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ABSTRACT

Research Subject: ldentifying and evaluating investment opportunities across the entire network of Iranian petrochemical units is of particular
importance for developing the petrochemical industry's value chain, maximizing added value, and ensuring the optimal use of oil and gas resources.

Research Approach: The purpose of this research is to create a mathematical model to identify and evaluate investment opportunities by analyzing
technical and economic-financial data of process units active in the Iranian petrochemical industry. This tool can process a large volume of information
in a limited time and with acceptable accuracy and provide the desired output. Process information of petrochemical complexes, including operational
units, production and consumption of materials, technologies used, and prices of raw materials and products, is the main data that form the basis for
preparing mathematical models. In addition to process units, environmental variables affecting the system, along with their effect on the model, are also
modeled and integrated with the network of process units.

Main Results: By creating a model and performing the simulation process, the various outputs of the system include: technical and economic-financial
analysis, estimation of investment costs of process units, sensitivity analysis of the network of process units to technical and economic parameters and
variables such as feed and product prices, as well as the operational capacity of process units. For example, to validate the simulator outputs, the actual
data of the Amirkabir Petrochemical Complex were compared with the outputs obtained from the simulator, and accordingly, the error rate of the
simulator was estimated to be 3.36 percent in the estimation of the production rate of main products and 22 percent in the estimation of the production
rate of by-products. Finally, based on the simulator outputs, investment opportunities in the value chain of the Iranian petrochemical industry were
identified, evaluated, and validated, and on this basis, the establishment of a methanol-to-olefin (MTO) conversion unit was introduced as a valid
investment opportunity in the downstream part of the methanol value chain.
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Maodeling and simulation the
network of process units based on
object-oriented programming

User: Input

Data Base
(Technical and Financial-Economic Data)

.

Definition

Class: Iran's industry
With specific parameters and functions

.

Calculation of Technical and
financial_economic parameters

]

creation of 179 Objects (process units) of Iran’s

O s e SO

industry class

Object: oObject: | ____. Object:
Process Unit 1 Process Unit 2 Pracess Unit 179
e i_ ____________________
Output

chemicals price
(Training data for the linear regressian)

Data
Base

Material price modeling and

creation of production and

consumption material price
network in process units

Linear modeling of material prices
(using linear regression)

(¥ =ag +a, X, +azX; +-)

Pricenagnts = 84114 X Pricegy + 27.82

¥
Connecting the price model of materials based on
the placement of materials in the value chain

L]
Create a material price network

| oil price (One ortrend) |

|_ Gas price (One or trend) |

Price (One or trend)
of all chemicals
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Figure 1 Integrated process and economic-financial modeling and simu

lation of the network of process units and the price network of chemicals

Data Base

|

‘ Creation of 179 objects (process units) of Iran's petrochemical industry class ‘

!

consumption material

Creating a balance tables based on production and

s in each process unit (object) ‘

Material

/ balance sheet
. or
\;ost/ Income

alance sheet?

Material balance sheet

Balance table of Positive

export materials ‘\

~

~Materials with ™
/ positive ~ Negative
< or »|

. balance?“‘/

Balance table of
imported materials

—

negative

Choosing three materials that have
» more quantities and are among
commodity and intermediate products

}—.

Comparing the profitability of operating
units of selected materials and choosing
the material that has the lowest profit.

The amount of production, consumption
and export (production - consumption =
export) of the selected material in the
country (using the material balance table)

Estimation of the price and profit margin of the
units producing the selected material in the
country in optimistic and pessimistic scenarios
of oil and gas prices in a period of 12 months.

Examining possible options for
creating new units to complete the
selected material value chain

P_.

Evaluation of possible options based on the following
financial-economic parameters during a period of 12
months according to oil and gas price fluctuations.

IRR NPV

Profit| TFC

Production cost

Choosing the right option
(based on financial and
economic parameters) to
complete the selected
material value chainin Iran
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Figure 2 Steps to evaluate investment opportunities in the value chain of Iran's petrochemical industry
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Figure 3 Schematic of the network of process units of Amirkabir
Petrochemical Complex
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Table 1 The balance table of the network of process units of
Amirkabir Petrochemical Complex (some additive chemicals and

consumable catalysts of Amirkabir Petrochemical Complex have
been removed from this table.)

ROW Unit |[Complex Olefin Unit Butadiene Extraction Unit Butene-1Unit HDPE Unit LLDPE Unit LDPE Unit
Nominal Capacity KTPA 520 51 2 140 260 300
Butadiene KTPA [51 51

Butadiene Raffinate KTPA [50.0004 50.0004

Butanes KTPA [-117 A

Butene-1 KTPA |23 20 5194 12506

C4 fractions KTPA |-0.9988 104 -104.9988

C4 raffinate 2 KTPA 40895 = -408.98

5 product KTPA |21.008 | 21008

C6 fractions KTPA |17 17

Ethane KTPA 233012 | -233012

Ethylene KTPA [-213.348 520 217 14434 255008 3123
Fueloll KTPA [23.504 23504

High-density polyethylene KTPA [140 140

Hydrogen (KG) KTPA |34.008 34.008

Light end credit KTPA 350012 | -380012

Linear low-density polyethylene| KTPA (260 260

Liquefied petroleum gas KTPA |39 -39

Low-density polyethylene KTPA (300 300
Methanol KTPA |63 43

Propane KTPA |-0.936 -0.93%

Propylene (Chemical grade)  |KTPA [-1.1662 -1.1662

Propylene (Polymer grade) | KTPA (154024 | 154.024

Pyrolysis gasoline KTPA [134004 | 134004
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Table 3 Comparison of profit margin of process units producing
ammonia, methanol and ethylene chloride

(Oil price unit: $/Barrel, Gas price unit: $/Mmbtu=0.0353$/Nm3)

OilPriceTrend 7347 7395 685 7503 8357 6618 7521 8815 9572 1002 1046 1146
GasPriceTrend 3914 4377 5867 5426 4567 373 4874 4402 5642 7244 T 8145

Ammonia Unit / Capacity: 680 KTPA / Pardis Petrochemical Co. (Unit: ¢/KG)

ProductValue 2452 2422 2325 2354 2410 2464 2390 2421 2340 235 251 77
ProductCost 4985 5575 7473 6911 5817 4751 6208 5607 7186 9226 8916 1037
ProfitMargin 2532 3152 5147 4557 3406 2286 3817 3186 4846 6991 6664 8197

Methanol Unit / Capacity: 1000 KTPA / Fanavaran Petrochemical Co. (Unit: ¢/KG)

ProductValue 1256 1325 1546 1481 1353 1229 1399 1329 1513 1751 1714 1884
ProductCost 1600 1679 1811 1857 1875 1446 1776 1930 2249 2572 2611 2959
ProfitMargin 344 354 264 376 522 217 318 601 737 82 897 1074

Ethylene dichloride Unit / Capacity: 890 KTPA / Arvand Petrochemical Co.  (Unit: ¢/KG)

Product Value ~ 76.67 7669 7651 7672 7700 7643 7673 7716 7741 7156 7770 7803
Product Cost  189.1 1892 1880 1894 1913 1875 1895 1922 1938 1948 1958 1979
ProfitMargin 1127 1125 1115 1127 1142 1111 1127 1151 1164 1173 1181 1199
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Table 2 Comparing simulator outputs with actual production and
sales volumes of Amirkabir Petrochemical Company, published in
the financial statements of the financial year ending 12/30/2019

[25]
Product NM;I‘I:I::I!:::HW Mominal Capacity ~ Simulator Error Onem?i:::r?;;atiw Operational Capacity  Simulator Error

Linear Low Densty Polyethylene %0 %0 0% 16413 1413 0%
Heavy polyethylene 140 140 0% 1285613 128613 0%
Propylene 15404 154 0016% 103876 109524 5.157%
Pyrolsis gasoline 134004 134200 0.146% 90374 120485 21.991%
Low Density Polyethylene 300 300 0% 135337 85337 0%
Butadiene 51 51 0% 7631 17631 0%
Reffinate butediene 50.0004 5 3848% 27088 41958 35439%
Hydrogen 340080 k) 0024% 09% 073 -10621%
Ethylene 50 50 0% 350.698 35069 0%
Butene-1 0 0 0% 033 0323 0%
Chsection 104 104600 0574% 70133 11263 1517%
Liguid fuel 135040 13400 D444% 15851 19715 19715%
Total 1,790.5404 1,793.200 . 1,356,989 1410404
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Table 5 Comparison of fixed investment volume of selected units

Methanol to Olefins (MTO) Unit / Capacity: 250 KTPA / Unit: Million Doller

TFC 550.396 BLI 230568 | OffSite  319.827

Methanol to Ethanol (MTE) Unit / Capacity: 100 KTPA / Unit: Million Doller

TFC 105.146 BLI 79.625 Off Site 25521
Methylamine Unit / Capacity: 50 KTPA / Unit: Million Doller

TFC 76.188 BLI 30.862 | Off Site 45.325
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Table 6 Comparison of the internal rate of return on investment
(IRR) of selected units

OlPriceTrend | 734 7395 685 7503 BT 6618 52 8815 B 1002 146 1146

GasPriceTrend | 3914 4377 5867 5406 4567 37 4874 4400 SER T2 T 815

Internal Rate of Retur (IR (Percentage %/

WO o 3% 3% W% % B O M BN % M B
MIE g% 1% 1% 1% W% 0% % A% % 3% 3% 3

Mettlmie | g% m o wk 0% % M 1% 8% S% M% 0%
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Table 4 Investigating the profitability and profit margins of

Fanavaran and Kaveh petrochemicals based on the scenario of oil
and gas price changes

OilPriceTrend | 7347 7395 685 7503 8357 6618 7521 8815 9572 1002 1046 146

GasPriceTrend | 3914 4377 5867 546 4567 373 4874 4402 56 TMA T 815

MethanolCost | 2452 2422 2325 2354 2410 2464 2390 2421 240 235 251 U7

Methanol Unit / Capacity: 2310 KTPA | Kaveh PetrachemicalCo. (Unit: ¢/K6)

PoductVale | 1283 1337 1502 1460 1360 1261 13% 1340 148 1674 1645 1779
Margin 3176 3418 2984 3%7 515 1845 3808 5895 7637 8981 9663 1179
Profit (10Milion $fyr) | 1708 1734 1534 1790 2122 1413 1790 2304 2624 2827 3001 3416

Methanol Unit / Capacity: 1000 KTPA / Fanavaran Petrochemical Co. (Unit: ¢/KG)

PoductValue | 125 1325 1546 1481 1353 1229 1399 1319 1513 1751 1714 1884
Margin 3443 3542 2645 3765 5220 2170 3777 6010 7367 8213 8571 1074
Profit(10Milion$fyr) | 83 84 75 862 1008 703 864 1087 1213 BOT B8 1540
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Table 9 Production costs of MTE unit

Oil Price Trend | 7347 7395 685 7503 8357 66.18 7521 8815 9572 1002 1046 1146

GasPriceTrend | 3.914 4377 5867 5426 4567 373 4874 4402 5642 7.244 7 8.145

Methanol to Ethanol (MTE) Unit / Capacity: 100 KTPA / Unit: ¢/KG

Feedstocks Costs | 1479 1571 17.76 17.80 1732 1350 1680 17.61 20.89 2445 2458 28.00

By Products

Costs 000 000 000 000 000 000 000 000 000 000 000 000

Catalysts

f 297 297 297 297 297 297 297 297 297 297 297 297
Chemicals Costs

Utilities Costs | 18.24 1824 1824 1824 1824 1824 1824 1824 1824 1824 1824 1824

Variable Costs | 36.01 36.93 3898 39.01 3853 3472 3801 3883 4211 4567 4579 4921

Labor Costs 124 124 124 124 124 124 124 124 124 124 124 124

Total Direct

Costs 39.09 4001 4206 4209 4162 3780 4110 4191 4519 4875 4887 5229

Plant Cash Costs | 42.19 43.11 4515 4519 4471 4090 4419 4500 4829 5185 5197 5539

Plant Gate Costs | 46.92 47.84 49.89 4992 4944 4563 4892 4973 53.02 5658 56.70 60.12

Net Production

Coie 49.18 50.13 5224 52.28 5179 4785 5125 5209 5547 59.14 5927 6279

ProductValue | 7547 7642 7853 7856 7807 7414 7753 7837 8176 8543 8555 89.08

Product Price 6402 67.16 7242 7428 7500 57.83 7106 7719 89.98 102.8 1044 1183

Methylamine o>ls adg sloas o Ve Jaus
Table 10 Production costs of methylamine unit

Oil PriceTrend | 73.47 7395 685 7503 8357 6618 7521 8815 9572 100.2 1046 1146

GasPriceTrend | 3914 4377 5867 5426 4567 373 4874 4402 5642 7.244 7 8.145

Methylamine Unit / Capacity: 50 KTPA / Unit: ¢/KG

Feedstocks Costs | 42.53 46.07 55.83 54.09 4972 39.46 5004 4957 6053 7345 7268 8349

By Products

Ttk 000 000 000 000 000 000 000 000 000 000 000 0.00

Catalysts

5 051 051 051 051 051 051 051 051 051 051 051 051
Chemicals Costs

Utilities Costs 1639 1639 1639 1639 1639 1639 1639 1639 1639 1639 1639 1639

Variable Costs | 59.42 6296 72.72 7098 66.62 56.35 66.94 6647 77.42 9035 89.57 1003

Labor Costs 09 09 096 0% 096 09% 09 09 096 09 096 096

Total Direct

G 61.81 6535 7510 7337 69.00 5874 6932 6885 79.80 9273 9196 102.7

Plant Cash Costs | 65.62 69.16 7892 77.18 7282 6255 73.13 7267 8362 96.55 9577 1065

Plant Gate Costs | 72.48 76.02 8577 84.04 7967 69.41 7999 79.52 9047 1034 1026 1134

Net Production

i 7590 7955 89.61 87.81 8332 7273 8364 8316 9445 1077 1069 1181

ProductValue | 1139 117.6 1277 1259 1214 1108 1217 1212 1325 1458 1450 156.2

Product Price 81.86 8933 1109 1062 9567 7642 97.61 9466 1168 1437 1413 1629
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Table 7 Comparison of net present value (NPV) of selected units

OilPriceTrend | 7347 7395 685 7503 8357 6618 7521 8815 9572 1002 1046 1146

GasPriceTrend | 3914 4377 5867 5426 ASET 373 48M 4402 56 1M 7 8165

Net Present Value (NPV) ~ (Unit: Billion § Per Year)

MO Toms o079 079 03 067 0T 0T
MIE oo 0049 0070 0083 0091 0001 0068
Methylamine | 002 001 005 005 0006 03 0000 -0009 0028

0610 0566 0549 0512 0448

0104 0168 0230 0240 0310

0074 0069 0.04
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Table 8 Production costs of MTO unit

Oil PriceTrend | 7347 7395 685 7503 8357 6618 7521 8815 9572 1002 1046 1146

GasPriceTrend | 3914 4377 5867 5426 4567 373 4874 4402 5642 7244 7 8.145

Methanol to Olefins (MTO) Unit / Capacity: 250 KTPA / Unit: ¢/KG

Feedstocks Costs | 95.09 99.76 107.5 1103 1114 8590 1055 1146 1336 1528 1551 1757

ByProducs | o0 o0 412 A1 07 907 06 407 13 M1 40 156
Costs

GEISS | o) 945 046 945 946 946 046 946 946 946 946 946

Chemicals Costs

Utilities Costs | 18.22 1822 1822 1822 1822 1822 1822 1822 1822 1822 1822 1822

Variable Costs | 26.74 26.69 2269 2659 31.89 2283 27.06 3453 37.89 3934 4194 46.70

Labor Costs 108 108 108 108 108 108 108 108 108 108 108 108

Total Direct

Costs 2945 2940 2539 2930 3459 2554 2977 3724 4060 4205 4465 4940

PlantCash Costs | 32.81 3277 2876 3267 3796 2890 3313 4061 4396 4542 4802 5277

Plant Gate Costs | 3845 3841 3440 3831 4360 3454 3877 4625 4960 5106 5366 5841

Net Production

s 4061 4057 3643 4046 4592 3658 4094 4865 5211 5360 56.29 61.19

ProductValue | 7195 7190 67.77 7179 7725 6792 7228 7998 8344 8494 8762 9252

ProductPrice | 9455 94.61 9398 9473 9570 9372 9475 9623 97.09 9761 98.12 99.25
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Figure 4 Cash flow of methanol to ethanol (MTE) process unit
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