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PROPYLENE PRODUCTION TECHNOLOGY COMPARATIVE
ANALYSIS: ECONOMIC AND ENVIRONMENTAL ASPECTS

With the growing global demand for polymers, especially
polypropylene, propylene production technology is becoming of key
importance for the petrochemical industry. Propylene is the second most
important monomer after ethylene and is used in the production of a wide
range of products, from packaging materials to automotive components
and textile fibres. Given the trends of decarbonisation, circular economy
development and tightening of environmental standards (in particular,
within the framework of EU initiatives — CBAM, ESG, etc.), the choice
of technology with an optimal combination of economic efficiency and
environmental safety becomes critical.

In this paper, a comprehensive comparative analysis of four industrial
processes for propylene production: steam cracking, catalytic cracking
(FCC), propane dehydrogenation (PDH) and methanol-to-propylene
(MTP) technology is carried out. Such parameters as feedstock type,
product yield, capital and operating costs, carbon footprint, technological
maturity and prospects for implementation in Kazakhstan are considered.
Special attention is paid to resource availability (naphtha, propane, coal)
and current industrial projects in the country. Based on the analysis,
conclusions are drawn on the short-term and long-term feasibility of
introducing certain technologies.

Keywords: Propylene, Polypropylene, Carbon footprint,
Petrochemistry, Circular economy, Sustainable development, Process

efficiency
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Introduction

Propylene (CsHs) is central to the petrochemical synthesis chain as a key
precursor for a wide range of products. Analyses show that more than 60 % of the
world’s propylene is consumed in the production of polypropylene, a thermoplastic
polymer used in packaging (about 40 %), automotive (about 25 %) and textile
(about 15 %) applications [1].

Economic analysis of the market shows a steady growth in production:
according to IEA (2024), current global capacity exceeds 120 million tonnes/
year with pronounced regional differentiation (China 35 %, North America
25 %, Europe 15 %) [2].

At the same time, conventional production methods (steam cracking of
naphtha, FCC units) provide ~ 85 % of the volume, creating a dependence on
refining [3].

The relevance of a comprehensive analysis of propylene production
technologies is due to a number of key factors.

Sustained growth in global demand. Forecast estimates [2] indicate a steady
CAGR of 4.5 % to 2030, driven by the increasing use of polypropylene in ESG
packaging and composites [4].

According to KazStat data for 2023, propylene production in the country
amounted to 420 thousand tonnes. The main producers are: PO Polymir (Atyrau)
— 240 thousand tonnes/year; Kazakhstan Plastics Plant (Aktau) — 180 thousand
tonnes/year. At the same time, the country is heavily dependent on imports - about
65 % of its needs (700 thousand tonnes annually) are covered by supplies from:
Russia (40 % of imports); China (30 %); Middle East countries (30 %).

Stricter environmental requirements. The introduction of new environmental
standards (in particular, EU Directive 2019/904) requires revision of traditional
technological solutions. Energy-efficient and low-waste polymerisation methods
that comply with the principles of the circular economy are becoming particularly
important.

Reducing carbon footprint. The carbon footprint of conventional production
reaches 2.5-3.0 tonnes CO./t propylene (including Scope 3).

Tightening EU ETS and CBAM regulations incentivise the search for low-
carbon alternatives [5].

The study is of particular importance in the context of the implementation
of large petrochemical projects in Kazakhstan, where the choice of optimal
production technology will be a determining factor in their economic efficiency
and competitiveness in regional markets.
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Materials and Methods

Vapour-phase cracking (steam thermal cracking) is a process of thermal
decomposition of hydrocarbons in the presence of water vapour at high temperature
(750-900 °C) and short contact time. The main purpose of the process is to produce
valuable low molecular weight olefins, primarily ethylene and propylene, which
serve as key raw materials for the petrochemical and polymer industries.

Steam cracking remains the dominant method of propylene production,
accounting for about 60 % of global propylene output [6].

Key features: propylene yield varies from 15 % (gas feedstock) to 20 %
(liquid feedstock): energy intensity: 25-30 GJ/t propylene, which causes high
CO: emissions (about 2.5 t/t product).

The mechanism of vapour-phase cracking is based on free-radical chain
reaction. Under high temperature conditions, homolytic breaks of C-C and C-H
bonds occur, leading to the formation of radicals. The process includes stages of
initiation, chain growth and chain break [7]. The interaction of hydrocarbons with
steam reduces coking and stabilises the reaction medium.

The key advantages of the process are high selectivity to light olefins and
the ability to process a wide range of raw materials: from light paraffins to heavy
oil fractions.

Influence of parameters on the process. The main characteristics influencing
propylene yield and composition of reaction products are temperature, contact
time and dilution with steam.

Temperature has a direct effect on the depth of conversion of the feedstock.
With increasing temperature increases the degree of hydrocarbon cleavage and
yield of low molecular weight products, but excessive heating leads to the growth
of side reactions and coking of equipment [7].

The contact time determines the flow of both primary and secondary reactions.
Too short a time leads to incomplete conversion and excessive time leads to
degradation of valuable olefins [7].

Steam dilution reduces the partial pressure of hydrocarbons, inhibits coke
formation and increases the yield of light olefins. However, excess steam causes
an increase in heat losses and complicates the process scheme [§].

Catalytic cracking (CC) is a key process for secondary refining of petroleum
fractions to produce petrol, propylene, butylene and other light products. The
efficiency and selectivity of the process are determined by the type and properties
of the catalyst

Catalytic cracking catalysts are subdivided into:

- zeolite (USY, ZSM-5);

- aluminosilicate (with amorphous matrix);
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- heteropolyacid (at the research stage).

Zeolites Y and their modifications (ultra-stable Y - USY) are the basis of the
majority of modern FCC-catalysts due to their high thermostability and pronounced
acidity. Introduction of ZSM-5 zeolites allows to significantly increase propylene
yield due to microporous structure and enhanced power dehydrogenation.

Catalytic activity is determined by pore structure, acidity (Bransted/Lewis),
and distribution of active centres. The wide pores of Y zeolites allow access of
macromolecules and formation of petrol. At the same time, the narrow pores of
ZSM-5 (0.55 nm) restrict product growth, favouring the formation of small olefins,
particularly propylene ACS Material.

An increase in catalyst acidity is accompanied by: an increase in the cracking
reaction rate; an increase in the yield of Cs-Cs-olefins; and an increase in coke
formation [9].

The introduction of modifiers (e.g. phosphates, rare earth elements) allows
controlling the strength of acid centres and optimising selectivity.

To date, several industrial variants of FCC have been developed, differing
in purpose and equipment configuration:

- FCC (Fluid Catalytic Cracking or «circulating bed catalyst cracking») is
the most common industrial process for refining vacuum gas oil into gasoline and
propylene. The unit includes a reactor, regenerator and separation equipment. FCC
is mainly oriented to gasoline production, but with modification of catalysts and
mode it is possible to produce propylene;

- DCC (Deep Catalytic Cracking) is a technology oriented to obtain the
maximum amount of propylene and other light olefins. The main difference of DCC
is the use of catalysts with high acidity and the addition of zeolites ZSM-5 [10];

- Petro-FCC is a combined technology providing flexible petrol/propylene
ratio. It is used in petrochemical complexes oriented to raw materials for polymers.

To ensure stable operation of FCC sections it is important to control the
content of metals, sulphur and aromatics index of feedstock.

Current approaches to process intensification are aimed at:

- adding ZSM-5 zeolites to FCC catalysts;

- reducing the contact time (less than 2 seconds) and increasing the reactor
temperature (up to 550 °C);

- optimisation of catalyst regeneration rate (reduction of coke formation);

- introduction of hybrid FCC/DCC systems.

Key technologies:

- UOP (PetroFCC process with 18-22 % propylene fraction);

- Shell (modification of catalysts for heavy feedstocks).
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Propane dehydrogenation (PDH - Propane Dehydrogenation). Propane
dehydrogenation (PDH) is the direct conversion of propane (CsHs) to propylene
(CsHs) with the release of hydrogen. This is an endothermic reaction requiring
high temperature (550-700 °C):

C3Hg = C3Hy + Hy; AH = +124 x/lx/Monb

Propane dehydrogenation (PDH) is the second largest producer of propylene
after steam cracking, accounting for about 10 % of global output [1]. Two
technologies dominate the industry: Oleflex™ (UOP) and Catofin® (Lummus
Technology). Both technologies have become widespread due to the increasing
demand for propylene and the surplus of cheap propane, especially in countries
with developed liquefied natural gas (LNG) production.

Advantages of PDH technology:

- high propylene selectivity: up to 90-93 % depending on the technology
and conditions;

- product purity: the propylene produced has a high degree of purity (more
than 99 %), which reduces the need for additional purification;

- Independence from oil streams: PDH processes allow diversification of
propylene production, reducing dependence on catalytic cracking and pyrolysis;

- modularity and scalability of plants, and the possibility of integration with
LNG infrastructure.

Despite the advantages, PDH technologies have limitations:

- energy consumption of the process: the endothermic nature of the reaction
requires significant energy input;

- coking of catalysts: formation of carbonaceous deposits reduces activity
and requires regular regeneration;

- Dependence on propane prices: the profitability of PDH processes is
sensitive to the propane/propylene price ratio. When propane prices are high
and propylene prices decrease, the economic efficiency of the process drops
dramatically;

- environmental challenges: especially when using chromium-containing
catalysts (toxicity, waste disposal).

Methanol-to-Propylene (MTP — Methanol-to-Propylene). The Methanol-to-
Propylene (MTP) process is the catalytic conversion of methanol to propylene using
microporous zeolite catalysts (mainly SAPO-34 or ZSM-5) at high temperature
(400-500 °C). It is one of the Methanol-to-Olefins (MTO) technology orientated
predominantly towards propylene production, in contrast to the classical MTO
giving a mixture of ethylene and propylene [11].
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The main industrial solution, the Lurgi MTP technology developed by Air
Liquide/Lurgi, is an integrated scheme for processing methanol into predominantly
propylene, with high selectivity (up to 80 %).

The Lurgi MTP process involves three main steps:

- Dehydration of methanol to dimethyl ether (DME);

- acid-catalytic conversion of the methanol/DME mixture into light olefins
(mainly propylene) using a zeolite catalyst;

- separation of products and extraction of high purity propylene.

The technology operates at 400—500 °C and 1-3 bar pressure using modified
ZSM-5 zeolites, resulting in high propylene yields and minimal by-product
yields [12].

Key features:

- Propylene yield: ~70 % of total olefins [1];

- by-products: petrol (15-20 %), light gases (C1-C2) [13].

Disadvantages of the technology:

- High capital costs;

- environmental risks: Carbon footprint of MTP on coal more than 4 t CO-/t
propylene [14].

Results and Discussion

To objectively assess the technologies, key parameters were identified: raw
material base (oil/gas/coal); propylene yield (% of raw material); capital costs
($/t capacity); environmental friendliness (t CO-/t product); production flexibility;
technological maturity. The data are summarised in Table 1.

Table 1 — Summary table of the analysis

Criterion Steam Cracking Fluid Catalytic Propane Methanol-to-
Cracking (FCC) Dehydrogenation Propylene (MTP)
(PDH)
Feedstock Naphtha, gas oil Vacuum gas oil Propane Coal / natural gas
Propylene yield 15-20 % 18-25% 85-90 % 65-70 %
Capital expenditures |~ $1.8-2.2 billion $1.2-1.5 billion $1.5-1.8 billion $2.5-3.0 billion
(CAPEX) /1Mt /1Mt /1Mt /1Mt
Operating expenses $350-400/t $300-350/t $400-450 /t $450-550/t
(OPEX)
Carbon footprint 2.5-3.0tCO:2/t 1.8-22tCO:2/t 1.2-1.5tCO:2/t 4.0+t CO2/ t (coal-
based)
Feedstock in 70 % imported Domestic gas oil Propane deficit Coal surplus
Kazakhstan naphtha (60% imported)
Payback period 7-9 years 5-7 years 6-8 years 10+ years
Technological High High Medium Low
maturity
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Prospects in Atyrau Refinery Development at «KazPropylene» -
Kazakhstan modernization Pavlodar Refinery project (Aktau)

At present, for the short-term perspective the most economically feasible
development of catalytic cracking (FCC) with modernisation of existing refining
capacities, in particular at Pavlodar refinery.

Also, propane dehydrogenation (PDH), despite the current shortage of
feedstock, is of interest due to plans to increase propane production at the Kashagan
and Tengiz fields.

MTP technology, despite its high capital costs ($2.5-3.0 bn/1Mt) and long
payback period (10 years), should be considered as a strategic option for monetising
Ekibastuz Basin coal reserves, especially if carbon capture technologies (CCS)
are introduced.

PDH and FCC have a significant carbon footprint advantage (1.2-2.2 t CO2/t
propylene) over MTP (>4 t CO»/t), which is in line with global decarbonisation
trends. However, MTP can become competitive if green methanol and CCS
technologies are utilised.

Conclusions

The comparative analysis of propylene production technologies shows that
each of them has its own economic and environmental advantages and limitations,
which depend significantly on the raw material base, level of technological maturity
and regional conditions. In the short term, the development of catalytic cracking
technology (FCC) is of the greatest practical value for Kazakhstan, especially given
the possibility of modernising existing facilities (e.g. at the Pavlodar refinery),
as well as the prospective expansion of propane dehydrogenation technology
(PDH) based on the expected growth in propane production at the Kashagan and
Tengiz fields.

At the same time, methanol-to-propylene (MTP) technology, despite its
high capital costs and long payback period, can be considered as a strategic
option for deep coal processing in the Ekibastuz basin, provided that CO-
capture and utilisation (CCS) technologies and the use of ‘green’ methanol are
implemented. Given the global trends towards carbon footprint reduction, FCC
and PDH technologies have the greatest potential for sustainable development
in the petrochemical sector of Kazakhstan, provided that energy efficiency and
environmental safety are improved.
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*1. /1. MyHcoizos

«Kommnanus Heprexum LTDy» XKIIC,
Kazaxcran Pecrrybmkacer, [1aBnomap K.
15.02.25 . 6acnara TYCTI.

20.02.25 x. Ty3eTynaepiMeH TYCTI.

01.03.25 >x. OacsIm msIFapyra KaObUTTaH B

MIPOIIUJIEH OHAIPY TEXHOJIOI'UAJIAPBIHBIH
CAJIBICTBIPMAJIBI TAJTJAYbI: 9KOHOMUKAJIBIK KOHE
IKOJOTI'UANBIK ACIIEKTIJIEPT

Ilonumepnepee, ocipece nonunponuienze oezen dcahanouly
cypanvicmbly ocyi xca20atvlHod nponuieH OHOIpy MexHON02UACYL
MYHQU-XUMUS OHEPKOCIOl Yuwlin cmpameusiiblk Mayblzea ue 00ayoaq.
Ilponunren — smunennen Keuinei eKiHWiI MAHbBI30bI MOHOMED, O
Kanmamanvlk mamepuaioapoan oacman agmoKoMnOHeHmmep MeH
MOKbIMA MATUWBIKMAPLIHA OelliHel KeH ayKblMObl eHIiMOepdi eHOIpyoe
KOM0anwliaovl. Jekapbonusayusi, auHaiMaibl SKOHOMUKAHBL OaMbINY
JHCOHE IKONI02UANBIK cmanoapmmapovly (acipece EO-noiy CBAM, ESG
JIcOHe backa bacmamanapsl ascbiHOa) Kamanoawy ypoicmepin eckepe
OMbIPLIN, IKOHOMUKATILIK MUIMOLNI2] MeH IKOI02UANbIK KAYIncizoiel
OYMAUIbl MEXHOIO2UAHBL MAHOAY aca 03eKmi OObIN OMbIP.

byn maxanaoa nponunen endipyoiy mepm Hecizei 6HepKOCINMIK
npoyecine KeuleHol CanblCmulpMaibl Maiday xHcypeiziieen: 0y KpeKuei,
kamanumuxanwi kpekune (FCC), nponanovl oecuopney (PDH) orcone
memarnonoan nponuner ary (MTP) mexnonozuscol. Op mexHonio2us
OOUBIHWA WUKIZAM MYPI, OHIM WbI2bIMbL, KypOeli JHcoHe a2blmMOdzbl
UWBI2LIHOAD, KOMIPMEK 131, MEXHOL02USIbIK dcemineeHOik dcone Kazakeman
Jrcaz0aiiviHoa eneizy Mymkinoikmepi Kapacmoipuviizan. Conoati-ax
OMAHOBIK pecypc bazacvlna (Hagma, NPonam, Kemip) HcoHe iCKe acbiPbLIbIN
arcamran gHcodanapaa Hazap ayoapwiiean. JKypeizineen manoay Hezizinoe
Jicexenezer MexHON0UANAPObL KbLCKA JCOHE Y3aK Mep3iMOi nepcnekmuead
KOJOAHYObIH OPbIHObLIbI2bL OA2ANAHAObI.

Kinmmi ce30ep: nponunen, norunponuieH, Kemipmex i3i, MyHaui-
XUMUSL OHEPKOCIOL, YUPKYIAPIbL IKOHOMUKA, MYPAKMbl 0dMY, YOepicmin
oHepeus muimoiniei
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*1. /I. MyHcoizos

TOO «Kommanus Hedrexum LTDy,
Pecny6iinka Kazaxcran, 1. [TaBmomap.
IMoctynumno B penakumio 15.02.25.
IHoctynuino ¢ ucnpasnenusimu 20.02.25.
IIpunsTo B neuars 01.03.25.

CPABHMTEJIbHBIN AHAJIN3 TEXHOJIOT U
MPOU3BOJACTBA IMPOIMMJIEHA: DKOHOMMNYECKHUE
N OKOJIOI'MYECKHUE ACHHEKTbBI

B ycnosusix pacmywezo 2nobansno2o cnpoca Ha noauMepbl, 0cOOeHHO
NOJUNPONUNEH, MEeXHOI02UA NOAYUEeHUs NPOnuiIend npuoobpemaem
KII04egoe 3Hauenue 05 Hegpmexumuieckou npomviuiennocmu. [ponunen
A61AeMCs 6MOPLIM NO 3HAYUMOCINU MOHOMEPOM NOCAe dIMUieHd U
UCNONIL3YEMCsL 8 NPOU3BOOCHEE WUPOKO2O CNEKMPA NPOOYKYUU: Om
VRAKOBOUHLIX MAMEPUAN08 00 ABMOKOMNOHEHMOE U MeKCMUiIbHO20
sonokua. C yuémom menoenyui 0ekapooHu3ayul, paseumus YupKyIapHou
IKOHOMUKU U YHCECHOYECHUS IKOTOLUYECKUX CIMAHOAPMO8 (8 HaCMHOCMU,
6 pamkax unuyuamue EC — CBAM, ESG u 0p.), eévibop mexuonoeuu
C ONMUMANLHBIM COYEeMaHUuemM dKOHOMUYecKol ¢ exmusnocmu u
9KON02UYECKOU OE30NACHOCIU CIAHOBUMCS KPUMUYECKU GANCHBIM.

B oannoii cmamee nposedén ececmoponnuii cpagHUmMenbHbill AHAIU3
UembIPEX NPOMBIULIEHHBIX NPOYECCO8 NOLYYEHUsl NPONUNEHA: NAPOBO2O
Kpekurea, kamanumuyeckozo kpekurea (FCC), 0oecudpuposanus nponana
(PDH) u mexnonoeuu memanon-e-nponuiern (MTP). Paccmompensi
maxue napamempsi, KAk Mun Colpbsl, 8b1X00 NPOOYKMd, KANUMALbHblE U
onepayuoHHbLe 3ampamol, y2nepoOHblil Cled, MEXHON02ULEeCKAs 3PEN0CTb
u nepcnexmugul gnedpenus 6 ycrosusax Kazaxcmana. Ocoboe snumanue
yOeneHo pecypcHoll 00CmynHocmu (Haghma, nponaw, y2ois) u mekyuum
NPOMBIUACHHBIM npoekmam cmpanvl. Ha ocnosanuu ananuza coenarvl
8b1800bI 0 KPAMKOCPOUHOU U 00I20CPOUHOU YENeCO0OPAZHOCIU 6HEOPeHUs
0MOeNbHBIX MEXHOIO2UM.

Kntouesvie crnosa: nponunen, noiunponuiet, yenepoounbiii cieo,
Heghmexumus, YupkKyiapHas IKOHOMUKA, YCMOUYUoe pazeumue,
9Hep2odhhexmusHocms npoyecca
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Tepyre 12.03.2025 . xi6epinmi. bacyra 26.03.2025 x. K071 KOWBUIIHI.
DneKTpoH B! Oacta
3,89 Mb RAM
lapTTer 6acna Tabars! 12,72.
Tapanbever 300 mana. barackr kemiciM OOWBIHIIIA.
Kommsrotepne 6erreren A. K. Temupranunosa
Koppexkropnap: A. P. Omaposa, JI. A. Koxac
Tanceipsic Ne 4390

Cnano B Habop 12.03.2025 r. [Tognucano B meuats 26.03.2025 1.
DIIEKTPOHHOE U3AaHUE

3,89 Mb RAM
Ven oo 12,72, Tupax 300 ok3. Lena gqoroBopHast.
Kommnsrotepnas Bepctka A. K. Temupranunosa
Koppextopsi: A. P. Omaposa, /1. A. Koxac
3aka3 Ne 4390
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