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ABSTRACT 

Linear alkyl benzene industry produces linear alkyl benzene product from raw 

material of 1-dodecene and benzene with production capacity 20,000 tons per year. The 

industry is planned to be established at industrial estate in Cilegon, Banten, East Jawa with 

land area of 10000 m
2
. The production process of linear alkyl benzene is Detal process by 

using fixed bed reactor with solid acid catalyst. The reaction condition is liquid-liquid 

phase at 80-193˚C temperature, 5 atm pressure and mol ratio benzene to 1-dodecene is 2:1, 

the reaction is irreversible and exothermal. All of materials do not cause any corrosive. 

Considering by the reaction conditions the linear alkyl benzene industry is low risk 

chemical industry. 

The linear alkyl benzene production produces 2,560 kilograms product per hour. 

The raw materials needed are benzene 1,568 kilogram per hour and 1-dodecene 1,689 

kilograms per hour. To support the process, the linear alkyl benzene production requires 

cooling water 39,709 kilograms per hour and steam 725 kilograms per hour, the water is 

obtained from seawater. The linear alkyl benzene production requires fuel oil to generate 

steam and the diesel fuel uses 166 liters per day. The electricity required for all purposes in 

the industry is 743 kilowatt which is obtained from the state electricity company (PLN). 

Incase the electricity is runs out, the electric generator is prepared for 4 days per month 

with diesel fuel requirement 75 liters per hour. 

 The linear alkyl benzene is considered to operate for 330 days per year with 161 

employees. The economic analysis result are as follows, the profit before tax is IDR 

35,872,735,199.40 per year and the profit after tax 30% is   

IDR 25,110,914,639.58 per year. The return of investment before tax if 49.89% and the 

return of investment after tax is 34.92% .The standard return of investment before tax is 

between 40% to 60%. The payout time before tax is 1.670 years while the payout time 

after tax is 2.226 years, payout time before tax is allowable for maximum 5 years with 

breakeven point is 48.20% while breakeven point is expected between 40% -60% for 

standard chemical industry. Discounted cash flow is 43.86%. Discount cash flow is 

allowable when it’s more than 15% (bank credit interest). From the economic anlysis 

results above it can be concluded that the establishment of the linear alkyl benzene 

industry is feasible. 
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A. INTRODUCTION 

1. Back ground 

Linear alkyl benzene (LAB) is 

usually used as raw material for the 

manufacture of linear alkyl benzene 

sulphonic (the main component of making 

soap and detergent). The development of 

industries that use raw materials LAB is 

quite rapidly. This can be seen from the 

increase production of detergents, 

shampoos and cosmetics. Along with the 

rapid demand for chemical products in 

Indonesia (domestic) market, most 

industries began using raw materials LAB 

to replace branch alkyl benzene because it 

is more environmental friendly. 

In developed countries ,branch 

alkylbenzene usage is not allowed 

.Therefore the chemical experts are 

conducting research to produce a detergent 

that does not cause environmental pollution. 

One of the result is the production of LAB 

that does not cause environmental pollution. 

Considering the importance and usefulness 

of LAB economic value the establishment 

of this chemical plant is very beneficial, 

other reasons are : 

1. There is only one industry 

producing linear alkyl benzene in 

Indonesia and Southeast Asia.It is 

PT.Unggul Indah Cahaya Tbk. 

2. Provides more opportunity to 

establish other industries that 

using linear alkylbenzene as raw 

material. 

3. The opportunities for the 

unemployed. 

4. The opportunities to export linear 

alkyl benzene to overseas. 

2. Production Capacity 

  Determination of production 

capacity based on the availability of raw 

materials, manufacturing capacity that has 

been established in the market and the 

needs of the linear alkyl benzene as shown 

in the table below : 

Table 1: Linear alkylbenzene needs in 

Indonesia based on the import data 

Year Import Data  (tones /year) 

2008 1,453,176 

2009 445,019 

2010 211,527 

2011 169,768 

2012 534,856 

Source: BPS Indonesia 

Industry sources said demand for LAB in 

the Asian and Middle East markets was 

expected to rise by 3-5% in 2013 from 2012 

. Currently demand for LAB in Asia is 

estimated at 1.4m tonnes/year, while the 



total consumption in the Middle East and 

North Africa is said to be above 4,000,000 

tonnes/year according to industry 

sources.(Source: ICIS) 

The minimum design capacity may 

be estimated from similar plant that has 

been established. From Table 1.2 the 

capacity of 5,000 tons/year has been quite 

favourable. 

Table 2 : LAB plants capacity that has been 

established (Tonnes/year) 

Company Location Capacity 

Lukoil Neftochim 

Burgas 

Burgas, 

Bulgaria 
5,000 

Emalab 
Jebel Ali, 

Dubai 
30,000 

Ameriya Petroleum 

Refining 

Ameriya, 

Egypt 
50,000 

Formosan Union 

Chemical 

Lin 

Yuan,Taiwan 
90,000 

CEPSA Quimica 
San Roque, 

Spain 
220,000 

Sasol 
Louisiana, 

US 
125,000 

 

3. Plant Location 

The location of the plant is very 

influential on the existence of a project 

industry in terms of both commercial and 

future possibilities. Many factors must be 

considered in selecting the plant location. 

the establishment of LAB plant is planed in 

Cilegon Banten. The following are the main 

factors effecting the selection of the 

location in terms of economy and the 

operation that definitely needed by all types 

of existing industries below: 

  a. Supply of raw materials 

 Supply of raw materials is relatively 

easy because benzene can be 

obtained from the industrial area in 

Cilegon, Banten. Whereas, the 1-

dodecene is purchased from 

International petrochemical 

companies such as Exxon, Chevron 

and Arco. 

b. Marketing 

 This product is the raw material for 

the manufacture of detergents, so its 

marketing is expected not only to be 

used in the detergent plant 

established in java but also can be 

exported, so the plant location is 

selected nearly the port. 

 

B. General process overview 

 Raw material benzene and 1-dodecene 

enter to the reactor in the liquid phase. 

Reactor used is the fixed bed reactor. 

Reactor operating conditions are allowable 

temperatures between 80 - 280
o
C with 5 - 

50 atm pressure. Mole ratio of benzene to 



1-dodecene = 1:2 – 1:20. 98% dodecene 

conversion  

(Wang  2002) . 

 The reaction :  

C12H24 + C6H6  C12H25C6H5 

Product from reactor outlet into the 

distillation process for separating benzene 

and 1-dodecene from LAB. Benzene and 1-

dodecene are recycled to the reactor . The 

main product obtained LAB . 

1. Process concept 

To determine the specification of reaction 

by using enthalpy transfer ∆HR calculate 

from ∆Hf  

reactantΔHproductΔHΔHfΔH 298 ++=R  

∆G
0
 = ∆G

0
 product - ∆G

0
 reactant 

Table 3 : Standard conditions ∆H f298 

(kJ/mol) and ∆G f298 (kJ/mol) of each 

component 

Component 

∆H f298 

(kJ/mol) 

∆G f298 

(kJ/mol) 

C12H24 -165.400 137.534 

C6H6 83.000 130 

C12H25C6H5 -178.490 212 

 The reaction   :  

 C12H24 + C6H6                   C12H25C6H5 

Intereaction of benzene dengan 1-Dodecene 

in liquid phase. 

∆HR298  = ∆HR298 product -  ∆HR298 reactant 

   = -178.490-(-165.400+83.000) 

 = -96.28 kj/mol 

This reaction is exothermal reaction. 

For   

∆G
0
 = ∆G

0
 product - ∆G

0
 reactant 

 =  212 – (137.534+130) 

 = -55.534 kJ/mol 

Where ∆G
0
 < 0 meaning is easy to react. 

To deside the reversible or irevesible by 

calculate K298 and K373 
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For K298 at Treference 298 K 

  -RT lnK = ∆G
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RT
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     = 22.4163 

    K298 = 5.4359 x 10
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So  
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298

1

373

1

0.0083134

96

105.4359 9

373 =
x

K
 

    = -3.547936655 

 exp (-3.547936655) = 
373

9x105.4359

K
 

 0.028783969 =  
373

9x105.4359

K
 

  K373 =1.888516 x 10
19 

K at 100 ˚C relatively high, it means the 

irreversible reaction. 

 The kinetic of reaction  

The rate equation 

=  402.783
−45.730

𝑅𝑇 (𝐶B𝐶1 − D)  

(Zhang, 2003) 

 

 

C. INVENTORY SPECIFICATIONS 

1. Reactor (R-01) 

Function:  Linear alkyl benzene formation 

reaction 

Type: Fixed bed 

Specifications: 

Operation conditions:  

Temperature: 80-193 ºC 

Entrance pressure: 5 atm 

Exit pressure: 3.74 atm 

Phase reactions: liquid 

Catalyst: solid acid catalyst 

Shape: Spherical 

Size: Dp: 0.016 m 

 Porosity: 0.35 

Total high reactor:  11.21 m 

Total diameter: 2.025 m 

Shell thickness: 0.025 m 

Head thickness: 0.011 m 

Construction material: Carbon steel 

2. Separator (FD-01) 

Function : separate benzene out of product 

before recycle to the reactor. 

Type: Flash distillation  

Operation temperature : 193 ˚C 

Operation pressure : 1 atm 

ID : 1.5 m 

Shell thickness : 3/16 in 

Head thickness : 3/16 in 

Height total : 3.38 m 

Construction material : Carbon steel 

 

 

D. UTILITY UNIT 

The electricity needs for the plant amounted 

743.29 kWh met by diesel power generator, 

consider the emergency power generator 

capacity by the PLN run out of power for 

24 h, 4 times /month. The power generator 

required: 10 kWh/L diesel the need of fuel 

74.33 L/h So fuel will be prepared for a 

month is 7.14 m
3
. Cooling water required 

39,709 kilograms per hour and steam 

required 725 kilograms per hour. 



 

E. ECONOMY ANALYSIS 

1. Cost Estimation 

 The cost factor specifications 

blowing are considered for plant cost 

estimation. 

1. Production capacity is 20000 ton/year 

2. The plant is run for 330 days 

3. Equipment life is 10 years 

4. Foreign wage is $ 25/man/hour 

5. Indonesian man hour wage 

Rp.20,000/man/hour 

6. Ratio between foreign man hour and 

Indonesian man hour is 1:3 

7. Ratio between the number of foreign man 

hour and Indonesian man hour is 5:95 

8. This economical evaluation here is 

designed to: 

The plant will be built in 2016 Using US $ 

with assumption, the exchange in 2015 will 

be IDR. 13,000 /US$ 

9. The cost of equipments is evaluated by 

cost index 

Chemical Engineering Plant Cost Index 

 

Graphic 1 Chemical Engineering Plant Cost 

Index 

 

 

Table 4 : The Conclusion of economic 

estimation 

 

 

Graphic 2 analysis economy linear alkyl 

benzene plant  
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Estimation  

1. Return of Investment (% 

ROI)  

    ROI before tax 49.89% 

    ROI after tax 34.92% 

2. Pay Out Time (POT)  

    POT before tax   1.670 

    POT after tax 2.226 

3. Break Even Point (BEP) 48.20% 

4. Shut Down Point (SDP) 35.59% 

5. Discounted Cash Flow (DCF) 43.86% 



 Conclusion 

The economic analysis resulting, the profit 

before tax is 

IDR 35,872,735,199.40 per year and the 

profit after tax 30% is  

IDR 25,110,914,639.58 per year. The return 

of investment before tax if 49.89% and the 

return of investment after tax is 34.92% 

.The standard return of investment before 

tax is between 40% to 60%. The payout 

time before tax is 1.670 years while the 

payout time after tax is 2.226 years, payout 

time before tax is allowable for maximum 5 

years with breakeven point is 48.20% while 

breakeven point is expected between 40% - 

60% for standard chemical industry. 

Discounted cash flow is 43.86%. Discount 

cash flow is allowable when it’s more than 

15% (bank credit interest). 
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