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Abstract

Linear low-density polyethylene (LLDPE) is one of the most important engineering thermoplastics
due to its favorable combination of mechanical properties, good processability, and tunable
molecular microstructure, which has secured its prominent position in polymer industries. LLDPE
is primarily produced via copolymerization of ethylene with a-olefins in the presence of Ziegler—
Natta or metallocene catalysts. In this study, a feasibility assessment of an LLDPE production
plant with a nominal capacity of 400,000 tons/year was carried out. The estimated fixed capital
investment, operating cost, and annual profit were 242.7, 363.7, and 156.3 million USD,
respectively. Economic evaluation indicators, including an internal rate of return of 64.4%, a net
present value of 518.5 million USD, and a payback period of 1.55 years at a 20% discount rate,
demonstrate the economic viability of the project. Sensitivity analysis revealed that selling price
and material cost exert the greatest influence on profitability, highlighting the critical role of
market risk management in ensuring long-term economic sustainability.

Keywords: Linear low-density polyethylene, gas-phase process, industrial production, economic
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Table 1. Battery Limits Investment (BLI) for Gas-Phase LLDPE Production (400,000 Tons/Year)
No. | Item Cost (1000 $)
1 equipment Reactors 5747.34
2 Columns (tower) 3768.75
3 Vessels and tanks | 14204
4 Heat exchangers 2043.50
5 Compressors 6369.19
6 Special equipment | 1612.19
7 Pumps 29.31

10 Battery Limits Investment
" Off-site Investment



8 Total equipment cost 33774.28
9 Direct installation cost 32155.81
10 | Packaging unit 35486.97
11 Indirect cost 35501.62
12 | Unscheduled equipment 136918.69
13 | Contingency 15062
Battery limit investment (BLI) 151980.69
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Table 2. Breakdown of ISBL Investment for Gas-Phase LLDPE Production (400,000 Tons/Year)
No. | Item polymerization | Product finishing
and bagging
Cost (1000$) Cost (1000$)
1 Equipment | Reactors 5747.36 -
2 Columns (tower) | 3768.75 -
3 Vessels and tanks 1559.85 12773.97
4 Heat exchangers 2043.5 -
5 Compressors 6369.19 -
6 Special equipment | - 1612.19
7 Pumps - 29.31
8 Total equipment cost 19488.62 14417.56
9 Direct installation cost 26751.84 5965.09
10 | Packaging unit - 35486.97
11 | Indirect cost 16178.40 19545.16
12 | Unscheduled equipment 62418.87 75141.78
13 | Contingency 6866 8296
Battery limit investment 69284.87 73710.78
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Table 3. off-Site Investment for Gas-Phase LLDPE Production (400,000 Tons/Year)

No. | Item Cost (10009)
1 Utilities and Storage | Clarified water 1417.91
2 Cooling water 6875.88
3 Process water 1080.37
4 Refrigeration 1453.062
5 Inert gas 2671.62
6 Tankage 4256.59
7 Warehouse facilities | 11678.94
8 Total utilities and storage 29488.38
9 General service facilities 43550

10 | Waste treatment 9413.5

11 | Off-site installed 82451.88
12 | Contingency (10%) 8245
Off-site investment 90696.88
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Table 4. Total Fixed Capital (TFC) Investment for Gas-Phase LLDPE Production (400,000
Tons/Year)
No. | Item Cost (1000%)
1 Battery limit investment 151980.69
Off-site investment 90696.88
Total Fixed Capital Investment: TFC 242677.57
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Table 5. Raw Material Costs for Gas-Phase LLDPE Production (400,000 Tons/Year)

No. Raw material Unit cost (($/kg) Consumotion | ($/kg)
per kg
1 Ethylene 0.75 0.89969 0.67477
2 1-hexene 1.0 0.10965 0.10965
3 Hydrogen 2.2 0.000212 0.00047
4 Iso pentane 1.37 0.000424 0.00058
5 Metallocene catalyst 154 0.000143 0.02202
Total 0.80749
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Table 6. Annual Operating Costs for Gas-Phase LLDPE Production (400,000 Tons/Year)

No. | Item Cost ($/kg) Operation cost
(1000 $)

1 Raw material 0.807 322800

2 Utilities 0.02442 9768

3 Labor cost 0.01 4000

4 Taxes and insurance (2%/yr of TFC) | 0.00704 2816

5 depreciation (10%/yr of TFC) 0.03476 13904

6 G&A, sales, research 0.026 10400

Total 0.90922 363688
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g1 anlys Vs gilea OY ey @l Jame g3 5l Jols o, (o o 5

AR



= Raw material 0.037
= Utilities 00076 0.0285
Labor cost
Taxes and insurance (2%l/yr of TFC)
= depreciation (10%/yr of TFC)
= G&A, sales, research

0.109

0.026

Slboe sboa o v slopls jloges N JSA
Figure 1. Pie chart of operating cost distribution
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Table 7. Economic parameters for LLDPE Production Project

No. Unit

1 Production Capacity 400000 Ton/year
2 Project Lifetime 20 Year

3 Discount Rate 20 %

4 | Total Fixed Capital (TFC) 242.7 10° §

5 | Operation Cost 363.7 10°$
6 product Unit Cost (Cost of Production) 0.91 $/kg

7 | Annual Sales Revenues 520 10°$

8 Annual Net Profit 156.3 10°$

9 Internal Rate of Return (IRR) 64.4 %

10 | Net Present Value (NPV) 518.5 10°$
11 | Payback Period (PBP) 1.55 Year
12 | Profitability Index (PI) 3.14 -

13 | break-even point 0.70 10° ton
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Figure 2. Comparison of IRR in the LLDPE Production Process
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Figure 3. Sensitivity analysis of internal rate of return (IRR) for LLDPE production project
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