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Objectives  

     

   Biodiesel is produced in different ways, 

including the heterogeneous and 

homogeneous ones, including  the use of 

liquid and solid  catalysts. A novel solid 

catalyst is prepared using the method of sol-

gel. The current research is important 

because it focuses on the production of bio-

diesel from the waste of cooking oil, 

towards the recycling the waste and use it 

for the production of bio-diesel. The cost of 

the process also will be reduced. 

 

 

 



 

 

  

 

 

 



 

Definition 

  biodiesel is a mixture of methyl esters 

produced from renewable sources such as 

vegetables and animal fats [1,5-7]. The 

most common method for biodiesel 

production is transistrifation and esteric 

reactions of triglycerides and lipids free of 

acidity and the presence of short chain 

alcohol. In addition, the acidic catalyst is 

used for this process [8,9]. 

 

 

 

 

 

 



 

brief history   

  Petroleum fuels account for about 88% of 

the fuel used for energy production [1]. 

However, in recent years, the use of fossil 

fuel has followed a decreasing trend due to 

the decline in oil reserves and the 

associated problems also with fuels such as 

environmental pollution and  global 

warming to produce gases such as sulfur 

dioxide and carbon dioxide [2]. 

Consequently, researchers are seeking 

alternative sources of energy for fossil fuels 

[3,4]. Over and over again during the past, 

biodiesel represents one of the alternatives. 

As biodegradable  and environmentally 

friendly.  



 

      The technology of biofuels is not 

new indeed, it is the age of cars. Henry 

Ford, the founder of the Ford Motor 

Company, originally designed the T model 

for ethanol, and people already used it in 

diesel engines that use vegetable oils 

rather than using them For engines 

dependent on fuel derived from 

petroleum, but which prevented the 

spread of the high cost of biofuels 

compared to fossil fuels. 

During the Second World War, the demand 

for biofuels increased significantly due to 

the reduction of fossil fuels then. 

 

 



 

  

  

  

  

  

  



  

Importance 

  Alternative fuel for diesel engines is 

important because of low oil and 

environmental reserves from the 

consequences of exhaust gases from 

petroleum fuel engines (xie et al., 2007). 

   In this regard, biodiesel is a renewable 

alternative to diesel fuel derived from 

renewable and locally available resources 

that is cleaner, biodegradable, non-toxic 

and environmentally friendly. It is mainly 

produced by transistrifection of vegetable 

oil, a renewable and sustainable source  

(Kansedo et al., 2009) . 

 

 



 

Advantages 

   Friend of the environment and a 

little cost . 

  Biodiesel contains 11% oxygen and 

does not contain any sulfur content.  

  The technology proved successful, 

with 30 million miles running in the 

United States alone.  

  Its use can extend the life of diesel 

engines as it has more lubrication 

than oil . 

  Biodiesel is safe from its control and 

transport, as biodegradation is 

similar to sugar, and its toxicity is 10 

times less than that of table salt. 



  Its combustion does not produce 

unpleasant odors such as burning 

fossil fuels, thus eliminating some 

form of pollution.   

  

  

  

  

  

  

  

  

  

  

  

  



Catalysts 

   These basic homogeneous catalysts 

such as NAOH and KOH are catalysts used 

mainly for the transesterification process ; 

The compounds, however, are associated 

with defects such as sensitivity to free 

fatty acids and tools, difficult and 

expensive procedures, especially for 

phase  separa�on [10,11]. 

  Homogeneous acid catalysts such as 

H2SO4 and HCL are also associated with 

problems such as the need to be at high 

temperatures, excessive time required to 

carry out the reaction, corrosion and high 

separation costs.  Thus, in recent years 

researchers have used basic acidic .  

 



  heterogeneous catalysts for the 

produc�on of biodiesel [1,12]. The 

solid acid as ZrO2 / SO4-2, TiO2 / 

SO4-2 The WO3 / ZrO2 can s�mulate 

esterification and transesterification 

reac�ons [13]. The advantages of 

this class of catalysts     (ie, the 

sensitivity to the presence of water 

and free fatty acids in the reaction 

mixture), the length of time and the 

high temperatures required to 

perform a reaction will result in 

some  

    Among these catalysts, MgO and CaO 

were used more than others for their 

reasonable cost and light reactions 

required [16-18].   

  



 The reason for using the catalyst 

is solid    

  The reactor is stable 

  The product comes  without 

pollutants  

  His method is easily separated  

  Be inside the filling  

  It is the process of production at the 

lowest cost  

 

 

 

 

 

 



 

 

 

 

 

 



Plants used for the production 

of biofuels  

  Sugar cane  

  Jatropha in India and Africa  

  Bongamia feathers in Australia and 

India  

  Sweet sorghum in India  

  Algae in America and Europe  

 

 

 

 

 

 

  



Method of producing biodiesel 

   

   

   Blending 

  Pyrolysis   

  Micro-emulsion  

  Transesterifcation  

 

 

 

 

 

 

 

  



Practical side for preparing the biodiesel  

   Materials enter into the first reactor 

 where the substances reacted to 

produce biodiesel and reacted with 

H2S4 to reduce free fa�y acids as 

the free fatty acids blocked the 

nanocatalyst pores . 

  The second reactor  is a padding 

that contains the solid nanocatalyst.  

  Piodiesel produced with impurities 

(methanol, sulfuric acid, hexane) 

and glycerol.  

  The product is in the form of two 

layers, the bottom layer contains a 

substances (methanol, sulfuric acid, 

hexane ) and the upper layer 

containing the biodiesel.  



  The biodiesel is washed by  washing 

tower. 

  The biodiesel comes out with the  

water  impurities removed by the 

dryer.  

 

 

 

 

 

 

 

 

 

 



   

   

    

     

  



  

3-2 Material Balance 

 

Produc�on rate =10000 ton/year 

  

1000 kg 1 day Year 10000 ton 

ton 24 hr 300 day year 

 

= 1389 kg/hr 

 

Yield = 98 % 

 

Oil = production rate /yield  

      = 1389 /0.98 

      = 1417.3 kg 

 

From the practical  

  

Waste =10% Oil 



           = 0.1 * 1417.3  

           = 141.7 kg 

 

V waste = weight /density  

              = 5 / 0.92  

              = 5.4347 L 

  

 

 

 

 

Weight of methanol = 8 of waste weight  

                                 = 8* 146.7  

                                 = 1133.6kg  

 

Weight of hexane =  0.05of waste weight  

                            =  0.05 * 146.7  

                            = 7.085kg  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Unit one : Extractor 

 

 

     

 

 

 

 

Input = output 

  

Waste+ methanol+ hexane = Oil +FFA+ methanol+ hexane 

 

141.7 +113.6+7.085 =1417.3 +(0.05 % oil ) +methanol 

+hexane  

 

1282.38=1417.3 +0.0005(1417.3) +methanol +hexane 

 

Methanol +hexane = 1104.539 

Hexane /methanol =0.15 

Hexane =0.15 * methanol  

Extractor  Waste 

Methanol 

Oil 

FFA 

Methanol 



Methanol +0.15 * methanol = 278.02 

Methanol 241.75 kg 

Hexane = 36.26 kg  

 

 

 

 

 

 

 

 

 

Output(kg) Input (kg) Substance 

0 141.7 Waste 

141.7 0 Oil  

241.75 1133.6 Methanol 

36.26 7.088 Hexane 

0.731 0 FFA 

 

 

  



  

Unit two: Reactor  

  

 

  Oil                                                        H2SO4 

H2SO4                                                    oil  

   FFA                                                      hexane   

Hexane                                                  biodiesel 1   

Methanol                                               methanol 

  

 

M.B of methanol  

Input = output = 241.75kg 

 

M.B of hexane  

Input = output =36.26kg 

 

M.B of H2SO4  

Input = 0.05 (Oil) 

          = 0.05 * 1417.3 

Reactor 



          = 70.86kg 

 

Overall M.B  

 

Oil +FFA +H2SO4 +methanol +hexane = H2SO4 +biodiesel 1 +Oil 

+methanol +hexane 

 

1417.3 +0.731 +70.8 = H2SO4 +0.7 +1417.3  

H2SO4 (out) =70.831kg 

 

 

  

 

 

Output (kg) Input (kg) Substance 

141.7 141.7 Oil  

0 0.731 FFA  

70.83 70.83 H2SO4  

0.7 0 Biodiesel 1 

241.75 241.75 Methanol 

36.86 36.86 Hexane  



    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Unit three :packed Reactor 

 

  

 

Oil                                                              biodiesel  

H2SO4                                                       glycerol  

Biodiesel 1                                                methanol  

Methanol                                                   hexane    

Hexane                                                      H2SO4  

 

 

M.B OF methanol input =output =241.75kg 

M.B OF hexan input =output =36.26kg 

M.B OF H2SO4 input =output =73.13 kg 

Oil + biodiesel 1 = biodiesel  + glycerol  

1417.3 + 0.7 = biodiesel  + glycerol 

1462.07= biodiesel  + glycerol 

n(oil)= wt/m.wt 

          =1417.3/850 =1.66 kmol  

n(oil ) + n(glycerol ) = 1.72  

  

  

backate  

Reactor 



wt(glycerol) = n* m.wt  

                    = 1.72 * 92.02 = 158.27 kg 

Biodiesel = 1304.43kg 

 

 

Output (kg) Input (kg) Substance 

0 1417.3 Oil  

1304.43 0 Biodiesel  

70.83 70.83 H2SO4  

0  0.7 biodiesel 1 

241.75 241.75 Methanol 

158.27 0 Glycerol 

36.26 36.26 Hexane  

  

  

  

  

  

  

  

  



Unit four :Decanter (separator) 

  

 

Biodiesel                                                    Biodiesel                       

Methanol                                                       

Hexane                                                       methanol                      H2SO4       

                                                  hexane    

Glycerol                                                      glycerol   

                                                                     H2SO4   

  

 

M.B of Biodiesel  

Input = output = 1304.43 kg 

M.B of  H2SO4  

Input = output = 70.83 kg  

 From top :  

Methanol (out) = 0.005 * 241.75  

                        = 1.20875kg  

Hexane (out) = 0.05 * 36.26  

                    =1.813kg  

Glycerol (out) = 0.005 * 158.27  

                        = 0.7914 kg  

Decanter  



 

From bottom : 

Methanol (out) = 241.75- 1.20875 

                         = 240.54kg 

Hexane (out ) =    36.26 – 1.813 

                     =  34.447kg  

Glycerol (out) = 158.27 -0.7914 

                        = 157.4786 kg  

 

 

  

 

Output (kg) Input (kg) Substance 

1304.43 1304.43 Biodiesel  

73.13 73.13 H2SO4  

241.75  241.75 Methanol 

158.27 158.27  Glycerol 

36.26 36.26 Hexane 

 

 

  



Unit Five : washing tower   

)                                        water                       

    

Biodiesel              

Methanol                                    

Hexane                                        biodiesel                                       

Glycerol 

 

T=60 C                                       T= 40 C  

                                   Water 

                                    T= 35 C    

  

  

 

Density (biodiesel ) = wt / v  

                        894  = 1304.43/ v  

V = 1.46  

V (water ) = 5 * V (biodiesel ) 

                = 5 * 1.46  

                = 7.29  

Density (water ) = wt/v   

 

 

Washing 

Tower  



                   1000= wt / 7. 29  

    Wt = 7295.47 kg  

  

 

Biodiesel (out ) = biodiesel (in) + water  

                          = 1304.43 + 72.95 

                          = 1377.38 kg  

M.B of methanol 

 input = output = 1.208kg  

 

M. B of Hexane  

Input = output = 0.18 kg 

 

M.B of Glycerol 

Input = output=  0.7914 kg   

 

 

Output (kg) Input (kg) Substance 

1304.43 1304.43 Biodiesel  

7295.47 7295.47 Water  



1.208 1.208 Methanol 

0.7914 0.7914 Glycerol 

0.18 0.18 Hexane 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit Six : evaporator (dryer ) 

 

                  

       Biodiesel                                                 biodiesel  

          Water   

 

                                               

                                               Water 

 

 

M.B of methanol  

Input = output = 1.208 kg  

 

M.B of Hexane 

Input = output = 0.18 kg  

 

M.B of Glycerol  

Input = output = 0.7914 kg  

 

Water + biodiesel = water + biodiesel  

1377.38 = 70.95 + biodiesel  

Dryer  



Biodiesel (out) = 1306.34 kg  

 

   

Output (kg) Input (kg) Substance 

1306.43 1377.43 Biodiesel  

70.95 0 Water  

1.28 1.28 Methanol 

0.7914 0.7914 Glycerol 

0.18 0.18 Hexane 

 

 

  

  

Unit seven : neutralizer  

  

 

                                                                         Methanol             Methanol  

           Hexane                                   hexane   

          Glycerol                                  glycerol 

          NaoH                                       Na2SO4 

          H2SO4                                          H2O 

  

 

PH  

 



         

  

 

2NaOH + H2SO4                          Na2SO4 + 2H2O 

 

N(H2SO4)= 73.13 / 98 = 0.746 kmol 

  

N(NaOH)=2 *0.46 =1.49 kmol 

Wt(NaOH) = 1.49 * 40 =59.6 kg 

  

N(Na2SO4)=1 * 0.746 =0.746 kmol  

Wt (Na2SO4)= 0.746 * 142 = 105.932 kg 

 

N(H2O)= 2 * 0.746 = 1.492 kmol  

Wt (H2O)= 18 * 1.492 = 26.856  

 

M.B of methanol  

Input = output = 240.542 kg  

 

M.B of Hexane  

Input = output = 36.08 kg  



 

M.B of Glycerol  

Input = output = 157.4786 kg  

 

 

Output (kg) Input (kg) Substance 

240.540  240.540  Methanol  

36.08  36.08  Hexane 

157.4786  157.4786  Glycerol  

0  70.83  H2SO4  

105.932  0  Na2SO4  

0  59.6  NaOH  

26.856  0  H2O  

  

 

 

 

 

 

 

 



Unit Eight : Distillation  

  

 

                                             

    Methanol                                                    

    Hexane                                                             methanol  

    H2O                                       

   Glycerol  

Na2SO4         

  

                                                                 

                                                                   Methanol  

                                                                              Hexane  

                                                                              H2O 

                                                                              Na2SO4 

                                                                              Glycerol   

 

M.B of hexane  

Input=output = 36.08 kg  

 

M.B of Glycerol  

Input = output = 157.4786 kg  

 

  

 

 

Dist.1  



M.B of Na2SO4  

Input = output = 105.932 kg  

 

M.B of H2O 

Input = output = 26.856 kg  

 

M.B of methanol  

 

Methanol (input) = 240.542 kg  

 

Methanol (output) from top : 

Input * 0.99 = 238.13658 kg  

 

Methanol (output) from bottom : 

Input * 0.01= 2.40542 kg  

 

 

Output (kg) Input (kg) Substance 

240.542  240.542  Methanol 

36.08  36.08  Hexane 



157.4786  157.4786  Glycerol 

105.932  105.932  Na2SO4 

26.856  26.856  H2O 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit Nine : Dis�lla�on (2)  

 

 

 

                                             

    Methanol                                                                                                    

    Hexane                                                             hexane 

    H2O                                       

   Glycerol  

Na2SO4         

  

                                                                 

                                                                   Methanol  

                                                                              Hexane  

                                                                              H2O 

                                                                              Na2SO4 

                                                                              Glycerol   

 

 

M.B of methanol  

Input = output = 2.40542 kg  

 

M.B of Glycerol  

  

 

 

Dist.1  



Input = output = 157.4786 kg  

 

M.B of Na2SO4 

Input = output =105.932 kg  

 

M.B of H2O  

Input = output = 26.856 kg  

 

 

 

 

 

M.B of Hexane  

 

Hexane (out) from top : 

Input * 0.99 = 35.71 kg  

 

Hexane (out) from bottom : 

Input * 0.01 = 0.3608 kg  

 

 



Output (kg) Input (kg) Substance 

2.40542  2.40542 Methanol  

36.08  36.08 Hexane 

157.4786  157.4786  Glycerol 

105.932  105.932  Na2SO4 

26.856  26.856  H2O  

                      

 

 

 

 

 

 

         

          

 
  



  

 

  

  

  

  

  

  

  

   

  


