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Article type: In the volatile and complex environment of global energy markets, making optimal
Rr |cehy£e. investment decisions requires a deep understanding of the value chain and the
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be directed through pathways that generate the highest long-term value. This study
focuses on a key segment of the natural gas value chain—the methanol-to-olefins
(MTO) route—and evaluates the economic and strategic feasibility of two main
options: (1) establishing a domestic MTO plant, and (2) exporting methanol for toll-
based olefin production abroad.Using financial modeling based on three operational
scenarios, the findings reveal that none of the proposed options meet the minimum
expected internal rate of return (IRR) of 15%. High operating expenses,
technological inefficiencies, and a lack of competitive feedstock pricing are
identified as major barriers to economic viability. The toll-processing model—
defined as outsourcing methanol conversion to olefins under a service-fee
agreement—also fails to deliver acceptable returns under typical conditions. The
study concludes that MTO projects are not financially attractive under current

market dynamics. Therefore, the strategic focus should shift toward extended value
chain models such as GTO" and MTO", which integrate downstream production of
higher-value petrochemical products. These approaches, supported by innovative
financing structures and collaborative investment models, are essential for creating
sustainable value from natural gas resources.
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Introduction

The growing volatility in global energy markets has intensified the need for strategic, value-driven
investments, particularly in the upstream and midstream sectors of the petrochemical industry. In this
context, natural gas—especially its conversion into value-added downstream products—plays a
pivotal role in ensuring economic resilience and minimizing dependency on raw exports. Iran, with a
surplus of methanol production capacity, faces an urgent need to expand its value chain to avoid the
adverse consequences of market saturation and low-value exports. This study investigates feasible
pathways for extending the methanol value chain by evaluating the economic and strategic viability of
converting methanol into light olefins via Methanol-to-Olefins (MTQO) processes.
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Materials and Methods

This research adopts a descriptive-analytical approach using library studies, techno-economic
modeling, and financial scenario analysis. Three operational scenarios are explored: (1) constructing a
new MTO unit alongside a methanol plant (GTO integration), (2) acquiring and reassembling a
second-hand MTO unit from China, and (3) toll manufacturing of olefins by exporting methanol to a
Chinese MTO complex. Key data such as capital expenditure (CAPEX), operational expenditure
(OPEX), feedstock price, product yield, and prevailing global market rates were compiled from
domestic and international sources. The financial performance of each scenario was assessed using
Net Present Value (NPV) and Internal Rate of Return (IRR), with a discount rate of 15%, a
construction period of 3.5 years, and a 15-year operational horizon.

Results

The findings indicate that none of the evaluated scenarios meet the expected investment return
threshold of 15%. In the first scenario, despite technological integration and proximity of upstream
and downstream units, the IRR remains below 10% due to high investment costs and the lack of
feedstock pricing advantages. The second scenario involving a second-hand MTO unit demonstrated
even lower profitability due to reduced conversion efficiency, higher maintenance and operational
costs, and outdated technology. The third scenario, which involves outsourcing the olefin production
via tolling agreements, showed relatively lower investment risk, but also failed to deliver sufficient
returns. The IRR under this model reached a maximum of 7% assuming favorable fee agreements.
Only under highly optimistic conditions—such as reducing tolling fees below $30 per ton of
methanol—would the IRR approach the acceptable range, which appears unlikely given the high
operational costs on the Chinese side.

Discussion and Conclusion

The analysis suggests that constructing or acquiring standalone MTO units, even under integrated
GTO structures, cannot fulfill the profitability expectations of investors under current economic and
operational constraints. High CAPEX, operational inefficiencies, volatile product markets, and lack of
feedstock subsidies collectively undermine project viability. Consequently, strategic focus must shift
towards more comprehensive downstream integration models such as GTO+ and MTO+, which
involve further processing of olefins into high-value petrochemical products. Such approaches,
coupled with modern partnership models, may unlock higher margins and ensure economic
sustainability. Future studies should investigate deeper techno-economic assessments and policy
incentives required to support the development of extended value chains in the petrochemical sector.
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1. Methanol-To-Olefins (MTO)
2. Second hand MTO
3. Gas-To-Olefins (GTO)
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1. Natural Gas Liquids (NGL)
2. Liquefied Petroleum Gas (LPG)
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1. Dalian Institute of Chemical Physics
2. (Sinopec)

3. Tsinghua University

4. ExxonMobil



Sl 3 e | S)s) g oz VLI 3 it UOP Lol s59n oyl 55 sddices wlelidl ey e s b

D S5 5 oS 455 lad bl ccunl ipind Sl 5 olas cilises (olaysiS 5 MTO Lise ,0 g S ayle s dn 5] iiin

5 b oo ST Y XYY YY 05L 0 1o > Y/ 4 Y YY=Y VA 554 10 0oy £/F SIMTOIMTP Ly &5 o o0l oyl

st Ogman (blio o Jlo ol b sy 5 & Jaitmo itz ol d03 (b o2 5 S 59 533k ol a8 6 e

Olge 4 olpl dlen jl Wloygls dilaio ohigtr 5 (Jlod 050l chin 584t (398l 5 slo dler ) Lol 5,

Oloe & baes basly cpl o)lse cpl 51 gyl j3 i ja s ke MTO slaasly il (gly 0sdlly (slaais 5§
S oo Jos (Jglie & ) GTO slaojyyy (swdimly sloe s

160.0 100%
@ Forecast
= 140.0 | s0%
'S 1200 - |
5 1000 gl F o g
5 : S (- 60% =
< 800 wm ™ m ™ ...lll- ™ =
= 0.0 | ] . . . . ______ = = 40% ®
® womEoEmmm=-==-= :
400 = - 20% o
SERRRRUNNRE
0.0 0%
18 19 20 21 22 23 24 25 26 27 28 33 40 50
m— Formaldehyde (0.8/3.6) — Acetic Acid (2.1/4.4)
MTBE/TAME (2.0/0.1) — |lcthy] Methacryiate (0.6/2.0)
m—— Gasoline Blending (-2.4/1.9) Biodiesel (5.7/1.5)
Dimethyl Ether (-3.7/3.2) m— lethylamines (3.4/2.9)
Chioromethanes (1.6/1.0) — MTOMTP (6.4/3.5)
Solvents (1.1/3.1) e Others/DMT (7.6/3.1)
Operating Rate

(% AAGR =18-23/23-33)
Source: Chemical Market Analytics by OPIS © 2024 Ol Price Information Service, LLC.

[YY] Yoo 381U Jplie Sloa LW o vt .0 JSWI

2l S5 oy 2)90 MTO )3 gjlae slacsiglgisS aalsl )

DMTO 555955
ik j il 4Bl drwgs MTO a51)8 5ome jaduo (gl (g3axi0 (60 4 005 5 (5)b0 (slagy0lid copa jouiS 5o
fuunsye Lo St & 3,5 0,L3l DMTO-III 5 (DMTO-I1) | asiblis,) DMTODMTO-| & s oo lacssié ol
5 DMTO-| 505 53 15 6518 ol (955 B 5hibly doogs (DICP) iy pole oadlST 41 Al SUls Looss 5 S
M5 ey Jolie Gyme e DMTO-I (opgld it b 93 cConl oy (gjlcs o A po 4 DMTO-I
Slygd ¢35 (omimed .l a8l J1alS o5 VIV B Y/E dqus 4 L4 bls @V guamme C8bil o irlgn 5 ol o5 S
Lo cpl @0 50l G381 Jlo 3 (5 odeo ¥ B 0ilg5 o oS Ty0 518 )3 pio VY g yhad b Jlw yin )98T) SO sl Joilie
uwbsl ooy |y S Oﬁ‘a‘ o )l)‘.m oy g eSS g (gl SO g AVl 2o J.:z,b& & DMTO-III J.>|9 S5 &
x5l cnl & bguye sagiolel o pole (03T o5 ¥V Jlo 5 8 W5 (CAPEX) ol gyl aylopr &y i
2 e (5515 Wl iy cdli jemme FeVe Jlo bl b sl bl a o5 Ve s AVl e )b b ialel sy S g9,
DMTO- 15148 . Cuwl sy (g3 0 40 Al yo 4 (5,5L8 pl L slasls )l T 05;5 b Ll s yolo DMTO-1H 5 )4l8
r LDMTO-I zaz 5519).3 DMTO-II J.ul)ﬁ 0l 030> olis £ S 0 &S jobyler g 039 UOP Alil)é Gl Lol 11

1. Universal Oil Products (UOP)
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3. Olefins Conversion Technology
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1. Compressed Natural Gas (CNG)
2. Liquefied Natural Gas (LNG)

3. Dimethyl- Ether (DME)

4. Gas- To- Liquid (GTL)
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1. Net Present Value (NPV)
2. Internal Rate Of Return (IRR)
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