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EXTENDED ABSTRACT

Introduction: Throughout the life of a product, all activities and processes are associated with
resource consumption and the release of pollutants and materials into the natural environment and
some environmental exchanges. In the meantime, petrochemical industries also usually have
pollutants and wastes that are dangerous in terms of their nature and chemical composition and
may cause environmental crises. To control all environmental effects of a product, its
environmental effects must be considered throughout its life cycle. Life cycle assessment
determines the transfer of environmental effects from one environment to another and from one
stage of the life cycle to another. The purpose of this research is life cycle assessment and estimate
the environmental indicators of the ammonia product of Khorasan Petrochemical Company.

Material and methods: The life cycle assessment (LCA) of the ammonia unit at Khorasan
Petrochemical Complex was conducted in four main stages: (1) Goal and scope definition,
including determination of system boundaries and the functional unit; (2) Life Cycle Inventory
Analysis, involving the collection of data on energy and raw material inputs to the system,
transportation and distribution modes, and system outputs, including emissions to water, soil,
air, and waste generation; (3) Life Cycle Impact Assessment using the ReCiPe 2016 Endpoint
(I) method implemented in SimaPro software (v9.0.0.35); and (4) Interpretation of results, in
which the inventory and impact assessment results were analyzed and compared in order to
propose improvement strategies and to identify and evaluate the environmental impact
categories experiencing the greatest damage, as well as the key contributing factors.

Results and discussion: The results indicated that, at the endpoint level, the most significant
adverse impacts of this unit are associated with human health, mainly due to the consumption
of methane, steam, emissions from the ammonia unit, and natural gas. At the midpoint level,
the highest negative impacts were related, respectively, to particulate matter formation, global
warming (human health), acidification, and fossil resource scarcity. Methane showed the
greatest contribution to particulate matter formation and global warming. Incomplete
combustion of methane can generate particulate matter such as black carbon, as well as other
pollutants including NOx and CO, which adversely affect particulate matter formation, global
warming, and human health. In the fossil resource scarcity category, the main negative impact
was attributed to the consumption of natural gas as feedstock, while in the acidification
category, methane and steam were identified as the main contributing factors.

Conclusion: Overall, the results demonstrate that the strong dependence of the ammonia production
process on fossil fuels and feedstocks, together with emissions associated with methane and the
production process, is the main cause of the environmental impacts observed at both midpoint and
endpoint levels. Identifying these impacts and proposing targeted mitigation measures can
significantly improve the environmental performance of the ammonia unit and reduce its negative
consequences. Accordingly, the implementation of CO: capture and reduction technologies in the
steam methane reforming unit, reduction of methane leakage through continuous monitoring, and
establishment of an energy management system based on real-time monitoring of fuel and steam
consumption are among the most important recommended measures. In addition, upgrading
pollution control systems, optimizing catalyst performance to improve reaction efficiency,
recovering heat from furnace and reformer exhaust gases, and optimizing combustion conditions
are considered effective strategies. The use of low-NOx burners can further reduce NOx emissions
and the associated impacts related to acidification and particulate matter formation. These measures
are also applicable to other petrochemical units operating under similar conditions.
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Table 2- Life Cycle Inventory Analysis of Khorasan Petrochemical Ammonia Unit (One Year Period)
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Table 2 (cont.)- Life Cycle Inventory Analysis of Khorasan Petrochemical Ammonia Unit (One Year Period)
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Table 3- The Results of the characterization step of Life Cycle Assessment
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Fig. 1- Characterization results of Life Cycle Assessment at midpoint Level
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Table 4- Weighting Results of Life Cycle Assessment at midpoint Level
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Table 6- Comparison of the weighing results of Ammonia product of Khorasan Petrochemical Company with the Ammonia of the

database at the end point level
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Fig. 4- Comparison of the weighing results of Ammonia product of Khorasan Petrochemical Company with the Ammonia of the
database at the midpoint level
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Table 7- Comparison of the weighing results of Ammonia product of Khorasan Petrochemical Company with the Ammonia of the
database at the end point level

S 2503wl asly N5l 55 o B3 50 Sligal olulys ooy iy Sligal e
Pt YEf FAY 2l lade
Pt Yex-vy YA Ol Cwodlw
Pt ARORTA AP i o5 | CopdnS
Pt Y.YYVO Y. &bw

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad



gorg s mlbie g o glassly Julos

40/
35/ -

30/

25/

20/
15/ -

Pt

10/ -

5/
0/ -

Ol S

.Jlg,.eT

e 551 oS ol

L G.fl.y,.cT
()

sl s 33 31530 5 0015 oSl b (Ll 5 (omniy iy Sigol Jguamo (23359 s dulie ~0 JSC
Fig. 5- Comparison of the weighing results of Ammonia product of Khorasan Petrochemical Company with the Ammonia of the
database at the end point level

Slalllas gulis sl o) Gale 5 5 (hend @l a8
bl 9,55, 5l eolaiul L a5 Contreras et al (2021)
0357 (st slazme JUT (n e 2 & Sl a5y
JUUES Ry OV LT K RS TR I CL ES RIS S L S
sl a5 S 1 i gl 5510 5 2l
loo ;o .l Gudate (il Gaiss ol b as ais
e ogaz 3 b, al) Wb cerdgry 9 5 s
S Byas S Bpas LS 5 boan VT Led
g polo Guiod l Jols ol @ axei b coled o 005
8,8 A g oo alie Slidms mli b ol dlis
Copde gz o, Sal) &Il g o lee ol olulis b
axly g jlaore o Sles Sgge 4 Wilgi o DI ]
anlllas ;o .08 S o] hie Ol el g SLigal
obte Shigal adgs an T o o8 (ol 4 azgi b 5 5l
Sher Olpe @ b B (Bras CSgw Glye @
ohlasly bras selin Gi o ol )l g asgere
sgw OISl i woly o 1Segs 5l 3L
I3 Gels e canlioo W s 1) s jlasrs
Slge rl ogas 3 lalal) Gyl sgw
o)Lal 25 9)lse 4 lyioe 5 Wo S al2l g Sleiny

0,5

S 5 o
151y Sl 432 ) jslite & o ek ()
ab plxsl ReCiPe hg, b lul 3 sondigyn Sligal
Sl o g jlaom sgw Sl 1 iy a5 ol Lis
Alazgie QLo corisyn Slisal s )0 ol il
Oty Sl Sl lad o 5wl plusl cedls
3 Blae S5 LS5 1 Sl 4 se e 5
e 330a5 5 Sl Cdlo 1 -l Gl
B s 5l LU ol )lasl a4 by e I3l sl Jowsd
ez PBras oL (Pras CEse Glyie a ol
5 5 Shisel wdss anlp po ollasl (Shisel wlss
stnlie Baiow (o Cwl wxly Slygs lgie 4 b
> > bl esas o dLiu et al (2020) vy a5
Mg anld GaldS glels lasl 5 55 Sl
e 1 o yiin 4 ol Lis ol j o plol SLigel
ol g Bl O3 JSas Gl Sl 4 abg e
50 Ll g mp ol G mlo b oS cwl Sl
4 Kheiralipour et al. (2021) Lawgs a5 (5,50 dasllas
5 SVl a8 sl Sl gy olite
Pyt a5 o plad mls il pbul b
Flaib a4 by o aslllas 3)50 olKaaVb (g jlarons

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad

FEY



OHe 5 (5 o>

HLaE! pals g Cde s s,9Ld (s 5lwooly -
CO:

al>po 50 2)S aSlg HLinl Vb o 4 azg b
31,8 5 o CO2 Lz slapinn 5l ooliiwl « Kica a0
Siey (el b plond iz i) Sieyiy,
eyl lraxly jo Wilgs o cai iz, CO2 00,5 o
ol cplaS 5 .8 )18 oolaiwl 050 griio Bjlas gl b
s selss IS glagls Ll el LialS corge
2 0 (855 Sy o s | il -
labixl ol

L ol yass (ISO S0001) (6551 s o immms (& jlools
S5 5 sreabs I hpan laliznd Gl Slign o
Ol Slogel wnly cilie gla sy Lo oSSl
025 1 G (5ludings 5 (55,1 OO bl Lol
I emd plie Span ol 4 ymie g 2jlu s
D9h o0 Jparme jos a2

=955 sy ¥T J 5o a5 5bunty -
i)l g 0¥ S glagiuns (e o Slas (o)
S35 o o 5 bl Sl ceal skl b
Lo (il 95500 Sletiny Slisel woly (29>
Sl 5 (Fr g e Db lae DS il s
Sl g 0,8 Bda jheail 4y gilale, 51 JS ) (5950
i ials ) lge (Sogll b b ye sy e
Slgi oo ) Saly cnl (o255 5 o sl ey
herretiny s SR Gals Glles asly G olpen
alio nlo )3 lolz soriisy Shisel aly s opdle
ogle .05 )3 oalitul 3550 1 ey g 515 (i
onlman o Ll ool
Jol> Bl b Sl 5o 2] slaa jo anslis jslaeay
LCA Jdo JoSo wilgs oo husracony j ol jl malS 5
olaidl 38s sbeosls wiejls Julow g8 ol Lol sl

(Cost—Benefit Analysis)

ol s Slhles a2 (5 1T le s sloas s wiile

céﬁm d“ 4’9—’ lJ w‘ lé?:ow,_q) U‘))‘ ‘5|Lo

Sligol adgi alyd Sldas (5lwaings -
s el Bl ¢l Ko i) 0ty 1o 995 oo olgidin
ofile SNk bl e 5 VL ol
oeolS @ e pladl a5 sgz g0 slacw LIS
b g ol LS 5 S|t Glaieds (b 5 S pan
5ol bl sla o 6,554 5 coal (rizeen
Slp Wl ble 5 e, (29> Ed slayls
ooliiwl 9,90 JLadeS B adgi b She abe)S i
b sal adsl 655 Bras alS coge oS 35 )18
s gw 3l glal> w0 g dguzo coliiw! -
o sl gles b ()l 655 4 5ls a5 (Blas o
Sl (ol loamly b (S8 slabigy i) Wi
Dipots g oyp B b (b 8 G2 (R
b Sidly 2l ed Bl oyl 588 Lol Sl
oiule S iy jmalS o Wiy oo dnd sl g
il e Sligel yee a3 ,> (GWP) Sl
Ol gk yo @l bl (g5 lwdiags -
Sl
axly slo Jrin ;o lgo 4 Cogw Comd 380 ol
wdyiny (IS Gloptenw @b 5l sber s Sie sy
cely pladl ol osd oo olgriny (02 Trim Control)
033b dguge 9 CO udgs uals (il 5l 5l (6,55l
ooVl jLasl als 4 e dos 40 g oo ]
REIRVAPER IV
S Jrio b 09290 b Jrioo (o350l -
(Low NOx Burners) ,Li5| oS
g WoysS ;0 Low NOX (sl Jrine 51 (6,10 0 140 5 s
5 hoe ), S Glyieas wilg o Sligal 0>y sla )b
stz b ) G398 laaras] lasl wadoldl
wale als o i jebay Sl plaes alS

el 350 LCA s 1o lgn Gfojﬂ 5 O (gl

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad

FFY



o2l Sl

LCuwiy o
! Global Warming Potential
2 Life Cycle Inventory
3 Life Cycle Impact Assessment
5 sl ) saio sbeuls dex 5l wcslogluil slaaibols ©
b slaal
Sy 5l o 1y sl s yos 5528, s 31 50 45 el gL ?
3o olis Sl 5 s lery 4 Dl Uy 5095
¢ Midpoint

7 Endpoint
$ ROW

References

Afkhami, F., Ardestani, M., & Mehrdadi, N. 2022.
Environmental Impact Assessment of Asaluyeh Gas
Refinery Products Based on Blue Water Footprint
Measurement. Jundishapur Journal of Health
Sciences, 14(3).

Alizadeh Osaloo, A., & Keynejad, M. A. 2008. Life
cycle of processes and its application in
environmental impact assessment of petrochemical
industries. Fourth National Congress of Civil
Engineering, Tehran.

Babaei, A., Sayyah Nia, R., & Ommi, S. 2023. Life
cycle assessment of the food packaging industry
located in Dehak industrial area. Environmental
Research Journal, 14(28), 235-253.

Contreras, W., Hardy, C., Tovar, K., Piwetz, A. M.,
Harris, C. R., Tullos, E. E., ... & Laurenzi, 1. J.
(2021). Life cycle greenhouse gas emissions of crude
oil and natural gas from the Delaware Basin. Journal
of Cleaner Production, 328, 129-530.

Ebrahimi, E., & Ebrahimi, L. 2022. Life Cycle
Assessment (LCA) in crop production, case study:
apple and grape. Journal of Advanced
Environmental Sciences, 20(1)251-266.

Esfahanizadeh, M., & Bagherzadeh Koohbanani, M.
H. 2023. Evaluation of the environmental
performance of construction and demolition waste
management in Tehran using life cycle assessment
(LCA).

Esparham, D. R., & Ebrahimi, E. 2021.
Environmental Hot Spot Analysis of Energy Supply
Systems Using Life Cycle Assessment Approach.
Mechanical Engineering of Energy Conversion,
8(4), 27-44.

Fazeni-Fraisl, K., & Lindorfer, J. 2023. Comparative
life cycle assessment of first and second generation
bio isobutene as a drop in substitute for fossil
isobutene. Biofuels, Bioproducts and Biorefining,

el iz addllas ol jo Sezge slaosls g £550
‘LS'T uL!.[UaA )Q 03....4‘5;7 QLQ.H.M...' ‘JJ w‘ oD ﬁl.?u‘

9SS e anld eSS gl onlimanse Jlos
g blod golgning slo,Sal, cancodgl 5 slassy

S5 Rl
aloros idgei (5 b adlllas cpl plosl jo 1) Lo ¢ g

&be
17(1), 207-225.

Ghorbani, M. 2016. Investigation and identification
of environmental pollutants of petrochemical
industries and providing appropriate solutions. First
International Conference on Natural Hazards and
Environmental Crises in Iran, Solutions and
Challenges.

Gonzalez-Castafo, A., Bandoni, J. A., & Diaz, M. S.
2016.  Multi-Objective  Optimisation in a
Petrochemical Complex with LCA considerations.
In Computer Aided Chemical Engineering, 38,
1497- 1502.

Hakakzadeh, M. R., & Talebi, F. 2022. The impact
of methane gas on the international environment and
Iran with a focus on the role of the National Iranian
Gas Company, 1728555.

Kargari, N., & Mostavi, R. 2010. The position of life
cycle assessment in evaluating the environmental
impacts of agricultural activities. National
Conference on Waste and Agricultural Wastewater

Kheiralipour, K., Tashanifar, E., Hemati, A.,
Motaghed, S. and Golmohammadi, A. 202I.
Environmental impact investigation of natural gas
refinery process based on LCA CML-IA baseline
method. Gas Processing Journal, 9(2): 53-60.

Lemke, F., & Luzio, J. P. P. 2014. Exploring Green
Consumers’ Mind-Set toward Green Product Design
and Life Cycle Assessment: The Case of Skeptical
Brazilian and Portuguese Green Consumers. Journal
of Industrial Ecology, 18(5), 619-630.

Liu, X., Elgowainy, A., & Wang, M. 2020. Life
cycle energy use and greenhouse gas emissions of
ammonia production from renewable resources and
industrial by-products. Green Chemistry, 22(17),
5751-5761.

Maleki Delarestaghi, R., Ghasemzadeh, R., Mirani,

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad

FFY



OHe 5 (5 o>

M., & Yaghoubzadeh, P. 2018. Comparison of
different waste management methods in Tabas city
using life cycle assessment approach. Environmental
Science Studies, 3(3), 782-793.

Pooladi Borj, B., Saeidi*, S., As'adi, H., Naddaf, A.,
Fekri, H., & Sarkhoshkalat, M. 2025. Environmental
life cycle assessment (LCA) of oxidative
desulfurization of gas condensate in novel oxidation
system. Environmental Pollution, 371, 125958.

Soltani, A., Rajabi, M. H., Zeinali, A., & Soltani, E.

2010. Environmental impact assessment of crop
production using LCA method: wheat in Gorgan.
Crop Production (Electronic Journal of Crop
Production), 3(3), 201-218.

Tahkdmo, L., Ojanperd, A., Kemppi, J, &
Deviatkin, 1. 2022. Life cycle assessment of
renewable liquid hydrocarbons, propylene, and
polypropylene derived from bio-based waste and
residues: Evaluation of climate change impacts and
abiotic resource depletion potential. Journal of
Cleaner Production, 379, 134-645.

Tighnavard Balasbaneh, T., Kadir, M. A., &
Marsono, B. 2012. Environmental lifecycle
assessment of a single-family house in Malaysia:
Assessing two alternative IBS frames. International
Journal of Emerging Technology and Advanced
Engineering, 2(11), 534-540.

Yousefi, H., Jaanalizadeh, H., Norollahi, Y.,
Shadmehr, M., & Mokhtari, B. 2016. Life cycle
assessment of renewable energy sources. Third
Conference of the Iranian Energy Association
(International Conference on Energy Technology
and Management), Tehran.

Zamani, A., Moeinoddini, M., Kazemi, A., &
Ghodratian, M. 2025. Terrestrial and Aquatic
Ecosystem Toxicity Footprint Based on Life Cycle
Perspective in Methanol Production. Journal of
Animal Environmental Research, 1(2), 125-130.

A

W

A% Y
B

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad

FFO



This page is intentionally
left blank.

VE D lils Y oyl TF o303 g (oo pole anlilad
\Ais



