Economic evaluation of the environmental impacts of juice production: a case study of
pomegranate juice

Introduction

Pomegranate has gained global popularity due to its high vitamin content and antioxidant properties, attracting fans
worldwide. The processing of pomegranate into various products, including pomegranate juice, has become a thriving
industry. However, this processing requires significant energy and chemicals, most of which are derived from fossil
fuels. The combustion of these fuels releases harmful gases, contributing to global warming, environmental damage,
and health risks. Unfortunately, the costs associated with these environmental burdens are often overlooked, neglecting
the principles of environmental sustainability. Therefore, it is crucial to evaluate the monetary value of the
environmental impacts throughout the life cycle of pomegranate juice production. This research aims to investigate the
costs imposed on society, including the social costs of carbon emissions, the damage costs of air pollution, and the

environmental prevention costs associated with processing pomegranate juice.

Materials and Methods

This study focuses on assessing the environmental impact costs generated during the processing of pomegranate juice in
Mashhad city, Iran, from 2022 to 2023. The case study considered in this research is the Saman Bazar Razavi Co. To
conduct an environmental impact cost assessment, the study first evaluates the environmental impacts released during
the pomegranate juice production process using the life cycle assessment approach. The costs associated with these
impacts are then estimated by multiplying the impact amounts with predetermined monetary coefficients. The study
adopts a system boundary from fruit entry into the factory to the exit of packaged juice, with a functional unit defined as
a 160g pack of pomegranate juice. SimaPro software, version 9, is utilized for analyzing the environmental impacts.
The evaluation of environmental impact costs encompasses three categories: social costs of carbon emissions, damage
costs of air pollution, and environmental prevention costs. Carbon dioxide emissions are considered to assess social
costs, while five gases—nitrogen oxides, particulate matter, sulfur dioxide, volatile organic compounds, and ammonia
vapor—are considered for investigating air pollution damage costs. Additionally, seven impact categories—global
warming, photochemical oxidation, respiratory inorganics, human toxicity, ecotoxicity, eutrophication, and

acidification—are taken into account to calculate environmental prevention costs.

Results and Discussion

The investigation reveals that the production of pomegranate juice emits approximately 0.12 kg CO, eq of carbon, with
a social cost of $0.0062 per functional unit. The primary contributors to carbon emissions are natural gas and electricity.
Furthermore, the evaluation of air-polluting gases indicates a total cost of $0.021 for air pollution damage. Among the
five considered gases, ammonia vapor, sulfur dioxide, and nitrogen oxides incur the highest damage costs. The
assessment of environmental prevention costs demonstrates a total calculated cost of $0.026, with global warming and
acidification impact categories having the largest contributions of 59% and 28% respectively. This finding suggests that
the majority of prevention costs associated with pomegranate juice production should be directed towards mitigating
damage caused by global warming. Notably, the consumption of natural gas and electricity during the pomegranate

juice production process is the main source of carbon dioxide emissions and global warming. Additionally, in terms of

acidification, the contributions of pomegranate, electricity, apple, natural gas, and sugar are noteworthy.



In line with these findings, it is evident that the resources derived from fossil fuels, which are consumed in pomegranate
juice processing, have the most significant impact on environmental damage. Therefore, one practical method to
prevent the creation of these pollutants is the utilization of alternative bio-products produced from biomass. Considering
the substantial amount of pomegranate waste generated after juice processing, which is often not utilized, these wastes
can be effectively employed to produce bioenergy, such as biogas. This approach not only prevents waste disposal but

also offers economic and environmental benefits.

Conclusion

This article provides an overview of the environmental impacts and associated costs of pomegranate juice production in
Mashhad. Using the life cycle assessment approach, the study calculates the environmental impacts per functional unit
(a 160g juice pack) and estimates the corresponding costs. The results indicate that the social costs of carbon emissions,
total damage costs of air pollution, and total environmental prevention costs per functional unit are $0.0062, $0.021,
and $0.026, respectively. These costs should be allocated to mitigating the environmental damage caused by

pomegranate juice production in the region.
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Fig. 2. A schematic flow chart of pomegranate juice processing stages in Saman Bazar Razavi Co. located in Mashhad
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Table 2- Average global cost of damage caused by air pollution (Defra, 2019)
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Table 3- Calculation method of each category in SimaPro software and their equivalent environmental prevention costs™
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Climate i, kg CO; eq IPCC 2013 GWP 100a V1.03 0.128
Global warming
change
) (slordyd Ggralipns] JiSi
(s 34 kg NO eq CML-1A baseline V3.04 / World 2000 9.99
Photochemical oxidation
Sl oMo N . kgPM25eq  IMPACT 2002+ V2.13/ IMPACT 2002+ 38.5
Human Respiratory inorganics
health ol ol om CTUh USEtox Recommended + Interim V1.01 4129.4

Human toxicity, cancer
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cancer
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™ In order to calculate the environmental prevention costs of the Ecotoxicity category, the equivalent cost is multiplied
in the factor of 5.54x107,
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Fig. 4. Contribution of the impact of each input to carbon emission (FU: A pomegranate juice pack of 160 g)
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Table 4- The amount of air polluting gases and the cost of air pollution damage (FU: A pomegranate juice pack of 160

9)
oS adgll gla;8 (055 slao) oo (;¥9) @ jlwsd s
Air polluting gases Amount (mg) Damage cost ($)
oS! 00 244.69 1.67E-03

Nitrogen oxide




e 1,2 59.92 4.14E-04
Particulate matter

LS 163 5,565
7 338.53 2.25E-03
Sulfur dioxide
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Volatile organic compounds
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o B 146.84 0.017
Ammonia vapor
I (ol s S iy
; : 0.021
Total cost of air pollution damage
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oxide matter dioxide
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Fig. 5. Contribution of the effect of each gas to the cost of air damage (FU: A pomegranate juice pack of 160 g)
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Fig. 6. Contribution of each of the inputs in the emission to air polluting gases (FU: A pomegranate juice pack of 160 g)
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Table 5- Values of impact categories and environmental prevention costs (FU: A pomegranate juice pack of 160 g)
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Mid-point category Unit Quantity Prevention costs (3$)
e oile S

k A2 .0154
Global warming 9COzeq 0 003
ol 253 0] 2l bl J55 kg NO eq 284E-05  283E-04
Photochemical oxidation
FERS S . kg PM2.5 eq 4.15E-05 1.60E-03
Respiratory inorganics
Ol ] S CTUh 781E-12  3.22E-08
Human toxicity, cancer
oy 8 gl S CTUR 812E-11  2.28E-06
Human toxicity, non-cancer
e S CTUe 0.09 1.88E-04
Ecotoxicity
(lea S ogenlsh 55 kg PO eq 279E-04  144E-03
Eutrophication
O (sl ) )
Acidification kg SO, eq 7.64E-04 7.35E-03
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