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Research subject: Mazut is widely used in petrochemical, power
and marine industries. The use of these fuels, in addition to causing
widespread air and sea pollution in the country, has also led to severe
international penalties, rising costs and corrosion of equipment.
Therefore, the use of mazut fuel with sulfur compounds of up to %0.5 in
the world, as a refining mazut fuel at the origin (in refineries) and taking
into account all aspects, is more important. There are limited industrial
methods for the hydrotreating of mazut (Due to the heavy oil cut and
the complexity of sulfur compounds in it), the most common of which is
hydrogen desulfurization (HDS).

Research approach: The goal of this research, is the simulation and
economic evaluation of the hydrotreating plant from Mazut fuel with a
capacity of 13.75 million barrels per year. The simulation of this process
was performed in Aspen HYSYS petroleum refinery software. In this
simulation, the effect of effective operating parameters such as pressure,
hydrogen to mazut ratio and finally catalyst consumption on the removal
of sulfur compounds, production of by-products, net production costs,
and total investment costs are investigated.

Main Results: The results showed that for the hydrotreating process
of this mazut with sulfur compounds %3.5, total capital investment is
308.9 million US$ and the net production cost of treated mazut fuel is
estimated to be 114.5 million US$ per year. Also, economic sensitivity
analysis showed that the operating parameter of the hydrogen to mazut
ratio had the greatest effect on increasing the total capital investment
and net production cost, which should be minimized as much as possible.
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Fig. 1 Different types of organic sulfur compounds in oil cut [11]
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[21] Physical and chemical properties of mazut 1 Table

Characteristic Amount
API Gravity 10.40
Specific Gravity (60/60) 0.9972
Distillation Type TBP
%0 Point [°C] 268
%5 Point [°C] 327
%10 Point [°C] 387
%30 Point [°C] 492
%50 Point [°C] 574
%70 Point [°C] 638
%90 Point [°C] 731
%95 Point [°C] 773
%7100 Point [°C] 815
Nickel [ppm] 40
Vanadium [ppm] 15
Total Nitrogen [ppmwt] 600
Sulfur Content [%] 3.5
Molecular Weight 611
Flash point [°C] 65
Pour point [°C] 32
Ash (max) % mass 0.15
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Table 2 Properties of catalyst hydrotreating process [17]

Internal Diameter | Catalyst loading | Catalyst Density | Bed Voidage
Reactor 1
Bed-1 4 m 163.8 ton 972 kg/m? 0.3
Bed-2 4 m 245.7 ton 972 kg/m? 0.3
Reactor 2
Bed-1 4 m 73.7 ton 945 kg/m? 0.3
Bed-2 4 m 81.88 ton 945 kg/m? 0.3
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Table 3 Effective operating parameters for the sensitivity analysis of hydrotreating

Operating Parameters | Value Down Up Unit
Catalyst loading 565 100 600 ton

Gas to Oil Ratio 160 50 300 STD-m3/m?3
Pressure 145 30 150 bar
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Table 4 Results of the simulation of the hydrotreating

HPS Liquid Simulation Unit Reference Data
[31], Mass.%

Sulfur [%] of HPS liquid 0.50 Mass % 0.50

Light Gas 9.02 (tons/h) -

Naphtha 15.30 (tons/h) -

Diesel 3.04 (tons/h) -

Hydrocracked Products 10.86 Mass % 12.3

Bottoms (Treated 224.7 (tons/h) -

Mazut)

Bottoms (Treated 89.14 Mass % 87.7

Mazut)

Purge 4.98 (tons/h) -

Total H2S 5.18 (tons/h) -
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Table 5 Total process & utility cost, total capital investment for hydrotreating process

Section Total Reaction | Compressors sl:;gg;lzc:r
Equipment MUS$ MUS$ MUS$ MUS$
Reactors 47.9 47.9 0.0 0.0
Columns 0.2 0.0 0.0 0.2
Vessels & tanks 4.0 3.9 0.0 0.0
Exchangers 8.6 7.0 0.5 1.2
Furnaces 2.6 2.6 0.0 0.0
Compressors 11.4 0.0 11.4 0.0
Pump 2.6 2.1 0.0 0.5
Total 77.5 63.6 11.9 2.0
Feed filter 1.1 1.1 0.0 0.0
Total Process Cost (TPC) 206.0 156.1 44.5 5.4
Cooling water 4.8 3.6 0.9 0.3
Total Utilities Cost (TUC) 5.8 4.3 1.1 0.4
Total Pc’f)(;ie(sspig)ﬁ“ties 2117 160.4 45.6 5.8
Total Fix Capital (TFC) 243.5 - - -
Working Capital (WC) 31.7 - - -
Start-up Cost (SUC) 14.6 - - -
Total Capital Investment, 308.9 - - -

(Ul 50,0 sdis) (Fh9,0u0 anbaal axly oy alls anse £ Joos
Table 6 Net production cost of hydrotreating process (MUS$/year)

MUSS$/year
Total Labor Cost (TLC) 5.98
Total Materials Cost (TMC) 63.95
Total Utilities (UC) 11.59
Plant Cost (PC) 90.57
Cash expenditures 94.83
Total Production Cost 118.19
Unstabilized naphtha 2.18
Fuel Gas & Diesel & Naphtha 3.67
Net Production Cost 114.52
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