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Abstract

The increase in the growth rate of the world population and the growth of the demand for the use of food
resources has led to the development of food production and packaging. The food packaging industry is one
of the most abundant industries, therefore it has significant polluting effects on the environment. Evaluating
the harmful effects and identifying the origin of these effects in designing effective measures to reduce the
harmful effects of this industry through reducing consumption, improving consumable raw materials and
recycling is a way forward. With the aim of knowing the environmental effects of the packaging industry
based on the life cycle approach, the environmental consequences of this industry have been applied to the
vegetable packaging factory located in Dehak industrial town in the west of Tehran province. The destructive
effects of this industry have been quantified based on the global ReCiPe method. The results of estimating
the environmental effects of the process of food production and packaging (vegetables) in this study have
shown the greatest environmental effect among the three groups of effects of resources, ecosystem and
human health on human health. The origin of the greatest environmental load in this research has been
shown as the source of damage through the investigation of effect groups, greenhouse vegetables and
transportation. The results of the list of pollutant emissions obtained from the evaluation of environmental
effects based on the life cycle in the studied factory indicate the emission of 2.2 kg due to fossil fuels and
74.7 grams of other activities in the air, the amount of carbon monoxide emission is 132 grams and also 7.96
grams in Air is also 874 milligrams and 2.83 grams in air per production of a package of vegetables (200
grams).
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Introduction

The inevitable expansion of industrial activities has increased the damage to the environment and has caused
a decrease in the quality of air and water, an increase in acid rains and land degradation. Determining the
amount of environmental effects caused by the production of products clarifies the amount of damages in
different sectors. LCA can not only be useful in improving the compatibility of a product or service with the
environment (Roy et al. 2009), but also the harmful environmental effects of the process of preparing raw
materials and producing a product separately on water and soil are clarified in a way that All aspects of
production, distribution and consumption are considered. Also, LCA is a popular tool that is widely used to
evaluate the environmental effects of waste management systems (Kulczycka et al. 2015) and can be used as
a knowledge base and a common method and approach in decision-making for the program to be Based on
this, LCA has been used for the planning and environmental management of an "eco-industrial cluster" for
the coexistence of industry and environment in southern Italy, in order to establish the possibility of creating
a recycling loop in which the waste and by-products of several companies Check the input materials of the
processes that are used in new products. The analysis of environmental effects with the life cycle approach
showed that this approach has local and global benefits such as reducing the supply of raw materials and
energy, minimizing buried waste and reducing the emission of greenhouse gases and acid gases. (Cellura,
Ardente and Longo 2012). In order to complete the studies in order to examine the process from cradle to
grave in the life cycle, it is necessary to collect the necessary information after use, which includes the
process of recycling, landfilling, reuse and incineration (Valdivia et al., 2013). Several studies have been
conducted on the life cycle assessment of various industries around the world, including Iran. For example,
in 2017, Marashi et al studied the conservation of natural resources and achieving sustainable development,
especially sustainable agriculture, through the life cycle assessment method of the sugar industry. Also, in
2015, Daneshi et al. evaluated the consequences of water consumption in the life cycle of milk production on
the environment through Simapro. In this regard, in another comprehensive study, Abbasi et al. evaluated the
environmental effects of the production process of comfortable furniture in 2015.

The packaging industry has expanded a lot due to the improvement of food storage and supply in the food
industry, and it has caused a variety of dangerous polluting wastes to enter the atmosphere, water and soil.
Considering the urgency and magnitude of environmental problems caused by food supply chains, it is
necessary to provide recommendations to improve packaging.

Based on this, the aim of this research is to investigate the environmental effects of food packaging
industries-vegetable packaging factories, and explain the pollution effects of this industry in the form of
characterizing the effects using the life cycle assessment method, so that as an industry The pollution that has
formed around big cities, its damage on humans and the surrounding environment should be clarified.

Methodology

The analysis in this research is based on the initial input of data related to the food packaging industry, which
includes the main features of production and packaging and disposal of waste from the production process
(including the process of manual sorting and machine packaging) primary raw materials). The relevant input
information is entered in the SimaPro software so that, based on the entered data, the emission of greenhouse
gases is calculated by the software. Input data includes land use data (as input from nature) and material and
energy consumption (as exchanges with the technosphere). The calculations also include the total of
greenhouse gases from the landfill and factory landfill gas and the problems related to the emission of
greenhouse gases and other damage classifications. Damage classes can include a wide range of vulnerability
to humans and resources, and the environment, which has different groupings based on the type of method
selected in the analysis. To select materials and methods, the global database (Ecoinvent 3) of SimaPro
software has been used. This database prepared by the Swiss Life Cycle Registration Center in collaboration
with the Federal Institute of Technology in Zurich, which has the most complete databases.

Results and Discussion

LCA analysis for vegetable packaging, which is considered in this study, has been done using the data
provided by the factory management. The raw materials used are estimated to be 200 grams of ready-to-eat
vegetables per package. The input data includes data related to land use (as an input from nature), materials
and energy consumption (as exchanges with the technosphere) and output data. It includes (landfill). In order
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to quantify environmental effects in this study, ReCiPe method was used in SimaPro software. This method
guantifies the effective environmental effects on humans and resource consumption. In this method, it is tried
to evaluate the environmental effects based on the problem-oriented approach (CML-IA) and the harm-
oriented approach (Eco-indicator 99).

During the process of preparation to packaging of vegetables in the studied factory, separately from the
consumables and the production process due to waste burial, cellophane, transportation from the factory to
the shop, transportation of garbage, glue, vegetables, disposable container (plastic type) (used in packaging)
gas, electricity, water and 200 grams package. Based on the results obtained from the mentioned method, in
the category of effects, the greatest environmental load related to vegetables has been obtained. After
entering the input and output data in the software, the life cycle effect evaluation stage was carried out using
the ReCiPe method, and the numerical results Each class of effect was obtained in the production of 200
grams package according to the table below. The most effective parts are mentioned in each category of the
work. The results of this study showed that in exchange for the production of a 200-gram package, the
reduction of fossil fuels (0.13) has the highest amount of pollution and water consumption, and aquatic
ecosystems (2.25 x 10-4) have the lowest amount of pollution. be According to the damage-oriented
approach in this method of environmental impact assessment, damage to resources is estimated in the form
of economic damage (in monetary units), damage to the ecosystem (in terms of species per year) and damage
to humans (in terms of days of life adjusted from disability and damage to human health) is described. Figure
1 shows the results obtained from the life cycle assessment in the stage of characterizing the effects using the
ReCiPe method.

120

Municipal solid waste {RoW}| treatment of, sanitary
landfill | Cut-off, U

Polypropylene, granulate {GLO}| market for | Cut-
off, U

Transport, freight, lorry 3.5-7.5 metric ton, euro3
{RoW}| market for transport, freight, lorry 3.5-7.5
metric ton, EURO3 | Cut-off, U

Transport, freight, lorry 3.5-7.5 metric ton, euro3
{RoW}| market for transport, freight, lorry 3.5-7.5
metric ton, EURO3 | Cut-off, U

%

Adhesive, for metal {RoW}| market for adhesive, for
metal | Cut-off, U

m Lettuce {GLO}| market for | Cut-off, U

m Polystyrene, general purpose {GLO}| market for |
Cut-off, U

Heat, district or industrial, natural gas {GLO}|
market group for | Cut-off, U

¥ . & & fb&‘\@' o m Electricity, medium voltage {GLO}| market group for
SELE S & EF S 3 | Cut-off, U
\°’§:'\\°%j &
o
CO\\“@(«I""\ W Tap water {GLO}| market group for | Cut-off, U
S

Analyzing 2200 gr Vegetable Box ™ 200 gr Vegetable Box
Method: ReCiPe 2016 Endpoint (E) V1.03 / World (2010) E/A / Characterization

Figure (1): The results obtained from the life cycle in the stage of characterization of the effects using the ReCiPe method.

In normalization, an effort is made to normalize the effects based on a single unit so that it is possible to
compare them with each other by getting rid of the unit constraint. ReCiPe shows. Based on the results
obtained from this method, there are three classes of effect (human health, ecosystem, resources) in the
normalization stage. The largest share of pollution in the category of damage to human health. According to
the list of emissions listed in Table 3, the amount of carbon monoxide emission is 132 grams entering the air,
and the amount of nitrogen oxide emitted in the air is 3.26 grams per 200 grams of vegetables. Also, the
emission amount is 2.2 kg. The result of fossil fuels and 74.7 grams of other processes in the air and 234 mg
through the soil and also 7.96 grams in the air and also 874 mg and 2.83 grams in the air are estimated. The
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amount of emissions of other harmful pollutants, methane, hydrogen sulfide (H2S), hydrogen fluoride (HF)
and hydrogen chloride (HCI) are easimated.

Municipal solid waste {RoW}| treatment of, sanitary
landfill | Cut-off, U

Polypropylene, granulate {GLO}| market for | Cut-
off, U

Transport, freight, lorry 3.5-7.5 metric ton, euro3
{RoW}| market for transport, freight, lorry 3.5-7.5
metric ton, EURO3 | Cut-off, U

Transport, freight, lorry 3.5-7.5 metric ton, euro3
{RoW}| market for transport, freight, lorry 3.5-7.5
metric ton, EURO3 | Cut-off, U

Adhesive, for metal {Row}| market for adhesive, for
metal | Cut-off, U

M Lettuce {GLO}| market for | Cut-off, U

M Polystyrene, general purpose {GLO}| market for |
Cut-off, U

Heat, district or industrial, natural gas {GLO}|
market group for | Cut-off, U

™ Electricity, medium voltage {GLO}| market group for
| Cut-off, U

m Tap water {GLO}| market group for | Cut-off, U

4— - M 200gr Vegetable Box 200gr

Human health Ecosystems Resources

Figure (2): The results obtained from the life cycle in the stage of normalization and weighting of
the effects using the ReCiPe method.

Conclusion

According to the results of this research, it is possible to reduce the negative and destructive effect on the
environment by providing solutions to optimize energy consumption in the greenhouse and reduce waste in
the vegetable production process. The increasing population growth and the need to produce more food as
well as better use of production resources have drawn attention to greenhouse crops. In greenhouse crops, it
is possible to better use the important resources of water, energy and land. The correct way to reduce
vegetable waste is that the path between harvesting the product and its packaging should be as direct as
possible. Everything depends on transportation, warehouse and speed. This is true if the greenhouses (or
other cultivation places) reside in a place close to the factory. As long as there is no organized supply chain,
product losses can be significant and this means wasted land, water, energy and chemicals used in production
that are completely discarded.

There were limitations in life cycle log data collection. Air pollutant emission data were not measured
directly in the factory. The processes in the software are used for inputs. The amounts of a number of raw
materials have been calculated according to the studies conducted in other countries and have been converted
from qualitative to quantitative based on the evaluation of global pollution. The results obtained from this
research provide a comprehensive environmental analysis of packaging in Iran, which can help politicians
and decision makers of the packaging industry to better understand nature.
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