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Abstract

Purpose: The petrochemical industry in Iran, as one of the country's primary revenue-generating sectors, plays a crucial role in job
creation, mitigating the effects of sanctions, and preventing raw material sales. This study aims to identify the factors influencing the
development of the petrochemical industry by considering budgetary structures and comprehensively modeling the dynamic systems
of this sector, including crude oil and natural gas exports, the National Development Fund, and the Oil and Gas Fund. The research
also focuses on production and sales within the petrochemical industry to assess the impact of inflation on feedstock and utilities.

Methodology: This research adopts a system dynamics approach to model the budget formation in developing the capacity of the
petrochemical industry. It employs causal models and simulates flow-stock models using the Vensim software. The modeling process
incorporates budget allocation structures for projects and petrochemical complexes capable of producing products, utilizing over
450,000 data points related to production and sales across the entire petrochemical industry in Iran from 2011 to 2023.

Findings: The results of the modeling closely align with empirical outcomes, indicating that Iran's final petrochemical production
increased from 28.7 million tons in 2011 to 52 million tons in 2023. Additionally, the nominal capacity of complexes rose from 54.1
million tons to 90.2 million tons. Assuming an annual increase in feedstock and utility prices (inflation) ranging from 1% to 10%,
industry costs have surged by $2.9 billion. However, due to a 76% increase in production capacity, the net revenue of the industry has
remained at approximately $26 billion.

Originality/Value: This tesearch provides a comprehensive and reliable framework for analyzing and planning the development of
production capacity within the petrochemical industry through system dynamics modeling. Furthermore, it quantitatively elucidates
the role of optimal budget allocation and examines the impact of rising costs on production and revenue in this sector. The study
explores the effects of various influential factors on petrochemical product output, including the implications of inflation on feedstock
and utilities, as well as the effects of increasing inflation rates.
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Figure 1- The evolution process of the petrochemical industry [2].

[3] anags gloaclsys ool 2 gontig g canivo oo sy =¥ S
Figure 2- Growth of petrochemical industry capacity based on development plans [3].
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Figure 3- Comparison of basic product production in Iran [7].
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Figure 4- Comparison of basic product production capacity percentages in Iran and Saudi Arabia [7].
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Figure 5- Comparison of nominal production capacity in the seventh and eighth development plans [7].
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! Dynamic Hypoyhesis
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Table 1- Oil and gas sales subsystems, sectors, variables and their types to identify the causality diagram [17].
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Table 1 — Continued.

ey reide ol oS sy i)

Lressy0 | 5aS i Sl ol gh b po 12
15090 [ SeS b 8 olels IS 13
130950 [ SeS b s ol ysls S 14
el oy SYpamemog S S5 anse Glaced jl sy 15

Logr et b 5 Sl b Sk 16
Logn ledb sody iy SVgazemog S aly e 17
Ry WTT S s Slo> Caond 18
Logy lest Sl 3 Shs> ced (Rl Bl g 058 o) 19
Logy lest ordy iy S¥game=og 5 ldg axly anse 20
<l oy OYgamemos I Sl ause 21

oJ)jT?ﬁjbﬁ)jbbm .\.&L:‘ja a.L;SJi.bG f)l.& Jﬁbw%j&ﬁ dl}jb&\)\b cﬂ)@jc\}@&jﬁ@)b}“
\Jb.k}&_iid\fﬁﬁbjoby J}J@uﬂ.)\.éb.)%brj CLA J}A&&\:u’é)ﬁjWkuj\ﬁ&b)@ju@&béuj@j Q‘J—:ﬁ ol 0l
o> OV paaes 3T U5 g e (Sodkins S Ol gisas 58 5 S (sl (15 O ez lipe aal3l [16] sl o iy 25 Ln s ()
Lalps GalS Jale olsiear Jol hass Cole die 53 (Js 05 0 DL 5 4 CdS 5 0dd IS 4 amte Somdly 53 e 25 S L3sd o0

J17] J16] Csl 0 0o Cs Comins

m 5 i iy
/_Tfliéﬁd._\.],: Sl © o
+ 3 P
/ {:I_/ /‘r 3 Ghyglyd g0y
2l -
a3z il S + e \
b +

)l; CJL)}"

ple s clpls £ 5 38 iloe cundybs _ J3) samb 35 G
(a8
(WTD;o ate v ; )
pl i s e I ol
S Plo e it 670 5 gl aot;
\ijb’s P> s hgb JS P (e
b

LT] ool IS gl s gy e Jlogas = # JS
Figure 6- Causality diagram of crude oil and natural gas sales [17].
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Table2- Petrochemical industry investment sub-system, sectors, variables and their types to identify the
causality diagram.
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Figure 7- causality diagram of petrochemical industry development budget [25].
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Table 3- Petrochemical production sub-system, sectors, variables and their types to identify the causality diagram.
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Figure 8- Causality diagram of petrochemical industry productions [25].
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Figure 9- Stock-Flow Model of the Petrochemical Industry.
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Figure 10 - Oil and gas sales flow accumulation chart [8], [16].
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Table 5- Data and values related to natural gas exports [33].
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Figure 11- Stock-flow diagram of the petrochemical industry development budget [25].
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Table 7- Domestic and foreign funding for petrochemical
investments (Finance) [7].
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Figure 12- Stock-flow diagram of the feedstock and fuel group in the petrochemical industry [17], [25].
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Table 8- Required investment for producing each thousand tons of petrochemical products.
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Table 9- Non-production of feedstock and fuel product group.
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Tablel0- Summary diagram of modeling results for non-production of feedstock and fuel group.
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Table 11- Average price of the feedstock and fuel product group [3].
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Table 12- Average of feedstock and utility prices for different petrochemical product groups.
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Figure 13- Validation of modeling results.
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Figure 14- Comparing the implementation of different time intervals to check the integral error.
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Figure 15- Comparison of feedstock and fuel costs for different inflation rates.
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Figure 16- Comparison of feed and utility prices.



(\f~f) Y e)l.o.iuf 093

Yy VAY-Y 0 tamip 53'1}05 ‘slbé},&‘),‘s”?g} - P

M)Jm‘b-}}'b)o)y&jbfdabfjoijkwﬁ@‘wﬂdu&m}jﬁdﬂbj)}&@odﬁm \?J&&))G))l;dm
O P03 ety S 3a e 4 S aypa Cond [20] Sl edils 3L Ul Ly 8 S ) b SIS Gl 5 008
el ol sloes N335l YV 5V Y 50V Do 5 \To )5 Sl ST a pn Abl e 40 %0 550 Wapge s o

gyl Carivo all5 \.xa])a)o(n”;' Aoy Sl auslie -F-F-Y

b 3 ey iy Semteo i b 3l Juolm s Ty 5500 Sl e Rl s 4 ki 5 STy b e an e Il e a5
IS 34 5bplen Ul 55 o ol i 5 Sy (slaes 32 b sl 1 sl g fiolis 31§l T3 bl S2alS 2o
BT raes o2 5 oy 4ol DL D 5 s Al 3 4 s St pn ¥ 0% G231 08 il 555 e sdalis 1Y

3y e sdaline Ll b o) oardis 5 S¥ aames il 53 il 3|

whlisee (slopygs duoyd b condig i Salys alls -\ Y JSCi
Figure 17- Net petrochemical income at different inflation rates.
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Figure 18- Average prices of petrochemical products from 2011 to 2023.
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Figure 19- Production capacity of petrochemical products from 2011 to 2023.
ooy (5 Osakes OF & 05 sedoe YA,V SR dlo g Coad VF Y Jlo slgsil 5o 1508 55 (candis 5 ol DY geaoes DI 5 Ol5e
)33 L9y [T] (Gl ooy 05 odee A0 /Y @ o5 s OF ) Sl adli e b 5o u@;?u o bl Ll o b b as - s)
oIl eortis 7y SV gmaes Sler D S (8 le ool el an s L5 oy Sl (b s ety lageizes )
Ol 53 Lsandis o Camins dnass digy 23315 a5 ol 1) ey o OV puams 355 5 Slpslos 5l ool alps iy 5 Slyss Cd
Gl G eamed 5 g sose (nl 4 4 pde Do 5o el Wb (aladl 2551 b OV geames A5 00185 4 05 5 4 4 5L GedkiangLl
L T s mel 5 Slidos o8 355 00 lgiden oplnly 355 axlpe LeT5s 0w b ol (SGes Conto ol (il 5 ST Cad

25 el paes 7o DV paame (B3] 0,28 1 e 5 ol 62,5055

(ool S B) A5 Blie 45 2550 00 (g samrsd (o2 5 038 4l (Sladls (Sl e s Slal 5 438 50050 Slas 50l 2 b
Lo aelst b Lol eagl 2abdl o5 adee 148 4 (VFYV e Jlu (slgl) szv;.fwmmbﬂ Sl B s o5 0sdes VIV VY 02 Lo slesl B sl
3L ST las psaeb a5 Sl (55 00 da 2l b ey am 5 b L[31] s 0l nd Glual 4 s ¥4 %0 5 Y A% Ol ool (godiaslis
33eg2 4 D5 0 3,50 55 ol 0 ds Doy adis Fy Camies )3 ) (Slaeay ptmen 5 oxion 5 e sl Slap b 3 0 S s

oled SLLE (KaS oy Clual 3o 5 St )l 3 Shos

&S aoms-0

ob;b,&,;yﬁﬁjgpour@\ Solwanls .;;bj’dp\\“Y GAYaAr Sleyasl o ol u@ﬁkwéibdk“e&-‘“ﬁkw‘
;Kxug;j.;o\);u;lyl} del 33 (S 3lwdde ol 53 .o A:éﬁ;))yw.:&b:iW,;.xcjjsszwk;mﬁ.,b;@”u@

.wldﬁ)\}@jsjyj@}g;&wjé;w}gﬂWjj}@éuwbc@o\};ﬁqﬁ

Care 55 G5 OV suamemog S ooled dlods VL 5wy Solwand 53 eslinal jshiea esls ha FO© 51 g (g ol o
L;)Lwd.ujSPSSJIJ.aIDU\ u.)LiL.»Hg ‘(JdJﬁTﬁQmﬁdb}’ .>).‘.o54.l.o.>-)‘) J-«J}S rJ&j.L«J}SM.l’yJa dhub\)ub@q ‘Jo.;»}ﬁ



(\f'f) Y GJLQ.:I(? )92

Yif VAY-Y 10 ami Slos 5o ol g 4.5)9."93 - o

Cowl 0l W)L:P‘j A.W.LLAA )}:\.S do:&j):.; Cxeo gféb 6\.&3.}\.} L 6)L.ud.b° )l J&l} @L’b Sl °Ji->)§ d.o\.a r.:.m..vj )‘Jﬁ‘r;v Br L;.J.LO
.L.ibda @L‘.'S dﬂ&\é Coenp odian(ylis S

SRl oS s e 0l gl Bl (s3ledhe V0 % 5 0% ¥ Yo V% o5 slades s ki 5 Sy S S o ) shateny
L;\Q}mp):ui.llj'él\%,mla.ﬂj:ﬂubq EYSP gy WELEINA SIS P NGNS RN EE S W Y/QQOJsLuL;IA_:i}MM%j\%)‘lr”S
N 0gdee o g dadlar 2l 53V % @V %0 Sl oo I L maean )13 oo a (pendis i T Sl b Y3 (scks YA 0L
L;u@;;w Soldpo,e b b 2l s a4 adSe 5 S claay a 21l (..o):l; dalys bl sl add edaline Lol 4 32
Coed ol 5 S Coad I L Olesen (g5 S35 VETo ¥l al Bl g (5 Gsdee 00 4 (5 Gsdee YA S Glal ot
534S 558 o olgly 1 Ll 0dis S Jsd LB us 3 endig s OV seamee g ;;\ﬁuch.«w}%y (g g DY sams
cors iy O geaes 5351 0,0 s 5 Aren it 5 o2 (Slaasli S 0 10 el (63,50 5L ST 50l 5 5 s iy

2 pdy e

LSJ‘J<"'L$"' c.Ju.)jJJ\ u:“’“ﬁ}:;ﬁ‘ L;L..GJ.) caJu)L»LsLAJMjLAJEJJULw)ﬂ@udﬁdf:)Jﬁwwdb@jdmjé)\

235

e cules>

103,55 3bitl allie cal e 55 53 o Cylam 9557 5§y 5
b cole>

5 3y e ) 53 pailin o5 S

&zl

[1] History, P. (2013). History and Structure of the National Petrochemical Industries Company. Petrochemical History. (In
Persian). Springer. https://www.nipc.ir

[2] Planning-NIPC. (2023). Planning and development in the petrochemical industry. Planning-NIPC. Springer. (In Persian).
https://planmanagement-en.nipc.ir

[3] Production support in the petrochemical industry. (2023). Production-NIPC. (In Persian). https://production-en.nipc.ir/

[4] Farmahini-Farahani, A., & Hadizadeh-Esfahani, A. (2017). Value chain: concepts, analysis, and application in development
and policymaking. Rozaneh. (In Persian). https://www.gisoom.com/book

[5] Inistry of Oil. (2023). Ministry of Oil, Monthly magazine on energy technologies. (In Persian). https://iies.mop.ir/

[6] Business Studies and Research Institute. (2020). Analyzing the value chain and presenting a package of policies to enhance
the competitiveness of the petrochemical industry in the country. (In Persian). https://itsr.ir

[7]1 Public Relation Publishment. (2023). Iran’s Petrochemical Yearbook 2010. (In Persian). https://www.iranoilgas.com/

[8] Farashah, V. H., Hosseini, S. H., Sazvar, Z., & Ganjavi, H. S. (2020). An investigation on the petrochemical industry

development in Iran: a system dynamics approach. International journal of energy technology and policy, 16(5-6), 493—
509. https://doi.org/10.1504/IJETP.2020.109312

[9] Forrester, J. W. (1994). System dynamics, systems thinking, and soft OR. System dynamics review, 10(2-3), 245-256.
https://onlinelibrary.wiley.com/doi/abs/10.1002/sdr.4260100211

[10] Sterman, J. D., & others. (2000). Systems thinking and modeling for a complex world. Management, 6(1), 7-17.
https://sa85c2e82e126a3ae.jimcontent.com/download/version/1360070105/module/6264585279/name/%E6%96%87%ES5
%AD%97BUSINESS_DYNAMICS.pdf

[11] Lababidi, H. M. S., Ahmed, M. A., Alatiqi, I. M., & Al-Enzi, A. F. (2004). Optimizing the supply chain of a petrochemical
company under uncertain operating and economic conditions. Industrial & engineering chemistry research, 43(1), 63-73.
https://pubs.acs.org/doi/abs/10.1021/ie030555d



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

(28]

[29]
[30]
[31]
[32]
[33]

[34]
[35]

e Stgh g3 kit 9 Ty55 395 O oS / o iam 5 puidn g | TV

Mashayekhi, A. N., & Ghili, S. (2010). System dynamics problem definition as an evolutionary process using ambiguity
concept [presentation]. Proceedings of the international system dynamics conference (Vol. 1157).
https://proceedings.systemdynamics.org/2010/proceed/papers/P1157.pdf

Bahrami, Z. (2007). Modeling and forecasting the price of petrochemical products: ammonia case study [Thesis] (University
Of Tehran - Faculty Of Economics). (In Persian). https://noordoc.ir/thesis/80473.

Khatiri, O. H. (2015). Studying the impact of a sustainable supply chain on company performance (case study: the country’s
petrochemical industry [Thesis PhD] (University Of Tehran. Farabi Campus Library). (In Persian).
https://lib.ut.ac.ir/site/catalogue/1316226.

Soltanian-Talakabadi, H., Mohger, A., & Sadeghi-Moghaddam, M. (2016). Analysis of petrochemical feedstock pricing
policy with dynamic systems approach. Industrial management perspective, 5(4), 59-78. (In Persian).
https://jimp.sbu.ac.ir/article_87243.html

Hosseini, S. H., Shakouri G, H., & Peighami, A. (2016). A conceptual framework for the oil market dynamics: A systems
approach. Energy exploration & exploitation, 34(2), 171-198.
https://journals.sagepub.com/doi/full/10.1177/0144598716631656

Hosseini, S. H., & Shakouri, H. (2016). A study on the future of unconventional oil development under different oil price
scenarios: A system dynamics approach. Energy policy, 91, 64—74. https://www.samamsystem.com/wp-
content/uploads/2019/03/samam_oil-development_1396-01-15 16-50_skhO1.pdf

Malysheva, T. V, Shinkevich, A. ., Ostanin, L. M., Zhandarova, L. F., Muzhzhavleva, T. V, & Kandrashina, E. A. (2018).
Organization challenges of competitive petrochemical products production. Revista espacios, 39(09).
https://www.revistaespacios.com/a18v39n09/18390928.html

Kwon, H., Do, T. N., & Kim, J. (2020). Comprehensive decision framework combining price prediction and production-
planning models for strategic operation of a petrochemical industry. Industrial \& engineering chemistry research, 59(25),
11610-11620. https://pubs.acs.org/doi/abs/10.1021/acs.iecr.0c01957

Shahidinia, S. N., & Mahnaz Hosseinzadeh, M. S. F. 3. (2021). Identifying and evaluating solutions to reduce the cost of
petrochemical products using a system dynamics approach. Research in production and operations management, 12(1),
103-124. (In Persian). https://doi.org/10.22108/jpom.2021.127075.1329

Speight, J. G. (2023). Thermal and catalytic processing in petroleum refining operations. CRC Press.
https://www.taylorfrancis.com/books/mono/10.1201/9781003184904/thermal-catalytic-processing-petroleum-refining-
operations-james-speight

Mostajerian, M., Daei-Karimzadeh, S., Dehghani, A., & Ghobadi, S. (2025). The constructional model of the effects of
pricing strategies on the exporting petrochemical products in Iran. International journal of nonlinear analysis and
applications, 16(2), 165-176. https://journals.semnan.ac.ir/article_8849_031ace23198854ddbe7b49c17f237b4b.pdf
Kazazi, A., Eftekhari Targhi, H., Amiri, M., & Ghazinouri, S. S. (2024). A model for Catch Up in Downstream Petrochemical
Industries in Iran. Iranian journal of oil and gas science and technology. https://doi.org/10.22050/ijogst.2024.457630.1711
Ghazanfari Shabankareh, M., Shesh Bulookii, A., & Kord, M. (2024). Examining the methods of converting the threats
caused by sanctions on Iran’s petrochemical industry to economic opportunities and investigating the growth rate of Iran’s
petrochemical industry during sanction. International journal of energy sector management, 18(6), 2357-2378.
https://doi.org/10.1108/1JESM-01-2024-0002

Farashah, V. H., Sazvar, Z., & Hosseini, S. H. (2021). A dynamic model to formulate effective capacity expansion policies
in Iranian petrochemical Industry to complete the value chain. Energy policy, 148, 111992. https://samamsystem.com/wp-
content/uploads/2020/11/1-s2.0-S0301421520307035-main.pdf

Mashayekhi Ali, N., Tahmash, M., & Fatemeh, Y. (2010). Dynamic analysis of petrochemical project progress-a system
dynamics approach. https://www.researchgate.net

Sterman, J. (2002). System Dynamics: systems thinking and modeling for a complex world.
https://dspace.mit.edu/bitstream/handle/1721.1/102741/esd-wp-2003-01.13.pdf

Cachon, G. P., & Swinney, R. (2011). The value of fast fashion: Quick response, enhanced design, and strategic consumer
behavior. Management science, 57(4), 778-795. https://faculty.wharton.upenn.edu/wp-content/uploads/2012/04/Cachon-
swinney-2011.pdf

Caldart, A. A., & Oliveira, F. (2010). Analysing industry profitability: A “complexity as cause” perspective. European
management journal, 28(2), 95-107. https://doi.org/10.1016/j.em].2009.04.004

NDF. (2023). National development fund of islamic republic of Iran. Performance Report of the currency facilities of
national development fund. (In Persian). https://en.ndf.ir/

Majlis. (2024). The-law-on-the-five-year-economic, the law on the five-year economic, cultural, and social development
plan for 1390-1402. (In Persian). https://rc.majlis.ir/fa/law/show/790196

The-Budget-Bill. (2023). The Budget Bill for the Iranian Year of 2011-2023. (In Persian). Elsevier. https://rc.majlis.ir
MOP. Ministry Of Petroleum, Research & Development. (In Persian). https://en.mop.ir
IIES. (2023). Inistitue for international energy studies. (In Persian). Elsevier. https://iies.mop.ir

TAPPICO. (2023). Tamin petroleum & petrochemical invesment co., in projects under development. Wiley Online Library.
(In Persian). https://www.tappico.com



