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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.
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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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G, 43 ogme] Wy &L 4o bl g
Juice production in the factory Pomegranate production in the orchard
Items Unit  Quantity Items Unit  Quantity
Ls35)9 (Al 5399 (!
A) Inputs A) Inputs
(e 0508 g 411 Sl 39 hr 3.64E-04
Apple concentrate Human labor
A g 0.4 o | 111E-05
Cherry concentrate Gasoline
2 g 6268 2 | 7.31E-05
Pomegranate Diesel
Coiss S g 0.14 S G KWh  2.04E-04
Bentonite Electricity
dn 5B g 0.05 oS e g  1.63E-04
Perlite Herbicide
A4 g 9.55 oy g 5.42E-04
Sugar Insecticide
Citric Acid Monohydrate Fungicides
gl MI 002 | odsr S g 274E-02
Liquid gas Nitrogen fertilizer
$3209) g  375E-06 b 395 g 256E-02
Oil Phosphorus fertilizer
Sl 028 g 0.005 by 355 g  2.10E-02
Carbon dioxide Potassium fertilizer
AeS 9 s Slg 298
0.05 0.76
Sodium hydroxide g Manure g
s KWh 003 okl m®  7.33E-05
Electricity Irrigation water
b 35 Ml 119 o o
Natural gas B. Product
<! kg 104 u g 6268
Water Pomegranate
| g 0005 bl (o
Enzyme C. Emissions
ogpecc] <51, g 5 lo &y ol o]
Juice pack Emissions to air
o g 5 S Ong s g 7.61E-04
Packaging carton Dinitrogen monoxide
sl g 035 Skigel g  7.02E-03
Straw Ammonia
wfe)‘y' g 012 D “““SI g  1.60E-04
Adhesive tape Nitrogen oxides
el 53 hr 0.09 Seeg g 48BE-05
Human labor Glyphosate
Jyae (o o g  1.63E-04
B. Product Deltamethrin
Wlogect g 160 s g  1.30E-04
Pomegranate juice Benomyl
)l (o SeSlied op)S g 016

C. Emissions

Carbon dioxide




Yvo

ST OT (6330 anlllas togmoc] udgi Jammmociows § slodoly GOLaiBl u )y o5l )50 g L o

# b 5 g 5 ol lil
Emissions from natural gas burning
b S5 b g ) il Ll
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
o 8.18E-07
Lead g
P9 3.80E-05
Chromium g
o9 g  1.14E-09
Mercury

255 o )18 kil 3,90 Ul ogeel agg )3 (008 5 5 5 0o g pab) S ) Car (2938 Syt JUT 5 s 08luS” caalllas 390 Sy o *
*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.

381 g plages Sl58le 5 5 39250 el (Sl 1 2)l50 ) & A8 oo Uacysdle (sl 03litl 3,50 gl SIS 5 b S8 (555 gm 31 U il Jolid itans il **

ol 00

** 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.

(S sslalal 45
SIS clajls Ll 5 ao s VO Ly apuSled )5
o 3 Lol Lialidl 4 S 1y sn 53 bl baws? 0yt
(Khezri et al., 2022) »5-5 0 Slas Livle,S il 4 y>ie
Gymmn g aSlisd ()8 il ol Jolge 5 (o il Jlo
(Chenetal., cuwl g5y adg ;5 edlatwl 3y50 Jowd S g
eS185 (1S st BB g g b ¢ IS sbay 2022)
Oy Lot LS SISl 5] o Ly o 3900 S g2 3
1 g 00l zer shuedl pd ouile Bl Lol g o i ba yosildl
980 meldl i Sbml sl g a3 g0 LRl (b (laSS
(oS slein! aia diwly uen > (Dilling et al., 2003)
@ 0a83)lg dSlied ()8 (5l (BU Ojlud A e il (presS
OUlolaidl g pu L8l laienisly (sl sl Sl jo ol Y5 @ >
@i g wlasby )3 elanl g Glie (o)n 4 630
ly g 4 a8l 1uS10d 08 8L i ot <o )
$5o9aS ¥ gase (Gl (oM jadls (pen olbpadls
e 45 A e Lt bty les,S” @) lsel 355l
g il slacs Loy S 5 s g2 55 ()8 s Do b5
oiel YU g (el @V gmamo 4y ol (] jos Jsbo stnlS
A yoxio (05 05 5ed i3l (slasoly o 5 oy
(Awuni et al., 2023) 15 Jalss (glalande |1 slads o

S9) A s b))
2l ol oss Lo VEeFe g5l 5 jlilinl y3 ds ] olel
wlpl adlas jl e alsjo S plsisr (Suj S gl
sl o)) gl disly gon 3 ol (Susjas
odbaplone sodly (iluse slp i (nl 3 (Jasrelun )
o gl s g dal s dl> jo 50 Ul ogee] g 4y bogyyo
o5 sl g oadoslitul & ases g plaves )ljale 5 j1 5 sl
4o bope sy 390 5w o b ladpe Slial a4 a2 L bl

A Jos Jaocin; sl sl ia b))l

shaaciun ) (s 31 3 il (slacis3a

Ml ey St (B0 slvassa Jlosga j0
e b o e D590 50 Gilegena | Coles (gly &S Canl oo
(Mclintosh, & Pontius, 355 .0 03kt wwl Jesxec s plo
2 (el slal jl (8U O )lus (IS sboa, 2017)
45 3980 Olo S e Cosd] Jgae W55 05505 ) Al 5
OlmgR 53 ded g 45 5 (silme dameliunj slaaze o 4
Jold Laaiy o (ol (S0 daslid 5 cp Sieten Sl (S0 p51
9l o CuldS Ojlud ladi g (p)S pl (eloial sy ia
JBlogecl adgi aiald )5 (apmecun; A8 Gl sbat o
D950 33l y2 5 50y



VPo¥ (ylimo oF oylouds IF alor (539l somiilo & s YV

LMLl 4l 5 Byo o 55505 5 A5 o Calas pols Lol
e O)lsdn ol (B S el 4 dalod (ke g (e
9 PI)_QI d)9—0 DJ)I_MS )9104_’ (PG—oE u.bl_ﬂ 9 ‘5)1A§Ml~»
O gl by ol S ey Hbla 4 Wb wal plolis
65 S ooy (b 5 amss ol Slolidl |y sl
Cyndg dy90 3 |y p3ye g OIS Cuslis &5 A8 (o0 Joe (ole
Slessl slagwl g 0gall @l ylas doa g O @l puss ils Jad
38163 pS st e alegy (IPCC, 2006) 1S o o]
O ym sl Y3 0Y Copd )3 wypdy90 dilels (sly sdalcewmsa
SenSlied S i b A g 0and o aSTed ()8

ol Casddy

92 CodaS a3 & jlesd 4 ja

P a8 laiie plgisdn ojlus due ek ol
Ul sgeac] ags alelis (gl il o5 sl lgn (5381 slaaly
aopr S5 e onl (I gbar sl 485 )18 () 3590
e D3 (5o, slaaas] ol S5 gy bawgs lgn (Sl
(Defra, cowl SLigal o g 58 JT ol 5 sl 3 3,565
B cpl 5 50 Oylad e 5l S olasyglp wlol p.2019)
alis 1355 o5 yo il onias 3 las 0 gladi s canl oids
Joi o g nl Sl (650ke & Cunl oad 515 calise
o &l ¥

Wlad pdyo poas 5 ylpde )i sl (gl aiia cpl 5l oMb
oals Sl 03 s W Cuows 4y I LZOT (gl e S
e 2yl 4 ol Gimgly copcnlil O AmlsS o ()8
55 435r ok > w1 Sy 5l 8L (slei 4y e
W W d.o].))J )bl b%og] .\.Jy
a0V 1y nS olanl Sl aizje bawsie il sloal
(Rennert et al., alos; o5 3uSlisd oy S o5y slp
lacol cadllas O‘-’.] o u))f ot UcLo.ol Ao 3)9]);. o> .2022)
opel gl (S5 2 Jobo 3 ol piie 381> ()8 e
39l IPCC 2013 Joullygi03 g g yloww 5l38lp 5 51 o3lisaol b o,
390y yglareds Jodllygiws ol 5l oolitul cusl )5 4 p3Y
S50 3 cale glonl ( S sbay o)l calise Yo Jolre )8
4 aS b ag g Jedlygiwd cpl il eslaiwl b Jolee ()8 cposs
OT sl )35 o as cuwl (Sio s RO PUVER I VO Ol)l}m
Jos 005 gy 115 S Gl ) Jallygon ) 5yl 25 )L
byl s 3-8 5 zol> baamdly a5 aad o lisebl o 0S5 o
5 03 plosl jly 5 Slid ©)gody Jaallygiws ool Golsly ()8
L a5 oo B 0308 (il )90 g g lolid )5 bawgs
o= el A yiixe g (98 Bl 45 20 Juols el
Flowe 550 53 Sl glia 035954 9 (5 pine Josllygiand
FLalidyl5 joma Ly Slaa (wlade 3 0428)S3 Joalljgi
A8 oSS (63818 pl S e e Calisee 3ol g Lo yguiS
2 Ol g olBud 5l glodins cads a5 30 Jols lielsl U
Lo Lacesbio  Joallygis cul 05 a3 i 3 o (sl

lga (Sogll 3 23l s ayim Sler :Ske =Y Jga
Table 2- Average global cost of damage caused by air pollution (Defra, 2019)
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Gases

(05 &l J¥2) Az ol

Cost ($ ton?)

039 sBas]
Nitrogen oxide
Glao lyd
Particulate matter
AeS1e63 3,5 5
Sulfur dioxide
Jp Jelsys
Volatile organic compounds
Slogel b
Ammonia vapor

6830

6911

6661

112

116610
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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 COz2eq IPCC 2013 GWP 100a V1.03 0.128
Global warming
change
lhosdgd o] J.Si5
(el 39340) kg NO eq CML-1A baseline V3.04 / World 2000 9.99
Photochemical oxidation
el sl . ES kg PM2.5 eq IMPACT 2002+ V/2.13 / 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 V1.02 28050
Human toxicity, non-cancer
ff ) w) - CTUe USEtox Recommended + Interim V1.02 374
**Ecotoxicity
PR ) (dld.?lg,).) dL.ol) u?““’&“"}:? K .
: POse CML-IA baseline VV3.04 / World 2000 5.17
Ecosystem Eutrophication griaeq
O (S kg SO2 eq CML-IA baseline \V3.04 / World 2000 9.63
Acidification

ol 05 51| WWW.ECOCOSESVAlUE.COM 3 (Y+YY) ois a3 )3 Jas 15 Jausacions j 4l S i i so 4 bgsye culeMbl *
* Information on estimated environmental prevention costs (2022) is provided at www.ecocostsvalue.com.
3 oy DIOBXV ™ g5 Jolas 5o 05 asnacans§ s i 03) &ly8 Sty A3h oo drmlone g ™
™ In order to calculate the environmental prevention costs of the Ecoto;dcity category, the equivalent cost is multiplied in the factor of
5.54x10°.
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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

Air polluting gases Amount (mg)  Damage cost ($)
251 Gjad 244.69 1.67E-03
Nitrogen oxide
ke 59.92 4.14E-04
Particulate matter
LSl 3,555
Sulfur dioxide 338.53 2.25E-03
Rl 314.43 3.52E-05
Volatile organic compounds
Sigel o 146.84 0.017
Ammonia vapor
g (Sogl ©)lud S 4 5m 0.021

Total cost of air pollution damage




VP ¥ Glamoy F o)los NF als (55,9l b piilo &y pid YA

Nitrogen
oxide
8%

Ammonia
vapor
80%

Particulate Sulfur
matter dioxide
2% 10%

Volatile
organic
compounds

0%

(o5 V8o bl ogmecd 8L S en Shos anly) lgn 4y ylud cladisja ;5 i85l aluS o 151 waew —0 JSWS
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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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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