and reduce the possibdftfood to turn into a waste. To date, only a few
papers among those addressing packaging innovdtewes considered food losses/wastes, and
in particular, three recent papers have taken faadte into account for the environmental
assessment of food product systems. Manfredi évanfredi, Fantin, Vignali, & Gavara, 2015)
studied the potential of antimicrobial packaginglagd to fresh milk preservation, in the light of
food waste reduction. The authors performed anrenmiental assessment on the system using
the Life Cycle Assessment (LCA) methodology, takintgp account the food waste reduction
potential of the applied technology: results denrasd that, despite a slight increase in the
package life cycle impact, overall environmentahdfés could be achieved thanks to the
reduction of milk waste, thus strengthening the antgince of including food waste among the
variables considered in a LCA study of food packggsystems. Zhang et al. (Zhang, Hortal,
Dobon, Bermudez, & Lara-Lledo, 2015) assessed theg@mental sustainability of new active
packaging systems for fresh beef, based on fouradgnpgategories: global warming, non-
renewable fossil energy consumption, acidificaiaential and eutrophication potential; these
authors used a novel approach which took into atcthe food loss reduction potential of the
proposed strategy. Analyzing the various scenati@sauthors identified specific levels of food
loss saving which could offset the additional intgagenerated by the use of active packaging,
thus justifying the adoption of the innovative syss; specifically, 0.1% (for the latter two
categories) and 0.6% (for the former two categdniepresented the breakeven points. In this
context, the recent study of (Gutierrez, MeledduPiga, 2017) focused on the environmental
and economic effects of an extension in the shigfdf a traditional bakery product. These
authors pointed out that prolonging the shelf fifem 7 to 28 days, thanks to a suitable
packaging system based on modified atmospherelsrdative packaging materials, leads to an
improvement of environmental sustainability, basedseveral impact categories, as a result of
the food loss reduction and of improved distribatiefficiency. An economic sustainability
assessment performed by the authors also provedatisaelf life extension would allow to
minimize transport costs, generating economiescafesand downsizing the minimal scale of

production, which is especially beneficial for shampanies.

4. Future trends and conclusion
Packaging is generally considered by consumersoagewhat superfluous and, at worst, a
serious waste of resources and an environmentaheeethis is caused by the misconsideration

or unawareness of its many important functions @ision, 2013). While continuing to address
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innovation, packaging scientists should rehabditéite packaging image to public opinion, by
highlighing its positive effects and enormous pt&nSustainable packaging, hence, should be
both efficient, aiming at minimizing materials, egy and resources depletiamd effective, i.e.

it should maximize its positive role of protectidowards food. Overall, the “packaging”
environmental issue should not be generalized,tanduld be more appropriate to focus on the
“packaging-product system” instead on packagingh@ldevelopments in active packaging
significantly contribute to widening the availableols for shelf life extension. However,
strategies for quality maintenance after packagmimg (secondary shelf life) have not received
the same attention and could be further developath promising potential for food wastes
reduction at the household level. The estimationfaufd waste reduction associated with
packaging scenarios and its contributiion to sostaiity represents the actual challenge of the
whole issue, due to the complexity characterizimg fiood supply chains. The optimization of
packaging systems, aimed at reducing packagesngmsskand weight, also shows wide margins
for improvement especially for small and mediunmediZzood companies. This would require
more collaboration between companies decision-nsalked food packaging researchers, in
order to ensure that the change of packaging systees not affect the product shelf life
standards. Most studies on packaging sustainahititae correlated the eco-profiles to materials
production, transport and disposal; however, foabte reduction potential associated with
packaging technologies should always be includedhé environmental assessment of food
packaging systems: this novel approach is incrghsibeing applied and will significantly
contribute in the discussion on food products snahality. If food losses are included in the
environmental assessments, then an increase, thtédnera reduction, of the packaging impact
could often result in a decrease of the overallaotf productions.

A wise approach to the reduction of food wastesuh packaging technologies should consider
the impact associated with different product catego since some foods (e.g., meat and dairy
products) carry much higher impact than others.,(eggetables and cereals), it follows that,
from an environmental perspectivespme wastes are worse than others. Moreover,
consideration of packaging relative impacts is i@uior implementing suitable strategies aimed
at improving food products sustainability. In gealgFigure 1), packaging materials reduction
and the choice of alternative materials and/or @agkg techniques should be attempted in the
cases of high-PREI products, provided shelf lisndards are maintained; on the other hand,
when packaging represents a low relative burdewnjrenmental improvement should rely on
process optimisation, shelf life extension and asaséduction which, in turn, could require an

(affordable) increase of the packaging impact
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Table 1. Packaging relative environmental impact (PREIca&sulated from the reported literature contribn$,

for various food products.

Packaged product

PREI (GWP%)

Reference

Beef 6.5 Williams & Wilkstrém, 2011
1.2 Zhang et al., 2015
78.0 Koroneos et al., 2005
very high De Marco et al., 2016
Beer aluminum can 33cl 58.0 Cimini & Moresi, 2016
glass bottle 33cl 54.00 Cimini & Moresi, 2016
glass bottle 66¢l 48.00 Cimini & Moresi, 2016
Bread 9.9 Williams & Wilkstrom, 2011
Breakfast cereals 15.2 Jeswani et al., 2015
<3.5 Bisser & Jungbluth, 2009
Butter -
very low Nilsson et al., 2010
Canned sardines 71.1 Almeida et al., 2015
60.0 Hospido et al., 2006
Canned tuna 58.0 Avadi et al., 2015
30.0 Mungkung et al., 2012
aluminum can 0.33 L 79.0 Amienyo et al., 2013
Carbonated softglass 0.75 L 75.0 Amienyo et al., 2013
drinks PET05L 59.0 Amienyo et al., 2013
PET 2L 49.0 Amienyo et al., 2013
Cheese 1.7 Williams & Wilkstrém, 2011
Cheese (Cheddar) 1.1 Kim et al., 2013
Cheese (Mozzarella) 1.8 Kim et al., 2013
Coffee <3 Busser & Jungbluth, 2009
Coffee (instant) 10-15 Bisser & Jungbluth, 2009
Ketchup 51.8 Williams & Wilkstrém, 2011
Margarine 10-20 Nilsson et al., 2010
13.9 Williams & Wilkstrom, 2011
Milk 9.2 Hospido et al., 2003
3.3 Hggaas Eide , 2002
7.0 Manfredi et al., 2015
Mussels, canned 88.7 Iribarren et al., 2010
Orange juice 4.8-5.3 Dwivedi et al., 2012
carton box about 28 Dolci et al., 2016
Pasta . .
pillow-bag about 18 Dolci et al., 2016
Pasta about 13 Bevilacqua et al., 2007
41.0 Manfredi & Vignali, 2014
Tomato puree | carton-based pack 36.3-46.8 Del Borghi et al., 2014
glass bottle 9.7-12.1 Del Borghi et al., 2014
Tomato, glass bottle 46.5 Del Borghi et al., 2014
chopped tinplate steel can 55.0 Del Borghi et al., 2014
Tomato, peeled tinplate steel can 46.1-51.5 Del Borghi et al., 2014
43-82 Véazquez-Rowe et al., 2013
34.2 Gazulla et al., 2010
Wine 55.9 Fusi et al., 2014
56.1 Bonamente et al., 2016
73.0 Pattara et al., 2012
Yoghurt about 18 Gonzélez-Garcia et al., 2013
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Highlights

* Food waste is an environmental issue, and some wastes are worse than others
» Both impacts of food waste and packaging should drive decisions for sustainability
» Packaging environmental assessment should account for waste reduction potential

* Knowing packaging relative impact helps select strategies for more sustainable food



