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Abstract: The impacts of environmental pollution are potentially irreversible and have become a major concern for 

society. Faced with this reality, the purpose of this study is to identify what type of flexible packaging material used in 
the food industry creates less pollution. The Leopold Matrix was employed to quantitatively assess the life cycle of 

plastic and paper packaging, using information from various scientific articles and peer-reviewed indexed journals. The 

interactions between physical, biological, and socioeconomic elements were established for each action in the life cycle 
of the packages. The results showed that flexible plastic packaging pollutes 16 percent more in the physical aspect 

concerning soil and water pollution than paper packaging, which has a more significant impact on air pollution. 

Regarding the biological aspect, plastic pollutes 63 percent more than paper in terms of damage to flora and fauna. 
Finally, on the socioeconomic level, paper poses a greater health risk for human beings owing to the emission of gases 

in its production, whereas plastic packages contribute more to the economy for being an extensive industry. 

Keywords: Life Cycle, Leopold Matrix, Environmental Impact, Plastic, Paper and Flexible Food Packaging 

Introduction 

owadays, a primary focus of society is the reduction of environmental pollution, mostly 
generated by mass production industries, which rank third among industries with the 
largest amount of greenhouse gases emissions (Geyer, Jambeck, and Law 2017). In this 

case, it has been detected that the plastic packaging production industry creates a major 
environmental impact (Figure 1). 

Figure 1: Global Plastic Production by Industry 
Source: Tiseo 2017 

1 Corresponding Author: Nathalie Katherine Bittrich Vargas, Carrera de Ingeniería Industrial, Av. Javier Prado Este 
4600, Universidad de Lima, Lima, 15023, Peru. email: 20180244@aloe.ulima.edu.pe 
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Certainly, the food industry is one of the main industrial sectors that consume different 
types of plastic packaging for protecting and preserving food from elements such as oxygen, 
smells, and microorganisms, thus ensuring product quality. Depending on the type of packaging 
material and the technologies used, products of different characteristics can be preserved 
(Ortega Leyva 2020). 

However, a point of uncontrolled plastic consumption has been reached, originating 
garbage patches in rivers, oceans, and on land owing to debris collection and waste 
accumulation in landfills and on the streets (United Nations 2018). Therefore, the new green 
trend has greatly impacted the companies and consumers, as it demands that production 
processes and products do not exert a negative impact on the environment (U.S. Environmental 
Protection Agency, n.d.). In response to these environmental challenges, food companies have 
modified their packaging under the concept of sustainable development, often favoring 
biodegradable plastic packaging (United Nations 2018). 

The United Nations Brundtland Commission (1987) defined sustainability as meeting the 
needs of the present without compromising the ability of future generations to meet their own 
needs (United Nations Brundtland Commission 1987). On the other hand, biodegradable polymers 
are materials, whose molecular structure can change in the presence of environmental agents and 
break down into simpler or minor substances such as water, carbon dioxide, and biomass that the 
environment can assimilate (Labeaga 2018). Nevertheless, the trend to use biodegradable plastic 
packages has not had the expected impact on society or the environment, because many of them 
do not meet the standards or characteristics necessary to preserve food. These packages do not 
fully decompose and even emit up to 50 percent of volatile solids and hazardous chemical 
substances. In addition, biodegradable packaging may take several years to decompose or need 
proper treatment in special plants to be eliminated completely (Cenergia 2020). 

According to the data collected by Euromonitor (2020), a consumption trend was identified 
regarding the main materials to produce flexible food packaging in 2020. Using the Pareto 
Chart (Figure 2), it was determined that plastic consumption accounts for 80 percent of the 
overall packaging consumption. However, a tendency to use paper packaging has also been 
identified, representing 8.02 percent in 2020. 

Figure 2: Retail Consumption Volume of Flexible Packaging in the Food Industry by  
Material in Millions of Units [8] 

Source: Euromonitor 2020a 
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The purpose of this study is to quantitatively identify which food packaging material has a 
more positive impact on physical, biological, socioeconomic, and environmental aspects, whose 
use should be promoted in the food industry. 

Theoretical Framework 

In recent years, numerous articles have been published on the overall environmental impact of 
plastic packaging, often focusing on a specific aspect of the product life cycle. 

The product life cycle is defined as “consecutive and interlinked stages of a product (or 
service) system, from raw material acquisition or generation from natural resources to final 
disposal” (International Organization for Standardization 2016, 1). This perspective gives a 
detailed description of the product life, allowing us to identify significant environmental 
impacts to mitigate them, thus contributing to sustainable development. 

This study carries out an environmental impact assessment of flexible packaging used in 
the food industry for cookies and snacks based on their life cycle, because this packaging 
category (flexible paper and plastic) was the most consumed for this food type in 2019, as 
shown in Figure 3. The analysis is performed for each type of packaging currently used 
(Euromonitor 2020b). 

Figure 3: Food Packaging Consumption Volume by Type of Material and Category [8] 
Source: Euromonitor 2020b 

Flexible food packaging is defined as multilayer packaging made from different materials 
that must meet certain requirements, such as adequate barrier properties, selective permeability, 
transportation resistance, and package sealing (Méndez Prieto 2019). 

Life Cycle of Plastic Packaging 

Flexible plastic packaging in the food industry for cookies and snacks have biaxially oriented 
polypropylene (BOPP) as its raw material that should be metallized to imbue the material with 
the barrier properties necessary to protect the food (Calderón Martínez, Meneses Herrera, and 
Quintanilla Sánchez 2011). 

The life cycle of flexible plastic packaging starts with crude oil extraction, raw material of 
plastic (Plastic Collectors 2020). For this purpose, drill bits or trepanning tools are used to bore 
oil wells and reach hydrocarbon deposits to then extract the oil with a pumpjack. 

41

D
ow

nl
oa

de
d 

on
 W

ed
 S

ep
 2

1 
20

22
 a

t 1
2:

38
:2

0 
U

T
C



THE INTERNATIONAL JOURNAL OF ENVIRONMENTAL SUSTAINABILITY 

Afterward, naphtha is obtained after light distillation, by separating the components based on 
their volatility (Plastic Collectors 2020). Naphtha then undergoes fluidized-bed catalytic cracking 
to obtain propylene, which transforms after an addition polymerization process into a larger 
molecule called propylene (Diquima, n.d.). Finally, after dosing and combining the raw material 
with water steam and additives, polypropylene is converted into pellets using the pressure 
pelletizer (pelletizing process), drying the resulting pellets to eliminate water (Baño Martí 2020). 

According to Tosar (n.d.) and Packsys Academy (2012), the propylene pellet undergoes an 
extrusion process to obtain a laminated polypropylene bag. It should be laminated with 
aluminum-metallized BOPP, which adheres to the polypropylene film by condensation. 

The last stage in the life cycle of flexible plastic packaging involves the final treatment. 
Plastic packages are rarely recycled and end up in landfills, are incinerated or abandoned 
(Opemed 2020) because plastic recycling is very expensive, requires state-of-the-art 
technology, and not all waste plastic can be recycled owing to the presence of ink on the 
packages that prevents its reuse. 

Resource renovation proves to be an alternative for the last stage in the life cycle of flexible 
plastic food packaging. It involves both recycling packages after their final use and contributing 
to natural life by preventing environmental pollution produced by solid waste. First, plastic is 
sorted by its characteristics using infrared light based on their Resin Identification Code (RIC). 
Then, plastic is shredded, decontaminated, dried, melted down, and extruded. Finally, it is 
combined with other additives to obtain small balls (pellets) that will be used later in new 
applications (Bolaños Zea 2019). 

Impacts of the Life Cycle of Plastic Packaging 

Oil extraction is the first stage of the life cycle of plastic packaging and creates a high level of 
pollution owing to the required water treatments, the release of particulate matter and volatile 
compounds during the extraction, oil spills in the ocean and soil, noises, and movements 
(Arnedo and Yunes 2018). Additionally, the sludge that is used in oil drilling prevents the 
growth and development of sea species and microbial communities by altering their habitats 
(Bravo 2007). Hydrocarbons severely affect fish tissue too, posing a higher risk of liver disease 
in humans who consume this type of meat. 

In the second stage of production, the catalytic cracking process is first considered. It 
requires a large investment in technology and components to mitigate the pollutants that cause 
damage to living tissue (Strubinger, Morales, and Aponte 2014). A harmful emission generated 
during cracking is carbon monoxide, a highly toxic gas that displaces oxygen in human blood, 
leading to dizziness or even death (Finklea et al. 1998b). This process also produces the so-
called “acid water” that pollutes water and damages aquatic ecosystems. In the second place, 
the process to produce plastic packaging is considered, which implies consuming large 
quantities of energy, mostly for the extrusion process, which uses at least 50 percent of the total 
amount of energy consumed (Vargas-Isaza et al. 2015; Arthuz-López and Pérez-Mora 2019). 
Additionally, plastic packaging production needs large economic investment, mainly owing to 
the high energy demand of the required technology, resource depletion, atmospheric emissions, 
liquid effluent discharge, solid waste generation and other environmental emissions such as 
carbon dioxide (ZEO 2020; Fernández 2017). Nowadays, the plastic industry is worth over one 
trillion dollars worldwide, accounting for around 5 percent of the total world trade (United 
Nations Conference on Trade and Development 2021). In the third place, the plastic industry 
has demonstrated dynamic growth in terms of employment generation and productivity, having 
jointly raised employee salaries (Gioza Zuazua and Fernández Massi 2017; CamBioTec 2018). 
In Mexico, one of the largest plastic producers, around 260,000 new direct jobs, and more than 
500,000 new indirect jobs have been created (ICEX España exportación e inversiones 2018). In 
the fourth place, we consider plastic packaging transportation to factories or stores for their later 
use. In this part of the process, plastic packaging is usually packed in plastic bags or other 
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polluting materials, implying more plastic consumption (Casanova Rodríguez and Mazo 
Machado 2020). In addition, the means of transportation used to carry the plastic packages also 
produce pollutants. Carrying these packages also requires the effort of company personnel, 
which may often cause ergonomic issues if they do not apply the necessary safety measures 
(Fernández 2017). Lastly, engine failures can occur during plastic packaging production, which 
increases temperature and electricity consumption accordingly (Vargas-Isaza et al. 2015). 
Besides, both reactive and preventive maintenance are really expensive and demand the use of 
large quantities of resources (Tecnología del plástico 2018). 

In the third stage of final treatment, more than 380 million tons of plastic are produced 
every year, from which a small percentage is recycled, some is burnt, and the rest is disposed of 
(Buteler 2019). In the case of disposal, plastics have inert characteristics that prevent 
microorganisms from degrading them, that is, they are nonbiodegradable (Barrera et al. 2013). 
Therefore, plastic accumulates on the streets, highways, sewers, and landfills. The use of 
landfills has become an issue, because the nonbiodegradable nature of plastic leads to mass 
accumulation, which in turn translates into large harmful emissions of gases such as methane 
(Arandes, Bilbao, and López 2004). Additionally, landfill accumulation means habitat alteration 
and bird displacement, as well as air pollution attributable to the toxin emissions from 
combustion and water pollution from plastic disposal in the drainage system (Gómez 2016). 
Furthermore, plastic has components that may cause disease in humans. Regarding 
accumulation in oceans and rivers, around 6.4 million tons of plastics are dumped into oceans, 
forming garbage patches (Socas González 2018). These patches are formed because of the 
currents and winds, as well as the uncontrolled plastic consumption, mostly from more 
industrialized countries. The waves, the sun, and the wind disintegrate these plastics into small 
particles, making their collection impossible, and they end up accumulating into one of the five 
main garbage patches (Espino Penilla and Koot 2020). Some of the main consequences of these 
patches are the loss of millions of living creatures, marine flora and fauna endangerment, 
environmental and water reserve pollution, health issues in the populations, and resource 
depletion. Both landfill accumulation and solid waste littering damage the landscape, leading to 
visual pollution in these significant medium category zones (Socas González 2018). Finally, we 
have plastic waste incineration, which contributes to global warming and leads to the emission 
of complex hazardous gases that affect health and the environment (Arbaje and Pérez 2020). 
Waste incineration has proven not to be a solution for plastic elimination, because at least 70 
percent of the total mass remains in the form of ashes, being very difficult to control. Moreover, 
incineration is an expensive process that needs an isolated area in the city and the technology to 
avoid exceeding the maximum permissible level of emissions. 

In addition, plastic also has a socioeconomic impact, because the fishing industry is often 
affected by contaminated fish or cannot find fish owing to the significant amount of waste 
particles (Del Cueto Gracia 2016). Plastic waste also affects the tourism industry by damaging 
the aesthetic value of streets, beaches, and other areas, requiring a large sum of money for daily 
waste collection. Additionally, plastic loses 95 percent of its value after its first use, and a large 
quantity ends up in the environment, thus entailing significant economic costs (World 
Economic Forum 2021). 

The last renovation stage is not frequent because of the high cost of the technologies 
necessary (Ágora Inteligencia Colectiva para la Sostenibilidad 2021). According to this author, 
the main disadvantage of recycling plastic is resource consumption such as water, cleaning 
agents, and electricity used to give plastic a new life. Even though recycling plastic pollutes less 
than producing it, it still emits 1.7 kg of carbon dioxide per kilo of recycled plastic (Z. E. O. 
2020). Once the plastic packaging is recycled, it cannot be used to preserve products for human 
consumption owing to the presence of additives and their low quality (Santos et al. 2005). In 
addition, the renovation process generates a large amount of emissions and polluting residues, 
thus requiring strict controls (Sbarbati Nudelman 2020). 
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Life Cycle of Paper Packaging 

Lately, an increasing use of paper packaging, especially Kraft paper, has been reported. Unlike 
regular paper, Kraft paper has a protection barrier for food. The raw material used for paper 
production is cellulose, which is obtained through different methods, depending on the selected 
tree. The first step is to remove the bark and splinter the trunk to obtain the cellulose by 
chemical or mechanical treatment (Boeykens 2006). 

After obtaining the raw material, cellulose is separated from lignin. During the chemical 
treatment, cellulose is mixed with various chemical agents: caustic soda and sodium sulfide for 
Kraft paper (López Sardi 2007), to eliminate lignin and form the pulp. Then, the cellulose paste 
is washed to eliminate residues (Sanz Tejedor, n.d.). 

To obtain paper, the virgin or recycled cellulose fibers are mixed with water in a pulper. 
This mixture is then flattened by the rolls of a paper-making machine. Finally, water is removed 
from the mixture by different methods. The end product of this process is long sheets of paper 
rolled up in a roll stock (Comercial Áviles 2019). 

Paper packaging is produced using specialized machines that coat the paper roll stock with 
an inorganic barrier, making them a paper roll stock with a sustainable barrier (Bazar Gráfico 
2020). Paper roll stocks are then taken to the graphic industry for printing and die-cutting. 

The last stage of the life cycle of flexible paper packaging consists of a final treatment, 
where residues are incinerated and dumped in the landfill. Incineration involves burning waste 
material to turn it into ashes. However, this procedure has largely been discontinued in favor of 
recycling, which brings more environmental benefits (Tangri 2005). 

Nonetheless, unlike plastic, paper is easier to reuse, because not so many additives and 
processes are required for this end. First, paper packages are processed with water, additives, 
and minerals in a pulper, the product of which is pressed to remove most water. Then, the 
mixture is centrifuged to eliminate the ink. A second pressing and centrifuge is needed to 
eliminate impurities. Paper is then bleached using chlorine dioxide, hydrogen peroxide, or 
sodium hydrosulfite. Finally, this paste runs through a series of rolls to remove the remaining 
water and form roll stocks of recycled paper (Bazar Gráfico, n.d.). 

Impacts of the Life Cycle of Paper Packaging 

Raw material extraction is the first stage of paper packaging production. Trees, as the raw 
material of paper, are often planted as a monoculture, which affects ecosystem diversity and 
deteriorates the natural landscape. The extension of plantations also has a direct impact on 
residents, who prefer to abandon the area to look for a different landscape. In addition, to obtain 
cellulose, entire forests and large amounts of water are consumed, as resources required by 
forest-based industries, leading to droughts and soil acidification (Torres Fuica 2017). In 
tropical areas, for instance, deforestation and logging may lead to pest outbreaks because these 
areas have the optimal conditions for their formation, thus affecting human health. Additionally, 
areas previously protected by tree shade record increased soil temperature when deforested, thus 
contributing to climate change (Sociedad Argentina de Pediatría, n.d.). Another aspect to take 
into consideration is the impact of logging on air quality, as carbon dioxide is released into the 
atmosphere from the burning of branches and leaves used during cellulose production (López 
Sardi 2007). The micro ashes formed in the process are borne by air currents into the glaciers, 
reducing their heat reflection capacity and accelerating melting (Torres Fuica 2017). 

The production stage directly impacts air quality owing to the emission of polluting gases 
such as sulfuric gases that cause acid rain (López Sardi 2007). The high level of air pollution 
can be harmful to human beings. For instance, respiratory problems attributable to gas emission 
and bad smells have been reported in residents near paste production plants (Chura Teves and 
Sanchez Vasquez 2020). However, the implementation of strict quality controls and automation 
of maintenance operations have proven to reduce these negative impacts on plant workers 
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(Asociación Nacional de Empresarios de Colombia—ANDI 2017). Furthermore, the cellulose 
industry consumes a large quantity of water water, which is later discarded with suspended 
particles, that is, toxic substances that alter the pH value of water and increase temperature 
(López Sardi 2007). Additionally, pulp production generates wood residues that mostly end up 
in water bodies, increasing the accumulation of organic matter and altering the habitat of 
aquatic species. Regarding the atmospheric emissions, this process produces greenhouse gases 
such as carbon dioxide, which contributes to global warming (Torres Fuica 2017). However, 
production plants of cellulose paste have attempted to implement methods to counteract the 
impacts on the air, water, and soil (Finklea et al. 1998a). To alleviate the impact on water, 
wastewater cleaning filters have been installed to reduce the quantity of organic matter that ends 
in water sources. Besides, new technologies manage to reduce combustion gases, and the 
implementation of gas scrubbers helps preserve the environment. Lastly, regarding solid waste 
generation, the ashes from this process are given a second use, for instance, in highway 
construction (Finklea et al. 1998a). 

Both the paper industries that produce cellulose and the paper-making industries have a 
positive socioeconomic impact. The paper industry is currently growing, generating 
employment, contributing to the internal development by buying local raw materials, and 
promoting recycling, which in turn translates into a positive environmental impact (Asociación 
Nacional de Empresarios de Colombia—ANDI 2017). Furthermore, cellulose production as 
well as paper production invest in innovation in an attempt to mitigate their environmental 
impacts by implementing new technologies. In 2020, investment in the paper industry totaled 
1,720 million Euros and exports reached 4,618 million Euros (Asociación Española de 
Fabricantes de Pasta Papel y Cartón 2018). However, nowadays, the paper industry accounts for 
4 percent of the world energy consumption, because it takes on average 0.75 tons of oil to 
produce a ton of paper (Doldán García and Chas Amil 2001). The main impacts of packaging 
production in the graphical industry come from ink and solvent residues used to clean the 
machines, which evaporate into the environment (Fundación entorno Empresa y Medio 
ambiente 1998). In general, let us not forget that the paper industry needs transportation to 
connect the different stage of its life cycle, which generates a significant part of the overall 
greenhouse gas emissions it produces. Gas generation produced during transportation reaches a 
total of 150 kg of carbon dioxide, including, for instance, the air transportation from Europe to 
Latin America (Hortal et al. 2018). 

The third stage of the life cycle of paper packaging is the final treatment, which includes 
littering, incineration, and landfill disposal. Solid waste incineration exerts the most severe 
environmental impact owing to greenhouse gas emissions: every ton of waste emits one ton of 
carbon dioxide (New ISO 14001:2015 2019). Furthermore, littering and dumping in landfills 
increase the emission of high concentrations of methane, thus contributing to the greenhouse 
effect, as anaerobic decomposition of waste occurs that alters the flora and fauna habitat. In 
addition, landfills are sources of infection that can cause very serious diseases, affecting 
people’s health and the environment (Reciclajes Avi 2015). Finally, one bond paper sheet takes 
approximately one year to decompose, increasing soil pollution produced by solid waste and 
affecting the landscape with the accumulated waste (Organismo de Evaluación y Fiscalización 
Ambiental [OEFA] 2013). 

Resource renovation proves to be an alternative for the third stage in the life cycle of paper 
packaging. Firstly, deforestation is reduced as raw materials are reused, and the impact of 
logging is also minimized. In addition, it requires less water for tree planting and paste 
production, meaning a lower impact on the environment (Sociedad Argentina de Pediatría, n.d.). 
However, although cellulose produced for Kraft paper does not require a bleaching method, 
paste must be bleached with chlorine to be reused in the paper industry (Boeykens 2006). Over 
the years, new bleaching techniques have been implemented, but the use of chlorine is still very 
common. Organochlorides are highly polluting agents, which have been found in different 
places such as water, living organisms, and so on (Greenpeace México, n.d.). This substance is 
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found mainly in marine life, as it is part of the effluents from the boiling process. This is where 
sea animals consume organochlorides, which in turn affect humans through consumption of 
contaminated species, posing a greater health risk. 

Summary of the Impacts of the Life Cycle of Plastic Packaging 

The summary of impacts of the life cycle of plastic packaging is provided below, including 
references to the bibliography from the theoretical framework (Table 1).  

 
Table 1: Summary of the Impacts of the Life Cycle of Plastic Packaging 

Process Element Impact Author 

Extraction 

Physical 

Release of particulate 
matter and volatile 
compounds. 
Spills in the ocean and 
soil. 

Arnedo and Yunes 
(2018), Bravo 
(2007). Biological Marine habitat alteration. 

Socioeconomic 

Health risk of liver 
diseases, noise, and 
vibrations. 

Production 

Physical 

Acid water generation, 
which causes damage to 
aquatic ecosystems and 
pollutes water. 
Consumption of large 
amounts of energy, 
resource depletion. 
Generation of 
atmospheric emissions, 
discharge of liquid 
effluents, generation of 
solid waste, heavy metals, 
toxic compounds. 
Consumption of more 
plastic, resource 
depletion. 
Noise pollution. 

Strubinger, Morales, 
and Aponte (2014),  
Finklea et al. 
(1998b), Vargas-
Isaza et al. (2015), 
Arthuz-López and 
Pérez-Mora (2019), 
Fernández (2017), 
Casanova 
Rodríguez and 
Mazo Machado 
(2020), Fernández 
(2017), Ágora 
Inteligencia 
Colectiva para la 
Sostenibilidad 
(2021), Tecnología 
del Plástico 
[Technology of 
Plastic] (2018). 

Biological 
Alteration of aquatic 
ecosystems. 

Socioeconomic 

Skin deterioration 
produced by UV 
radiation. 
Health and safety risks for 
personnel. 
Modern technology is 
required, high investment 
costs. 
Ergonomic issues during 
the transportation of 
goods. 
Employment generation. 
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Final 

Treatment 

Physical 

Accumulation of plastic 
waste in the streets, roads, 
sewers, soil pollution. 
Air pollution from the 
emissions of toxins and 
hazardous gases such as 
methane. 
Water pollution from 
waste disposal in the 
sewers, formation of 
garbage patches. 
Air pollution. 
Contribution to global 
warming. 

Barrera et al. 
(2013), Arandes, 
Bilbao, and López 
(2004), Gómez 
(2016), Socas 
González (2018), 
Arbaje and Pérez 
(2020), Del Cueto 
Gracia (2016), 
World Economic 
Forum (2021), 
Micaela  
Buteler (2019), 
Espino  
Penilla and Koot 
(2020). 

Biological 

Alteration of the fauna 
habitat and bird 
displacement. 
Marine flora and fauna 
extinction. 

Socioeconomic 

Deterioration of human 
health. 
Significant economic 
costs. 
Negative impact on the 
fishing industry due to the 
alteration of marine 
fauna. 
Negative impact on the 
tourism industry due to 
polluted beaches and 
landscapes. 

Resource 

Renovation 

Physical 

Depletion of resources 
such as water and 
electricity. 
Emission of gases and 
polluting waste. 

Vargas-Isaza et al. 
(2015), Zero 
Emissions Objective 
(2020), Santos et al. 
(2005), Sbarbati 
Nudelman (2020). Socioeconomic 

High costs for separating 
and sorting  
plastics, technologies, 
treatments, etc. 

Source: Bittrich, Ruiz, and Larios 2021 
 

A schematic graphical representation of the summary table can be seen in Figure 4. 
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Figure 4: Schematic Representation of the Life Cycle of Plastic Packaging 

Source: Bittrich, Ruiz, and Larios 2021 

 

Summary of the Impacts of the Life Cycle of Paper Packaging 

In the case of paper, the information from the life cycle corresponding to the information 
explained in the theoretical framework is compiled in Table 2. 

 
Table 2: Summary of the Impacts of the Life Cycle of Paper Packaging 

Process Element Impact Author 

Extraction 

Physical 

Damage to the landscape 
owing to monoculture 
plantation. 
Acidification and droughts 
produced by the consumption 
of entire forests. 
Increase in soil temperature. 
Air pollution produced by the 
generation of ashes. 

Torres Fuica (2017), 
López Sardi (2007), 
Sociedad Argentina de 
Pediatría [Argentina 
Society of  
Pediatrics] (n.d.). 

Biological 

Alteration of the ecosystem 
due to monoculture plantation. 
Alteration of the flora and 
fauna habitat. 

Socioeconomic 

Abandoned homes due to 
landscape alteration. 
Health deterioration due to the 
build-up of pests in deforested 
areas. 
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Production 

Physical 

Air pollution and acid rain due to 
the emission of sulfuric gases. 
Contribution to the greenhouse 
effect due to carbon dioxide 
emissions. 
Deterioration of soil and water 
flows. 
Water pollution and pH variation 
produced by airborne particles 
and organic matter. 
Soil pollution produced by solid 
waste generation. 

Torres Fuica (2017), 
López Sardi (2007), 
Chura Teves and 
Sanchez Vasquez 
(2020), Asociación 
Nacional de Empresarios 
de Colombia—ANDI 
[Colombian Association 
of Entrepreneurs] 
(2017), 
Finklea et al. (1998a), 
Doldán García and Chas 
Amil (2001), Asociación 
Española de Fabricantes 
de Pasta, Papel y Cartón  
(2018). 

Biological 
Plant deterioration produced by 
the emission of sulfuric gases. 

Socioeconomic 

Deterioration of human health 
due to the emission of sulfuric 
gases. 
Respiratory problems in people 
who live near paper industries. 
Health and safety risks due to the 
exposure to heat and chemical 
products. 
Economic growth due to 
employment generation and 
investment in innovation.  

Final 

Treatment 

Physical 
Air pollution due to the emission 
of greenhouse gases. 

OEFA [Agency for 
Environmental 
Assessment and 
Enforcement] (2013), 
Escuela Europea de 
Excelencia (2019), 
Tangri (2005). 

Biological 
Alteration of the flora and fauna 
habitat. 

Resource 

Renovation 

Physical 

Reduction of the impact of 
deforestation. 
Reduction of water consumption 
and contribution to droughts. 
Reduction of gas pollution that 
contributes to the greenhouse 
effect. 
Reduction of energy 
consumption to produce paper.  

López Sardi (2007), 
Chura Teves and 
Sanchez Vasquez 
(2020), Greenpeace 
México (n.d.). 

Biological 

Habitat alteration due to the use 
of  
chlorine to bleach recycled 
paper. 
Changes in seafood consumption 
due to the presence of 
organochlorides.  

Socioeconomic 

Risk to human health due to the 
consumption of organochlorides 
in marine species.  

Source: Bittrich, Ruiz, and Larios 2021 
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Just as for plastic packaging, a summary graph of the life cycle of paper packaging is 
presented (see Figure 5). 
 

 
Figure 5: Schematic Representation of the Life Cycle of Paper Packaging 

Source: Bittrich, Ruiz, and Larios 2021 

Materials and Methods 

In order to assess the environmental impacts from each stage of the life cycle per type of 
material, plastic and paper, the Leopold Matrix was applied to measure in quantitative terms the 
impact of each material on different environmental factors. The literature review of scientific 
and supplementary articles published in recent years was used as a basis for completing the 
matrix, considering a sample of sixty four references with key information. 

In the cause–effect matrix, the environmental element is recorded in the rows and the 
action in the columns so that they relate to show an environmental effect or impact. If an 
interaction occurs, each box is divided by a diagonal line. The magnitude is recorded in the 
upper part with numbers ranging from 1 to 10, with a (+) sign if it is beneficial or a (–) sign if it 
is an adverse effect. The importance is rated from 1 to 10, always with a positive sign 
(Garmendia et al. 2005). Finally, the total number of interactions will be calculated taking into 
account the arithmetic average to obtain the final value of the impact per type of packaging. The 
environmental elements consider three types of scope: 

 

1. Physical Scope: It refers to the external conditions that surround us, considering 
main aspects such as soil, air, water, and landscape. 

2. Biological Scope: It focuses on flora and fauna, that is, animals, microorganisms 
and plants, flowers and trees. 

3. Socioeconomic Scope: It considers the economic and social capacities through the 
analysis of aspects such as employment, health, population, and economy. 

 

The environmental actions correspond to each life cycle stage and are differentiated by type 
of material. The following actions were assessed for plastic: 

 

1. Extraction: It considers the actions to obtain raw materials such as blasting and 
drilling, well drilling, and offshore structure. 

2. Production: It considers activities such as resin refining/production, packaging 
production, packaging transportation, and failure control. 
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3. Final Treatment: It identifies the impact of landfills, incineration, or littering of 
plastic packaging. 

4. Resource Renovation: It explicitly considers recycling, including the management 
and control of natural life and waste recycling. 

 

In the case of paper, the actions to be analyzed are presented as follows: 
 

1. Extraction: It assesses the activities to obtain wood such as forest use, plantations, 
and soil alteration. 

2. Production: It refers to obtaining paper and cellulose, as well as packaging 
production, transportation, and failure control. 

3. Final Treatment: It identifies the impact of landfills, incineration, or littering of 
paper waste. 

4. Resource Renovation: It considers recycling, reforestation, and management and 
control of natural life. 

 

Based on these environmental elements and actions, a rating scale of the magnitude and 
importance of impacts is developed to prepare the Leopold Matrix, taking into consideration the 
categories used by the Agency for Environmental Assessment and Enforcement (Organización 
de Evaluación y Fiscalización Ambiental [OEFA] 2013). The following magnitude rating scale 
table was prepared (Table 3).  

 
Table 3: Magnitude Rating 

Magnitude Rating Probability of 

Occurrence 

People Exposed Extension 

1 Unlikely < 5 Specific 
3 Possible 5–29 Local 
5 Likely 30–59 District 
7 Highly likely 60–100 Regional 
10 Extremely likely > 100 National 

Source: OEFA 2013 

 
The lower limit considers an unlikely situation with less than 5 people exposed to this 

impact and an extension that affects only one specific area of the project. The maximum limit 
refers to a more critical situation where the impact is extremely likely to occur and expose more 
than 100 people with a nationwide extension. Table 4was developed to show the importance 
rating.  

 

Table 4: Importance Rating [66] 
Importance Rating Hazardousness Sensitivity 

1 Nonhazardous Null 
3 Slightly hazardous Low 
5 Moderately hazardous Medium 
7 Hazardous High 
10 Very hazardous Extreme 

Source: OEFA 2013 
 

The lower limit refers to a situation of slight and reversible damage of low magnitude, 
whose impact will not cause a significant effect on the environment, that is, the sensitivity is 
null. The maximum limit establishes a very hazardous critical situation of great magnitude, 
which extremely affects the surroundings and the environment, with consequences in the 
medium and long term. 
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Results 

Taking into account the aforementioned elements and actions for each type of material, the 
Leopold impact assessment matrices were prepared for the life cycles of plastic packaging and 
paper packaging (Figure 6).  
 

 
Figure 6: Leopold Matrix for the Life Cycle of Plastic Packaging 

Source: Bittrich, Ruiz, and Larios 2021 
 

As can be seen, the Leopold matrix for plastic has an overall result of –704 and a total of 55 
interactions between the aforementioned elements and actions. The element that stands out most 
is the physical one, with a score of –462, mostly owing to the soil and air pollution caused 
mainly by packaging production, landfill accumulation, incineration, and formation of garbage 
patches. This element does not have any positive interaction that can counteract its harmful 
impacts on the environment, as its only 2 positive interactions (failure control and waste 
recycling) have a low magnitude and impact. 

The next element with the highest score is the biological factor, with –299, having waste 
accumulation and incineration and the formation of plastic garbage patches during final 
treatment as its most negative impacts on flora and fauna. It should be noted that the life cycle 
of plastic packaging poses a greater impact on the fauna, especially on marine life during final 
treatment. This element only shows positive impacts for the action of natural life management 
and control; however, the score is not high enough to outweigh the negative impacts. 

Finally, we have the socioeconomic element, with a score of 57, being the most positive 
interaction owing to its contribution to the economy and employment generation in the 
production and resource renovation stages. This element is the only one that has a positive 
value, despite the negative interactions attributable to disease generation risk and migration of 
residents (Figure 7). 
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Figure 7: Leopold Matrix for the Life Cycle of Paper Packaging 
Source: Bittrich, Ruiz, and Larios 2021 

 

After the impact analysis and assessment of the life cycle of paper packaging, the matrix 
resulted in a value of –600, with a total of 55 interactions between elements and actions. The 
most relevant environmental factor is the physical element, with a value of –397, mainly 
attributable to air pollution and the contribution to climate change during the production and 
final treatment stages. Additionally, a high level of water pollution produced by organic matter 
and suspended solids is identified for the production stage; however, this case shows that 
actions such as failure control and management and control of natural life manage to alleviate 
the negative impacts of packaging life cycle. 

The next element with the highest number of negative impacts is the biological factor, with 
a score of –184. Actions during the extraction and final treatment stages are the ones that have a 
negative impact on the flora and fauna. Soil alterations are identified as the most significant 
impact under this factor, owing to the changes it causes in the ecosystem of the flora. The only 
positive interactions are found in failure control and natural life management and control, but 
they do not significantly contribute to improving the score. 

Finally, the socioeconomic element was assessed with a score of –19. The life cycle of 
paper packaging positively contributes to the economy and employment generation during the 
production and resource renovation stages. However, this element is outweighed by the risk of 
disease generation during raw material extraction, cellulose production, and paper recycling. 

In order to analyze the results from both matrices jointly, the following comparative table 
has been prepared considering the selected environmental factors and the interactions generated 
during the packaging life cycle (Table 5). 
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Table 5: Comparative Table of the Life Cycles of Plastic and Paper Packaging 
Factor Plastic Paper 

Physical Soil 

Plastic poses a greater negative 
impact with –185 points due to soil 
contamination, especially during 
raw material extraction and final 
treatment where waste is disposed of 
or littered. 

Paper poses a negative 
impact of –26 points on the 
soil during extraction; 
however, this impact is 
mitigated with reforestation. 

 Atmosphere 

Plastic final treatment contributes to 
climate change with a score of –153 
due to greenhouse gas emissions. 

Paper creates more air 
pollution with a score of –
230 during cellulose and 
paper production, where 
sulfuric gases are emitted. 

Physical 

Water 

In this case, both plastic (–73) and paper (–62) generate water 
pollution during the production stage due to the generation of toxic 
effluents that end up in water sources. 

Landscape 

Plastic does not pose greater impact 
during the extraction because 
offshore structures are usually 
located in isolated areas; however, 
landscape deterioration occurs 
during the final treatment and, 
therefore, it has a score of –51. 

Paper has a lower negative 
impact on the landscape, 
with –79 points, due to tree 
plantations as industrial  
monocultures. 

Biological 

Flora 

In this case, both plastic and paper negatively impact the flora. Paper 
has a score of –119 due to soil alterations and waste accumulation. 
On the other hand, plastic has a score of –113 due to the pollution 
and impact during the final treatment caused by packaging littering, 
incineration, and disposal. 

Fauna 

Plastic poses the greatest negative 
impact on the fauna, with –186 
points, due to waste accumulation 
and generation of plastic garbage 
patches. 

Paper has a less negative 
impact, with –65 points; 
however, the negative score 
is due to the generation of 
effluents with 
organochlorines that affect 
marine life. 

Socio-

Economic 

Employment 

Both the plastics industry (24) and the paper industry (15) have a 
positive impact on employment generation as packaging is a high-
consumption product, necessary for food protection. 

Health 

Plastic production and disposal 
generate polluting gases that have an 
impact on health; therefore, the 
impact is given a score of –66. 

Paper poses a higher health 
risk, with a score of –112, 
especially during extraction 
and production, because 
potential pests are created 
and sulfur gases that cause 
respiratory problems are 
emitted. 

Socio-

Economic 

Population 

Both the plastic industry (–6) and the paper industry (–6) cause 
migration of residents, in the case of plastic due to waste 
accumulation and in the case of paper due to the deterioration of the 
landscape caused by plantations. 

Economy 

Both industries contribute to the economy as a result of the 
investments made; however, plastic has a greater influence on this 
aspect as it is a massive industry; therefore, it has a score of 105, 
while paper has a score of 84. 

Source: Bittrich, Ruiz, and Larios 2021 
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As can be seen under the physical element, plastic proves to be more harmful than paper, 
because the latter manages to alleviate the negative impacts thanks to resource renovation. 
Concerning the biological aspect, plastic is more harmful owing to the generation of effluents 
and the formation of plastic garbage patches that affect marine flora and fauna. However, paper 
is also considered harmful because of the organochlorines produced by using chlorine during 
cellulose bleaching. Finally, under the socioeconomic element, both materials are considered to 
cause diseases, but the negative effects of plastic are outweighed by the positive impacts 
obtained with employment generation and contribution to the economy. 

Discussion 

After the quantitative assessment of the life cycle of flexible plastic and paper food packaging 
using the Leopold Matrix, it can be concluded that both materials are polluting and harmful to 
the environment; however, paper is more likely to be reused, mitigating the impacts generated. 

The results obtained show that none of the two materials under evaluation should be 
encouraged in the food industry, because they do not cause positive impacts on the physical, 
biological, and socioeconomic aspects in general. 

Recent research confirms the impact caused by microplastics, particularly the deterioration 
of the natural habitat and pollution caused by littering and waste accumulation. Despite the 
awareness of the problem of plastic pollution, its indiscriminate use, improper packaging 
recycling, and landfill accumulation still continue, causing further damage to the environment 
(Kumar et al. 2021). It is also confirmed that the percentage of recycled plastic is close to 50 
percent owing to the limitations of some polluting components (Otto et al. 2020). 

Furthermore, the analysis of plastic and paper packaging confirms that both materials are 
potentially harmful to the environment, owing to the mass flow and energy consumed during 
their life cycle; however, these authors emphasize that further research is required to obtain 
more accurate results and data (Zabaniotou and Kassidi 2003). 

Additionally, an increased use of paper in food packaging is confirmed, but its protective 
barrier is limited; therefore, it is often combined with other materials, reducing the possibility to 
recycle it (Kumar et al. 2021). However, the adverse impact of paper on the health and the 
environment should not be disregarded. It is therefore suggested to develop better recycling 
policies and waste disposal techniques (Deshwal, Panjagari, and Alam 2019). 

Taking into account the opinions of these articles and the results obtained, the use of other 
materials with less environmental impact is proposed. A study on the use of nanofibrillated 
cellulose as a raw material for packaging has been conducted in recent years. The main function 
of nanofibrillated cellulose is to be a barrier agent to protect food from external pollutants (Jin 
et al. 2021). This cellulose is a bio-based nanomaterial, that is, it is obtained from natural 
resources such as wood, plants, bacteria, and algae (Kim et al. 2015; Lopattananon et al. 2006). 

Several authors present the extraction of nanofibrillated cellulose from natural waste such 
as pineapple peel, leaves of mango trees, and crop straw, which usually end up discarded owing 
to their little use (Lopattananon et al. 2006; Cejudo Bastante et al. 2021). Additionally, this 
waste is often burnt, exerting a negative impact on the environment (Miao, Lin, and Bian 2020). 

For this reason, we suggest the possibility of extracting nanofibrillated cellulose from this 
waste to give them new applications for packaging production in the pharmaceutical, chemical, 
and paper industries owing to its “high thermal stability, high mechanical strength and water 
retention capacity” (Martín 2019). This material could reduce impacts, as it is sourced from the 
reuse of waste and is fully compostable, biodegradable, and biocompatible (Martín 2019). 
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