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Abstract:  

Purpose 

According to current opinions, the environmental costs of products and processes represent crucial drivers to be 
involved when addressing the sustainability of supply chains. Contrary to common belief, food industry is growing in 
importance in terms of consumption and monetary value, because of the global population growth and market 
changes (e.g. purchasing habits, public awareness on the benefits of healthier diet). The impact of the whole food 
supply chain on environment is becoming a relevant cost to be properly measured and handled. As instance, the 
practice of labeling agri-food products with eco-impact indicators at the retailer is a diffuse strategy for companies' 
competitiveness. 

This paper explores the supply, processing, packing and distribution activities of an extra-virgin oil supply chain of 
an Italian edible oil distributor and enquires the effects of the adoption of alternative packaging solutions on the 
environment in accordance with a Life Cycle Assessment (LCA) methodology. 

Design/methodology/approach  

The LCA methodology, given the boundaries of the analysis, studies the whole product life-cycle from cradle to 
grave. In particular, this paper considers the raw olive oil processing, the packaging, and distribution to final 
consumers, as well as the so-called reverse flows cycle based on waste and packaging disposal and end-of-life 
treatments. Results of the analyses are summarized and illustrated as a dashboard of environmental-oriented key 
performance indicators (KPIs) which measure the potential damages occurred to the environment by alternative 
edible oil supply chain configuration and package solutions. 

Originality/value  

Even though the reviewed literatures indicates that agricultural production and food supply chains present fruitful 
and meaningful instances for the application of LCA methodology, this analysis focuses on the environmental 
performances of alternative packaging solutions over the supply chain of extra-virgin olive oil.  

Keywords: Food Supply Chain (FSC), Life Cycle Assessment (LCA), Food distribution, Food specialties, 
Sustainability

 

1. Introduction 

Scientific and technological advances over the past 
century have improved quality of living in both developed 
and developing countries. The achieved effectiveness and 
efficiency in the exploitation of natural resources, in 
manufacturing processes and in transportation activities 
result in supply high-quality and cost-effective products, 
matching production and demand worldwide. However, 
the majority of such products is not produced and 
supplied in a sustainable way, thereby compelling industry 
and society focusing on the impact that the economic 
development has on the environment. With the expansion 

of global trade, goods intensively travel throughout the 
world, and the industry international competition 
undoubtedly results in shifting the focus from a local 
perspective, to the efficient management of the overall 
global supply chain. A relevant fraction of the overall 
global distribution flows in volume is represented by food 
and agriculture produces (WTO, 2011). The food global 
trade complies the needs of the final consumers, which 
may purchase cheaper products available at every place in 
every season. 

The raise of food production and distribution is 
recognized to be caused by the global population growth, 
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but also by changes in demand trends of western and 
developing countries (Amate et al., 2013). The increasing 
public awareness of the benefits of healthier food pushes 
the demand of agriculture products as far the expectation 
for their year-around availability. Thus, global food supply 
chains are expanding to match worldwide seasonal food 
production and demand, following a trend expected to 
accelerate in future (Ahumada et al., 2009, World Bank, 
2013).   

Such a trend increases the relevance of non-agrarian 
activities in the food supply chain. Between production 
and consumption industrial processes have gradually 
developed. The food products flow through the 
consolidation of raw produce, the processing, the 
packaging, the storage, the distribution, and lastly, the 
end-of-life treatments of waste as recycling or disposal. 
Since the food industry is one of the world's largest 
industrial sector, the design and planning of effective and 
sustainable supply chains involve the broad set of 
stakeholders (i.e., farmers, producers, trade, consumers, 
administrators) with direct consequences on the 
environment.  

The food carbon footprint is arguably one of the most 
relevant issues in improving the environmental 
sustainability of the food chain (Virtanen et al., 2011, Roy 
et al., 2009). Food production, preservation, storage and 
distribution consume a considerable amount of energy, 
which contributes to the total carbon emission, resulting 
mostly in global warming, which is one of the most crucial 
troubles affecting the planet.  

Life cycle assessment (LCA) is a technique used to assess 
the environmental aspects and potential impacts 
associated with a product over its life cycle, which is 
known as from cradle to grave analysis. The adoption of 
LCA methodology aims to two main scopes. On one 
hand, the environmental awareness of food supply chain 
processes may influence the decision-making process of 
administrators, industry managers, and practitioners, 
which are responsible for the planning, and the design of 
future development in agri-food systems. The challenge 
for research is to provide a set of guidelines and KPIs to 
assist partners of the food supply chain in identifying the 
key areas for environmental improvements. On the other, 
LCA methodology allows the assessment of the 
environmental impacts associated to food, thereby driving 
the consumption habits of consumers, which are more 
and more conscious in considering ethical and ecological 
criteria in their choices.   

The aim of this research is to present the results of the 
LCA of an extra-virgin olive oil Italian supply chain. The 
scope is to analyse the environmental impacts associated 
to the consolidation of raw produce, the industrial 
processing, the packaging, the distribution, and waste 
management of a bottle of Italian branded extra-virgin 
olive oil. Olive oil has been identified as one of the most 
popular Italian food specialties, which represents a 
strategic asset for all the Mediterranean countries (i.e., 
Italy, Spain, Greece, Portugal, and Cyprus). Over the 
approximately 750 million productive olive trees 
worldwide, the countries of the Mediterranean basin 

concentrates 97% of the world production of olive oil 
(Lopez-Villalta, 1998). Although olive oil is a product of 
exceptional nutritional value, its production and 
distribution are associated with several adverse effects on 
the environment.  

Despite of the farming and oil processing, which include 
the olive harvest, the produce consolidation, the squeezing 
of oil, the filtering and chemical cleaning of fats, the 
cooking process, and are treated in previous literature 
contributions (Avraamides and Fatta, 2006), the post-
production activities, such as packaging and logistics 
produce an high impact on the environment because the 
adopted standard containers (i.e., 1 litre bottle) are fragile, 
heavy and bulky. In order to measure and evaluate such 
contributions, this study illustrates a comparison among 
alternative packaging-container solutions for extra-virgin 
olive oil over an environmental perspective.  

The remainder of this manuscript is arranged as follows. 
Section 2, and related sub-sections, illustrates the main 
step of the LCA methodology through the definition of 
the scope of the analysis, the functional unit, the system 
boundaries, and discusses the methodological choices and 
simplifications undertaken. Section 3, and related sub-
sections, organizes and presents the results of the LCA 
focusing on the impacts that different packaging solutions 
have on the environmental. Finally, Section 4 concludes 
the paper presenting some tips for further research. 

 

2. LCA methodology 

The LCA methodology is a multi-stage analysis aimed to 
collect and organize the broad set of data regarding with 
the product life-cycle to permit the comparison of 
alternative products over an environmental perspective, 
the comparison of different life-cycle of the same product, 
and the identification of the most critical phase of life-
cycle which can be addressed through environmental 
improvements.  

This study is part of a project devoted to the assessment 
of the environmental performance of an Italian branded 
extra-virgin olive oil bottle for an Environmental Product 
Declaration (EPD) according to the product gategory 
rules (PCR) 21537 of ENVIRONDEC. 

Four main steps, objects of the following sub-sections, 
build the LCA methodology and lead to the interpretation 
of the environmental performances of the observed extra-
virgin olive oil supply chain.  

 

2.1 Goal definition and scoping 

Goal definition is perhaps the most important phase of 
the entire methodology, because the study bases on the 
assumptions considered at this step. The goal of the study 
is to evaluate the environmental impacts (e.g., carbon 
footprint) of production-distribution processes of an 
Italian extra-virgin olive oil supply chain. Figure 1 
represents a rough scheme of the olive oil life-cycle from 
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cradle to grave identifying the processes in upstream, core 
and downstream. The analysis focuses on downstream 
processes specifically on aims to highlights the different 
environmental performance of logistics activities (i.e., 
packaging and distribution) of four alternative packaging 
solutions (i.e., primary and secondary package) and 
materials (i.e., PET and glass) of bottled oil.  
This is not the first time research focused on the 
application of LCA analysis on food supply chain. 
Specifically, Avraamides and Fatta (2006) and 

Michalopoulos et al. (2011) conducted respectively the 
LCA of olive oil production in Cyprus and the LCA of 
agricultural and production processes for a Greek olive oil 
case study, representing the background of this work. The 
advance of this manuscript consists on the analysis of the 
extra-virgin olive oil processing, including the typical 
logistics activities of packaging, storage and distribution 
throughout a global supply chain. 
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Figure 1: The observed extra-virgin olive oil supply chain 

2.2 Functional unit 

The definition of the functional unit (FU) generally is 
based on the quantity, amount, or mass of the product 
under analysis. The results and the environmental 
performances obtained by the analysis refer to the bottle 
(i.e., 1 bottle) of the observed Italian branded extra-virgin 
olive oil. Even though the Italian producer carries out the 
oil processing, the recipe is composed by a mix of Greek 
and Spanish extra-virgin olive oil. Such a recipe is made by 
70% of oil from Greece and 30% from Spain. 

The proposed study examines in depth the extra-virgin 
olive oil supply chain through the analysis of two 
packaging lines: the PET bottling line and the glass 
bottling line. Different alternative packaging solutions (i.e., 
two primary packages and three secondary packages) are 
assessed and compared as summarized in Figure 2. The 
study takes into account the green glass bottle and the 
Polyethylene Terephthalate (PET) bottle as primary 
package. PET and glass are the most suitable materials for 
olive oil packages, since they maintain the original taste of 
product preserving its quality and shelf life. The analysis 
also considers three alternative solutions for secondary 
package: a twelve bottles sized corrugated carton (i.e., 
wrap package), the twelve bottles sized carton tote filmed 
with a Polyethylene (PE) film (i.e., thermo package), and 
the polypropylene (PP) stripe (i.e., strapping package). The 
primary package includes two paper labels (i.e., front and 
back) the aluminum cap with a PET pourer for glass 
bottle, and the PET cap for the plastic bottle. Finally, the 
EPAL (i.e., Europallet) and a Polyethylene (PE) film 
realize the tertiary package. 

In agreement with the PCR 2010:07, the FU of this study 
refers to one litre bottle of extra-virgin olive oil (i.e., 
equals to 0.916 kilograms per litre) including its packaging.  

 

2.3 System boundaries 

The system boundaries of the analysis are illustrated by a 
general input and output flow diagram, as shown in Figure 
2. All the activities, the processes, the operations and the  
adopted materials, which are involved within the system 
boundaries are taken into account for the assessment of 
the environmental impacts of the FU life-cycle. A 
complete LCA study for a food product ideally would 
include agricultural production, industrial processing, 
packaging, storage and distribution, consumption and 
waste management, which together comprise a large and 
complex system with a large amount of data to be 
gathered and analyzed.  
The proposed study does not refer to the core olive oil 
processing but regards with the processes of olive oil 
supply, of olive oil bottling and packaging, and of 
distribution to the average target final consumer (i.e., 600 
km far from the facility).  
Figure 2 and Table 1 illustrate and describe the main 
activities and steps of the observed process. The 
preliminary processes of tank truck unloading, oil storage 
in holding tanks and oil filtering are shared by both lines, 
so that they no differential for their environmental 
assessment. However, for sake of completeness, those 
activities are involved within the system boundaries and 
considered for the life cycle inventory.  
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Figure 2: System boundaries of proposed LCA 

The raw extra-virgin olive oil, coming from Greek and 
Spanish vendors, is unloaded and stowed within climate-
controlled  tanks (i.e., at 16 Celsius degrees)for sitting. The 
filtering step, carried out through fossil flour filters, 
attempts to purify the oil from impurity and solid remains. 
The filtered olive oil is then brightened and again stored 
with tanks until bottling.  

The bottling lines are both completely automated with a 
throughput respectively of 7,000 glass bottles per hour 
and 10,000 PET bottles per hour.  

The resulting glass and PET olive oil bottles are packed 
respectively with wrap and thermo packages, and with 
wrap and strapping packages. The characteristics (i.e., 
materials and weights) of the FU base on the combination 
of alternatives primary and secondary packages. Indeed, 
the allocation of the weight of the secondary package to 
the bottle varies the overall weights of the considered FU. 
The 1-liter glass olive oil bottle ranges in weight from 
1.445 kg when combined with the wrap-package to 1.440 
kg when combined with the termopack-package. 
Conversely, the 1-liter PET bottle ranges in weight from 
1.009 kg when packed with wrap to 0.990 kg when 
combined with the strapping-package. 

Primary and secondary packages are not the only material 
flows involved into the LCA analysis. The packages (e.g., 
carton and plastic containers) of supporting materials and 
components required by the process are handled as waste 
at the bottling facility, and are collected and sent to the 
proper reverse recycling chains. After the use phase, end-
of-life treatments (i.e., recycling, landfill, incineration) are 
considered for both primary and secondary packages, and 
for the materials and supporting components resulting 
from the observed chains.  

The electricity used throughout the productive process is 
supplied by two sources: the public power line (i.e., 
European energy mix) for which fossil fuels are consumed 
and emissions are generated, and the photovoltaic system 
installed at the facility, which covers 10% of the total 
energy requirements.  

The olive oil supply is carried out through a multi-modal 
transportation (i.e., ship and truck) from Greece and Spain 
whilst the other transport processes (i.e., supply of 
supporting materials, finish product distribution, waste 
collection) are made by truck.  

 
Process Characteristics and details 
 
Olive oil supply to the facility 
Energy supply to facility 
Water supply to facility 
Olive oil storage 
Olive oil temperature stabilizing 
Olive oil filtering  
Olive oil brightening  
Packaging lines 

Glass-wrap line 
Glass-termopack line 
PET-wrap line 
PET-strapping line 

Product storage/handling 
Product distribution 
Product end-of-life 
 

 
Transport by ship, Transport by truck, 20-28 tones Lorry, European average consumption. 
European energy mix, Installed photovoltaic system. 
Devoted infrastructure for water treatment and supply. 
Energy supply for climate controlled holding tanks. 
Energy supply for heating/cooling process. 
Energy supply for pumping process, Fossil flour supply. 
Energy supply. 
 
 
Energy supply, Supporting materials and components supply. 
 
 
Electrical forklifts, pallet-trucks 
Transport by truck, 20-28 tones Lorry, European average consumption. 
Energy supply, Natural resources use for recycling, landfill and incineration. 
 

  
Table 1: Process details and assumptions 
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Process Processes/materials Data sources 
 
Olive oil supply to the facility 
Olive oil filtering  
 
PET packaging lines 
 
 

 
 
PET-wrap line 
PET-strapping line 

Glass packaging lines 
 
 
 
 
 

Glass-wrap line 
Glass-thermopack line 

Product distribution 
Waste end-of-life 
 

 
Transport 
Cellulose fossil flour 
Cellulose assembled filter 
PET bottle (i.e., 36 gr.) 
PET cap 
PET sleever 
Wood pallet 
PE film 
Cardboard wrap 
PP stripe 
Glass bottle (i.e., 460 gr.) 
Aluminum cap  
PE pourer 
Labels 
Wood pallet 
PE film 
Cardboard wrap 
Cardboard tote, PET film 
Transport 
Transport, Recycling, Landfill, Incineration 

 
Ecoinvent database 
Case-specific data, Interview 
Case-specific data, Interview 
Ecoinvent database 
Ecoinvent database 
Case-specific data 
Ecoinvent database 
Ecoinvent database 
Case-specific data 
Ecoinvent database 
Ecoinvent database 
Ecoinvent database 
Case-specific data 
Case-specific data 
Ecoinvent database 
Ecoinvent database 
Case-specific data 
Case-specific data 
Ecoinvent database, Case-specific estimates 
Ecoinvent database, ARPA, Eurostat 

  
Table 2: Life cycle inventory (LCI)

 

2.4 Life cycle inventory (LCI) 

The life cycle inventory (LCI) consists on the set of 
activities including the search, the collection, and 
interpretation of the amount of data necessary for the 
environmental assessment the observed system. Many 
LCA databases containing data on transport, raw material 
extraction, common material manufacturing (e.g., carton, 
plastic), and disposal, already exists and can be find and 
imported through an LCA software. The study is 
conducted using the LCA software SimaPro 7.1.8 in 
accordance with the reference standard for LCA (i.e., ISO 
14040-14044). However, the majority of the processes and 
materials information required for the analysis are specific 
of the observed system. The design of case-specific 
processes and materials compels the definition per each 
process of the proper inputs energy, water, natural 
sources, and outputs in terms of emission to air, water and 
soil. In order to give a comprehensive description of the 
material flows and activities involved in the analysis, Table 
2 summarizes the principle factors with the related data 
source. Ecoinvent database is identified as probably the 
most detailed and complete available dataset for LCA 
studies. Other information have been collected by  
secondary data sources, as datasheets, technical reports 
and case-specific manuals describing the productive 
process (i.e., packing lines), the related plants and the 
associated supporting materials. Specifically for the 
assessment of the filtering process, data collection carries 
out through properly devoted questionnaires, phone and 
personal interviews to local fossil flour producers and on-
site measurements. 
 

3. Results 

The purpose of this study consists on the interpretation of 
the data collected through the LCI phase, and the 
evaluation of the impact that different packaging solutions 
for olive oil supply chain have on the environment. The 
inventory results are classified by different categories of 
impact in accordance with impact assessment step.  

The insight of the impact assessment phase is summarized 
in Figure 3, which allocates the relative contribution of 
every package's alternative to each impact categories. The 
proposed histogram reports the resulting performances in 
terms of global warming potential, ozone layer depletion, 
photochemical oxidation, acidification, eutrophication and 
non renewable energy consumption. The global warming 
is caused by the presence in the atmosphere of 
greenhouse gases (GHG) such as carbon dioxide (i.e., 
CO2), methane (i.e., CH4), nitrous oxide (i.e., N2O), 
hydrofluorocarbons (HFCs), sulfur hexafluoride (SF6) and 
perfluorocarbons (PFCs) responsible to absorb the 
infrared radiation emitted from the earth causing an 
increase in the average temperature. The global warming 
potential (GWP) is a metric for the assessment of the 
impact of any GHGs as the equivalent damage caused by 
an equal mass of CO2 within a horizon of generally 100 
years. The ozone layer depletion measures the damage to 
the ozone layer in the atmosphere, which is responsible to 
protect earth by the ultraviolet sun radiation. The 
photochemical oxidation is the resulting combination of 
solar radiation with unburned hydrocarbons and nitrogen 
oxides present in the exhaust fumes. The acidification 
measures the emissions of nitrogen oxides and sulfur 
oxides in air, which causes the reduction of the pH of 
lakes, forests, and oceans. Finally, the eutrophication 
indicates the level of nitrates and phosphates in aquatic 
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environments and the consequent reduction of oxygen, 
which results in affecting life conditions of the habitats.  

The PET bottle has a lower impact than the glass bottle 
on the environment for any considered impact categories. 

Furthermore, the PET-strapping package is the most 
environmental-friendly solution, mainly because of the 
dematerialization of the secondary package.

kg CO2 eq. mg CFC-11 eq. g C2H4 g SO2 eq. g PO4- eq. MJ eq.
Global Warming 

Potential
Ozone Layer 
Depletion

Photochemical 
Oxidation Acidification Eutrophication Non Renewable 

Energy
PET-Strapping Package 0.409 0.043 0.271 2.073 0.501 8.25
PET-Wrap Package 0.461 0.046 0.287 2.172 0.530 8.86
Glass-Thermopack Package 0.653 0.095 0.461 5.313 0.693 11.41
Glass-Wrap Package 0.686 0.096 0.459 5.305 0.707 11.54
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Figure 3: Impacts assessment for packaging alternatives 

In order to highlights the impact of each step of the 
observed extra-virgin olive oil supply chain, Figure 4 
focuses on the assessment of global warming potential 
and charges the carbon dioxide equivalent emissions to 
the process and activities within the system boundaries. 
The packaging of a bottle of extra-virgin olive oil requires 
an energy consumption of 0.0146 kWh per bottle in case 
of glass one, and 0.0331 kWh for the PET one. The 
energy consumption of the PET bottling line is double 
than the glass one since the plastic bottle experiences a 
preliminary shaping/blowing process, whilst the glass 
bottle enters the line in its final form. Such a shaping step 
compels a more articulated packaging line,  

which involves three energy-intensive working stations: 
one for plastic heating, one for plastic smoothing and one 
for high-pressure blowing. As previously described in 
Section 2.3, the supply of raw olive oil and the preliminary 
packaging processes are no differential for the different 
package solutions. Figure 4 demonstrates that the heavier 
the package, the higher the carbon footprint related to the 
entire supply chain is. Even though the recyclable glass is 
more sustainable than PET for environment, the greater 
weight of package material per bottle (i.e., 36 g of PET 
and 440 g of glass) significantly affects the impacts of the 
supply chain steps as package supply, product handling, 
product distribution, and end-of-life treatments.   
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Figure 4: Carbon footprint of packaging alternatives 
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4. Conclusions 

The purpose of this study is to present a quantitative 
analysis of the environmental performances for alternative 
package solutions in the extra-virgin olive oil supply chain. 
The ultimate goal of any LCA study is, of course, to 
provide a foundation for improvement and optimisation 
of the observed system through a set of useful guide lines 
and suggestions for the design and management of 
environmental-care solutions. 
This LCA demonstrates again that one of the key factor 
affecting the environmental performance of a generic 
system is the weight of the handled product. For the 
selected FU (i.e., 1-liter bottle of olive oil) is not the 
material but the greater weight of glass bottle in 
comparison with the PET bottle that holds the balance of 
the environmental impacts of supply chain steps and 
logistics activities (i.e., handling and transportation).   
Further development will regard with what-if multi-
scenario simulations and sensitivity analysis aimed to 
define some barriers of convenience in the adoption of a 
generic packaging solution. Other studies could also focus 
on the widening of system boundaries (i.e., upstream and 
core processes) in order to assess in detail the 
contribution of other significant processes and activities 
to the extra-virgin olive oil LCA.    
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