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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. The costs tied to these environmental burdens are often
overlooked, neglecting the principles of environmental sustainability. Therefore, it is vital to assess the monetary
value of the environmental impacts throughout the entire life cycle of pomegranate juice production. This
research aims to investigate the costs imposed on society, including the social costs of carbon emissions, damage
costs from air pollution, and costs associated with environmental prevention measures related to processing
pomegranate juice. Feel free to ask for further changes or adjustments.

Materials and Methods

This study focuses on assessing the environmental impact and associated costs generated during the
processing of pomegranate juice in Mashhad, Iran, from 2022 to 2023. The research examines the case study of
Saman Bazar Razavi Co. to conduct an environmental impact cost assessment. The study begins by evaluating
the environmental impacts associated with the pomegranate juice production process using a life cycle
assessment (LCA) approach. The costs related to these impacts are then estimated by multiplying the impact
amounts with predetermined monetary coefficients. The study adopts a system boundary that extends from the
arrival of the fruit at the factory to the departure of the packaged juice, defining a 160g pack of pomegranate
juice as the functional unit (FU). 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 from air pollution, and costs for environmental prevention measures. Carbon dioxide
emissions are considered to assess social costs, while five other gases—nitrogen oxides, particulate matter, sulfur
dioxide, volatile organic compounds, and ammonia vapor—are included in investigating air pollution damage
costs. Furthermore, the calculation of environmental prevention costs takes into account seven impact categories:
global warming, photochemical oxidation, respiratory inorganic effects, human toxicity, ecotoxicity,
eutrophication, and acidification.

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).

4. https://doi.org/10.22067/jam.2023.82678.1170



mailto:mkhpour@um.ac.ir
https://doi.org/10.22067/jam.2023.82678.1170
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jam.2023.82678.1170
https://orcid.org/0000-0002-8107-9026
https://orcid.org/0000-0002-1120-9219
https://jame.um.ac.ir/

VBT limn oF oylas IF ol (5359LiS (slomilo & pid

Results and Discussion

Here’s the edited text with corrections marked: 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 the impact categories of
global warming and acidification making the most substantial contributions of 59% and 28%, respectively. This
finding suggests that the majority of costs for preventing damage in pomegranate juice production should be
focused on mitigating the effects of global warming. 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. Based on these findings, it is evident that the resources used in pomegranate juice processing,
derived from fossil fuels, have the most significant impact on environmental damage. Therefore, one practical
method to prevent the creation of these pollutants is the utilization of alternative bioproducts 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 cost of carbon emissions, the total damage costs of air pollution, and the 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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Cdp Sk g 0.05 oSk g  163E-04
Perlite Herbicide
S8 g 9.55 ooyt g 5.42E-04
Sugar Insecticide
Sl ydamgio S ol USel
0.5 4.33E-04
Citric Acid Monohydrate g Fungicides g
ok MI 002 O3S g 274E-02
Liquid gas Nitrogen fertilizer
2P0k 3.75E-06 b 395 2.56E-02
Oil g Phosphorus fertilizer
el 028 g 0.005 pouliy 355 g  2.10E-02
Carbon dioxide Potassium fertilizer
AeS 9 s Slg 298
0.05 0.76
Sodium hydroxide g Manure g
el Gt KWh 003 skl m®  7.33E-05
Electricity Irrigation water
b 5 MI 119 e (2
atural gas . Produc
Natural B. Product
<! kg 104 2 g 6268
Water Pomegranate
- g 0005 sl (o
Enzyme C. Emissions
ogwec] Sy g 5 lon 4 <l Liasl
Juice pack Emissions to air
o g 5 S g s> g  7.61E-04
Packaging carton Dinitrogen monoxide
sges] S Slogel
gr.awd g 035 Amnuwg‘;\ia 9 T02E03
%Mf%)‘y" g 012 09 —\mf‘ g 1 .60E-04
Adhesive tape Nitrogen oxides
I he 0.09 a3 IS g  4.88E-05
Human labor Glyphosate
e (= ol g 163E-04
B. Product Deltamethrin
SWlogecd g 160 Jees g  1.30E-04
Pomegranate juice Benomyl
ol)L:.-;:l (u A,,..S\L;A_Og)-f g 016
C. Emissions Carbon dioxide
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Emissions from natural gas burning
"ok 58 g 5l @l L)
Emissions from liquid gas burning

yi@&l)ml
Emissions to water
el g  5.66E-02
Nitrate
Olawd
6.64E-04
Phosphate g
pds g  7.43E-08
Cadmium
o g 6.52E-06
Coppe
S g 3.74E-05
Zinc
- 8.18E-07
Lead g
P9 3.80E-05
Chromium g
o9 g  1.14E-09
Mercury
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In the studied company, apple and cherry concentrate are used as an additive to improve the quality (taste, color, etc.) in the
preparation of pomegranate juice.
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™ Direct emissions include emissions from burning of natural gas and liquid gas used for machinery, which are obtained from the
database available in SimaPro software.
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Table 2- Average global cost of damage caused by air pollution (Defra, 2019)
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Particulate matter
AeS1e63 3,5 5
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Volatile organic compounds
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Table 3- Calculation method of each category in SimaPro software and their equivalent environmental prevention costs”

. s
bl 03, o 105 sl amolima 5 "l
End-point Mid-‘!oint)::ate) or Unii Calcﬁlationmeihod (;¥3)
category P gory Cost ($)
Climate R RS kg CO, eq IPCC 2013 GWP 100a V1.03 0.128
Global warming
change
lhosdgd ol JSi5
(bl 39340) kg NO eq CML-1A baseline V3.04 / World 2000 9.99
Photochemical oxidation
s ceads . S kg PM2.5 eq IMPACT 2002+ V2.13 / IMPACT 2002+ 385
Human health es‘pulorator).lhlzlorganlcs
O O e CTUh USEtox Recommended + Interim V1.01 4129.4
Human toxicity, cancer
oyt ~old S CTUh USEtox Recommended + Interim V/1.02 28050
Human toxicity, non-cancer
il w) - CTUe USEtox Recommended + Interim V1.02 374
Ecotoxicity
PR ) (dld.?lg,).) dL.ol) u?““’&“"}:? K .
: PO, e CML-IA baseline VV3.04 / World 2000 5.17
Ecosystem Eutrophication gl e
O Sl kg SO, eq CML-IA baseline \/3.04 / World 2000 9.63
Acidification

ol o 431,) WWW.COCOSESVAlUE.COM ;5 (V- YY) o 48,5 Jlai 15 Jaomeciunsj 4lpS i 4o 4 bgsye cleMbl
" Information on estimated environmental prevention costs (2022) is provided at www.ecocostsvalue.com.
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™ In order to calculate the environmental prevention costs of the Ecoto%dcity category, the equivalent cost is multiplied in the factor of
5.54x107.

lpo (o9l cylns JS e b)) @l F Jsio 4 gl
S V5 3y ) et g 530l o ylus S atjm oS 3l ol
3 e O i e ol 5l JY < [oYY il Ul ogre
Sligal o & bgsye 2b; ST L Iy (Sl @jlus S aje

B JS5) sl p a4 aily L]

152 CudaS a3 & ) leud dasja

P o pdise pelin el Sadn o 505 il ga 4 ojlud dise
=830 a8l plaS s Hlade ¢ olwl (pl ] addllas oy
Sl oolauwl b sasais 5 Jlas 5 (0,Sles dnly o (lila lon cuas
i jl g gpler jl58lp s 53 D990 CogulssT Sl SIL
Iy (Sogll ojlud djp 5o w5 dolCuwday l38le 5 dalow
(¥ Joi2) 85518 (2l 390


file:///C:/Users/abaspour/Downloads/www.ecocostsvalue.com
file:///C:/Users/abaspour/Downloads/www.ecocostsvalue.com

G I OT (6990 antllan toguocs] udgi (ot § gUodoby (OLasS! sy ¢yl 150 9 Lijg pa

0.49%  0.04%

0,
1.11% 0.42% 0.03% = Natural gas

0.05% 0.01% 0.00% m Electricity
2.96% 1.26% 0.65% 0.00% = Apple concentrate
0 00% Pomegranate
3.03% 2.95% 0.00 = Sugar
5.27% u Packaging carton
- m Juice pack
Citric acid
Cherry concentrate
m Liquid gas
| Straw
m Carbon dioxide, liquid
m Fuel oil
Water
= Sodium hydroxide
Adhesive tape
m Direct emissions
= Perlite
= Bentonite
= Enzyme
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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)
Air polluting gases Amount (mg)  Damage cost ($)
28 0o 244.60 1.67E-03
Nitrogen oxide
e b2 59.92 4.14E-04
Particulate matter
ST 63 5,565
L . 2.25E-03
Sulfur dioxide 338.53 SE-0
ARk 314.43 3.52E-05
Volatile organic compounds
Slosel ) 146.84 0.017
Ammonia vapor
lga (Sogll s IS aije 0.021

Total cost of air pollution damage
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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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= Apple concentrate
Electricity
= Natural gas
Sugar
= Pomegranate
= Citric acid
Packaging carton
= Juice pack
= Liquid gas
= Cherry concentrate
= Straw
= Water
Carbon dioxide, liquid
= Sodium hydroxide
Adhesive tape
= Perlite
= Fuel oil
Direct emissions
= Straw
= Adhesive tape

= Pomegranate
Sugar

= Apple concentrate
Cherry concentrate

= Citric acid

0.00%* Electricity
Natural gas

= Packaging carton

= Juice pack

= Water

= Straw

= Liquid gas

= Carbon dioxide, liquid

= Sodium hydroxide
Adhesive tape

= Perlite

= Bentonite
Fuel oil

= Direct emissions

= Adhesive tape

0.04% Ammonia vapor

%

0.01%

32.35%

el lasl ol Jole Ul adgs gl ) (5y5liS” liees
odolcundt gl &S cal 5,) (hls a5 ol S5 .l 039 8

Sulfur dioxide " Electricity
Natural gas
0.53% 037% -0.04% = Apple concentrate
0.59% 51940.07% - 0.01% Pomegranate
3 63%\\ 0.53%.0.04% = Citric acid
' /O/GOO/AV = Sugar
3.70% 0-68% — b 0.00% - Juice pack
4.05%\ \\\ = Packaging carton
\ = Cherry concentrate
4.22% v
= Straw
5.50% = Liquid gas

Carbon dioxide, liquid
= Sodium hydroxide
Adhesive tape
Perlite
27.74% = Fuel oil
Direct emissions
= Straw
= Adhesive tape

. = Apple concentrate
Particulate matter  sugar

= Electricity

0%

0,

0.13% . 0.01% - packaging carton
0.49% 0.03% 0.00% = Juice pack
1.11% R = Pomegranate

o 1340 :
4.81% =770 Natural gas

Carbon dioxide, liquid
= Sodium hydroxide
Adhesive tape
Perlite
= Bentonite
= Fuel oil
= Direct emissions
= Adhesive tape

6.11% \ 0.00% = Citric acid
5.85% = Water
= Cherry concentrate
‘ = Liquid gas
» = Straw

8.27%

8.60%

(05 V5 Ul c%.ng] cSb S o0 ,Slos dalg) lon c.A.Llfo.)’ﬂ sl HLasl (o (8 pae slrodlys | plasyn ).:Jb ok -1 J&w
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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Fig.7. Contribution of each of the impact categories to the environmental prevention costs of pomegranate juice
production and the factors affecting the global warming (FU: A pomegranate juice pack of 160 g)
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Table 6- Environmental prevention costs of end-point categories (FU: A pomegranate juice pack of 160 g)
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Fig.8. Contribution of each impact category to the environmental prevention cost for human health (A), and the
environmental prevention cost for the ecosystem (B), (FU: A pomegranate juice pack of 160 g)
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