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Abstract: Biodiesel is a promising future fuel. In the recent 
times lots of research has been done to make the waste product as 
a valuable product. The option which best suits is the biodiesel 
which can be obtained from Waste cooking oil using Various 
methods. The prominenet technique is the one which gives best 
results with the addition of less parameters involved in it. Biodiesel 
is acquired from edible, non-edible vegetable oils and animal fats 
as well. Well, a known route to manufacture biodiesel is 
trans-esterification of acylglycerol that undergo catalyzed 
esterification with methanol. With an aid of a suitable 
experimental design, it is vital to optimize various parameters that 
affect product yield and quality. A novelty of our work lies in 
implementing Taguchi Design for process optimization. The 
analysis gives an optimized set of process parameters namely oil to 
alcohol  molar ratio as 1:7, catalyst congregation as 1%, latency as 
20 min as well as intense heat as 50 °C. using these optimum 
conditions, the biodiesel prepared is found to have the highest 
yield of 75.18%, moreover diesel quality is also acceptable as per 
ASTM criteria. Its environmental benefits and renewability attract 
both industry and academia for further research. 

 
Keywords: Trans-esterification, Waste Cooking Oil Biodiesel, 

Yield, Taguchi, ANOVA.  

I. INTRODUCTION 

In the current energy scenario, biodiesel as a potential 
substitute to diesel fuel has become vital because of two 
advantages namely its ecological sake as well as reality that it 
arise from renewable resources. However, its long term 
suitability, engine characteristics and the cost of production 
are the main hurdles for commercialization of the product [5]. 
Biodiesel as such is prepared from triglycerides of drippings 
or ruminant fats. Esters of methyl are separated from glycerin 
by catalyzed reaction of methanol with triglycerides. It has 
been found that vegetable oils hold special promise in this 
regard. It is due to the reason that these oils are obtained from 
the plants buildup in hinterland. Drippings from crops such as 
soya bean, peanut, sunflower, rape, coconut, karanja, neem, 
cotton, mustard, jatropha, linseed and caster have been 
evaluated around the globe in contrast with further 
contaminated oils for producing biodiesel [12]. 
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Waste cooking oil is much cheap than comparison with pure 
drippings, is a optimistic substitute to dripping for production 
of biodiesel [9,13]. The feedstock collected from waste or 
used drippings is frequently called as waste cooking oils 
(WCO). It is one of the alternative sources in contrast with 
purified oils. Gathering of waste cooking oil is simple from 
different industries like captive use, hotels also the 
restaurants. WCOs being cheaper than other fresh or refined 
oils, we can reduce the cost of biodiesel production. Using      
these waste oils for biodiesel production also prevents 
environment pollution. These oils need treatment prior to 
their disposal to the environment to prevent pollution. Many 
reckless proprietors, due to the high treatment cost, dispose of 
these WCOs directly to the environment. The use of WCOs is 
an effective method for making biodiesel production cheap as 
well as it will reduce nuisance to the environment [14]. 
 [4] Claim that these WCOs can be an important source for 
biodiesel production as there is large quantity of WCOs 
available from hotels and factories. Use of WCOs helps 
improvement of the biodiesel economics. [1] explained 
utilization of WCOs plays an importanat role in optimising 
biodiesel production  fetch  upto 60–70%. Although, the 
cooking  process  has dismissive effect on oil characteristics 
and can develop various types of  adulteration in the oil. It 
might also multiply  the Free Fatty Acid and water 
composition of oil. Trans-esterification reaction is the prime 
method for manufacturing and development of biodiesel. 
Various paths like Acid, alkali or enzymatic catalyzed and 
non-catalytic trans-esterification have been already tried for 
biodiesel manufacturing. 
Thorough review of literature sheds light on various 
alternative fuels, various feed stocks of biodiesel, seed 
estimation, oil estimations, standards used for suitability of 
biodiesel, etc. Among various techniques of biodiesel 
preparation, trans-esterification is reported as crucial one. 
Also, various researches have been carried out for catalyst 
such as solid alkali, acid, enzymatic etc. Further, few 
researchers have studied effect of alcohol (methanol, ethanol 
and butanol). Very few researchers have worked on 
optimization of process variables like reaction time, reaction 
temperature, two step or one step reaction for increasing yield 
or quality. Various review papers on preparation of biodiesel 
with WCO have been studied. It focuses on low cost of raw 
oil. Also, minimizes problem of disposal of WCO to 
environment. Further, various results of fuel properties and 
engine test result have created interest for keen study for 
laboratory scale WCO biodiesel preparation. Now, it is very 
important to optimize various variables such as  molar ratio, 
catalyst concentrations, latency and intense heat.  
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We decided to adopt Taguchi approach, a robust design for 
the purpose of optimization in the preparation of laboratory 
scale biodiesel from WCO. ANOVA results are used to arrive 
at the optimized set of selected parameters. Further the 
biodiesel obtained using optimum levels of process 
parameters, has been tested so as to check its suitability as a 
fuel  [15]. 

II. MATERIALS AND METHODS 

A.  Taguchi Approach for Optimization of Parameters  

       The strategy of spreading out the plans of trial 
circumstances including various parameters was first done in 
1920 by Sir R.A. Fisher called full factorial structure. In this 
system every single imaginable blend of parametric qualities 
are considered however most modern investigations include 
critical number of components so full factorial structure 
brings about huge number of trials. For instance, in an 
exploratory structure having seven parameters, each at two 
levels, all out number of analyses would be 27 for example 
128. To decrease the quantity of trials just a little arrangement 
of potential blends is chosen. This strategy is called 
incomplete factorial structure and creates most data however 
there are no broad rules for the utilization of this system. 
Taguchi's methodology viewed as both significant territories 
by plainly characterizing a lot of symmetrical exhibits to 
structure the trials and by conceiving a standard technique to 
dissect the outcomes got. Plan of investigations by 
symmetrical exhibits offers extraordinary test productivity 
[2]. 

1. Design of experiment (DOE) used in the process 
optimization. 

Taguchi has built up symmetrical clusters to portray huge 
number of trial circumstances. Symmetrical clusters are a lot 
of tables of numbers which can be utilized to proficiently 
achieve ideal structure. The representative assignment of the 
exhibit conveys the data on the size of the examinations. For 
instance a L8 exhibit demonstrates that 8 preliminaries are 
required [2]. 
 Each symmetrical cluster must fulfill adjusting property. 
As indicated by adjusting property the associations between 
two degrees of elements in exploratory structure must be 
happened equivalent number of times. For instance if 
association between level 1 and level 2 of two distinct 
variables happens thrice then the connections between level 2 
and level 1 of these elements must happen thrice. 
Determination of an appropriate symmetrical cluster is must 
to achieve the exact outcomes. To choose appropriate 
symmetrical exhibit first :  
Degree of freedom is determined by the accompanying 
condition: 
𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑓𝑟𝑒𝑒𝑑𝑜𝑚=𝑝 (𝑙−1) 
Where p = number of parameters   
            l = number of levels  
For instance in above case there are four parameters and three 
quantities of levels so level of opportunity gets 8. Presently 
we should perform least eight investigations to accomplish 
the require results. This should be possible by choosing a L9 
cluster. However, to keep away from the mistake one should 

utilize Taguchi's exhibit selector to choose the reasonable 
cluster and the tests must be structured by the predefined 
symmetrical exhibits. Consider a case of biodiesel generation 
yield in which there are four parametric varieties to be 
specific liquor to oil molar proportion, impetus type with its 
fixation and response time and temperature. These are found 
have critical effect on the creation yield. We proposed to 
change all these four parameters each at three levels [2]. The 
controlling parameters and their levels are appeared in table 1 
[16]. 

                Table-I : Chosen Process parameters and their level 

Sr. No. 
Control 
Process 

parameters 

Level 

1 2 3 

A 
Methanol to 
Oil Molar 

ratio 
5:01 7:01 9:01 

B 
Catalyst 

concentration 0.5 1 1.5 
(% wt.) 

C 
Reaction 

time (min) 
10 20 30 

D 
Reaction 

temperature  
(0C) 

50 60 70 

2. Selection of control parameters and their levels  

 Among the various parameters affecting the generation yield 
of biodiesel, for example,  
response temperature, time for response, kind  
of liquor and its amount, kind of impetus and its fixation, 
fomentation or mixing speed, nature of the reactants and 
dampness content in the oil, just the four most impacting 
parameters and three levels (L = 3, P = 4 as appeared in 
Table.1 have been considered in this investigation. The 
impacts of the four picked parameters at three distinct levels 
have been contemplated by leading just nine examinations         
according to L9 OA Shown in Table 2.   
Each investigation has been rehashed thrice so as to limit the 
mistakes. The percentage yield as a measure of quantity 
produced was considered as the response variable for the 
experiment [17]. 
 For the above example control parameters as stated in 
table 1, and average % yield is shown in table 2 [16]. 
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Table-II : L9 Orthogonal array for Design of Experiment 

Sr no. Parameters Percentage of yield 
Mean Yield 
Percentage 

 A B C D Trial1 Trial2 Trial3  

1 5:01 0.5 10 50 66.66 61.6 70.69 66.31 

2 5:01 1 20 60 67.74 70.96 64.51 67.73 

3 5:01 1.5 30 70 51.61 58.06 66.12 58.59 

4 7:01 0.5 20 70 67.74 64.51 80.64 70.96 

5 7:01 1 30 50 67.16 74.62 67.16 69.64 

6 7:01 1.5 10 60 67.74 64.51 67.74 66.67 

7 9:01 0.5 30 60 51.61 61.29 48.38 53.76 

8 9:01 1 10 70 67.74 67.74 50 61.82 

9 9:01 1.5 20 50 69.44 59.15 59.15 62.58 

 

3. Statistical Analysis of data in optimization of WCO 
trans-esterification to yield biodiesel 

 Utilizing Minitab programming rendition 13, 
investigation was led for the reaction variable (rate yield). 
The General Linear Model (GLM) approach was utilized to 
perform investigation of fluctuation and relapse of the 
reaction variable. Counts were performed utilizing a relapse 
approach. Ends were drawn utilizing determined outcomes 
and the diagrams [11]. The ANOVA for percent yield was 
acquired from the product (Table 3 ) [17]. 
 

The statistical analysis showed that only molar ratio 
significantly affects the percent yield. Further the mean 
values of percent yield   as 64, 69, and 59 for levels of molar 
ratios 1, 2 and 3 respectively. For catalyst concentration with 
the levels 1, 2 and 3, the mean percent yield values are 63.5, 
66.2, and 62.5 individually. The three degrees of time of 
response show the mean estimations of percent yield as 64.5, 
66.5, and 60.5 separately. At long last for the response 
temperature as a parameter, for the three separate levels, the 
mean percent yield esteems anticipated are 66, 61, and 64 
individually. 

Table-III: ANOVA results 

Source DF Adj SS Adj MS F-Value P - Value 

Molar Ratio 2 423.6 211.801 4.68 0.025 

Catalyst 2 68.76 34.378 0.76 0.484 

Time 2 192.47 96.237 2.12 0.152 

Temp. 2 56.48 28.204 0.62 0.549 

Trial 2 3.67 1.835 0.04 0.96 

Error 16 724.72 45.295  

Total 26 1496.7  

B. Preparation and Testing Of Biodiesel.  

As waste cooking oil from cotton seed oil is promptly 
accessible and has significant unsaturated gatherings, it is a 
reasonable and less expensive crude material for biodiesel 
generation. Biodiesel is produced in two stages involving 
esterification and trans-esterification processes. After 
reaction completion, two distinct layers formed are separated 
using a funnel for the purpose. Washing is then done to create 
the nonpartisan biodiesel further to catalyze glycerol, 
cleanser and methanol. 

1. Feedstock of Waste Cooking Oil.  

    The generation of waste cooking oil will be the capacity of 
the browning temperature and length of utilization just as the 
material utilized for searing. It is obtained from domestic, 
commercials (hotels) and industrial sources of used or waste 

cooking oil after frying foods. In present work WCO used is 
from cottonseed oil. It is so because India is second largest 
country in world for cotton seed oil production and 
consumption [14]. 

2. Free Fatty Acids 

For FFA under 2%, it might legitimately be taken for 
trans-esterification process while in the event of FFA (Free 
Fatty Acid) over 2%, it needs to begin from esterification 
procedure to diminish FFA.  
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The corrosive estimation of the waste cooking oil was 
resolved so as to appraise the free unsaturated fat substance 
and to get a thought of how a lot of corrosive impetus and 
methanol would be expected to drive the corrosive 
esterification compound towards methyl ester creation. It was 
suggested that 0.5 - 1.5% (in view of the heaviness of free 
unsaturated fat in the oil) of unadulterated (95-98%) 
sulphuric corrosive ought to be utilized as an impetus [14]. 
Corrosive worth is found by titration technique. Different 
materials like KOH (potassium hydroxide), and methanol 
were utilized in methyl ester change response. 

3.  Molecular weight of Waste cooking Oil 

   Atomic load of waste cooking oil can be determined from 
the corrosive worth (National Standard of China, GB 
5530-85) and saponification esteem (GB 5530-85) of WCO 
[22].  
The normal sub-atomic load of WCO is determined by :  
M = 56.1 × 1000 × 3/(SV – AV) 
Where, 
 AV is the corrosive worth (m KOH/m oil, mg/g) and SV is 
the saponification esteem (m KOH/m oil, mg/g). 
 Where, Acid and Saponification estimation of WCO is 1.7 
and 198.35 mg/g Resp. 
 Different advances pursued for biodiesel creation from 
squander cooking oil are depicted as following:  
For methyl ester change squander cooking oil test (100 ml) 
was first preheated to 500C. Methanol (by volume) and strong 
impetus (by weight) were blended and mixed in a different 
funnel shaped flagon.  
After that the blended example was included preheated 
squander cooking oil test.  
A batch reactor drenched in a water shower, able to keep up 
(± 10C) required response temperature, was utilized for 
trans-esterification. To blend the reactants appropriately a 
consistent shaker, which changes over the electric force into 
mechanical shaking, was utilized at impeller running at 300 
rpm. This was accomplished for various response times (10, 
20 and 30 minutes) for required examples.  

After trans-esterification the example was taken in an 
isolating pipe having a waste valve. The blend was made to 
make due with twenty four hours and afterward the glycerol 
was isolated. Excess methanol and contaminations were 
expelled by washing the methyl ester with refined water at 
400C.  
All of the above advances were rehashed for various 
estimations of parameters controlling creation yield, for 
example, unique molar proportions (5:1, 7:1, 9:1), distinctive 
response times (10,20 and 30 minutes), diverse response 
temperatures (50,60 and 700C) and utilizing various 
impetuses at various fixations (0.5,1.0 and 1.5 by weight%) 
of impetus. Figure 2 is shows glycerol detachment from 
methyl ester by utilizing isolating channel [14,16,18,21]. 

4. Esterification  

   Esterification is one of steps in biodiesel generation. It 
attempts to diminish FFA if FFA is over 2%. As given sample 
of waste cooking ottonseed oil has FFA less than 2%, direct 
trans-esterification process has been carried out [14]  

5. Trans-esterification 

 Trans-esterification process works so as to reduce viscosity 
of the biodiesel. In our case, FFA (Free Fatty Acid) was less 
than 2% so we conducted the  
trans-esterification step directly. Potassium hydroxide was 
utilized as impetus in this procedure. 
The measure of impetus had an effect in the change of esters 
during the trans-esterification process. The response was 
completed utilizing 1% of impetus focus. Before 
trans-esterification process, Potassium hydroxide was first 
combined with methanol in one compartment before adding 
to the waste cooking oil. In the wake of including the 
methanol/Potassium hydroxide and waste cooking oil the 
instigator was utilized to blend the solvents until they got 
cloudy. This was then warmed to about 50° C for 20 minutes 
as appeared in fig. 1 [14]. 

  

 Fig. 1 .Trans-esterification process 
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1. Product Separation   

    After the trans-esterification process, the resultant 
biodiesel was left to lie for at any rate 8 hours. Isolating pipe 
was utilized to isolate the top (methyl ester) and base 
(glycerol) layers. Two layers could unmistakably be found in 
the effective fundamental trans-esterification biodiesel tests. 
The top layer was  

predominantly made out of free unsaturated fat methyl esters. 
The base store was for the most part comprised of glycerol, 
salts, cleanser, different pollutions and abundance methanol 
as it is an extremely polar compound for example it segments 
more with polar glycerol instead of the non-polar methyl 
esters as appeared in fig. 2 [14] 

Fig. 2.Separation of FAME and glycerine 
 

2.  Washing  

   The top methyl ester layer was isolated and evacuated. The 
water washing process was pursued for the biodiesel. When 
isolated from the glycerine, the biodiesel is at times refined 
by washing tenderly with warm water to evacuate leftover 
impetus or cleansers, dried, and sent to capacity. In certain 
procedures this progression is superfluous. This is  

 
typically the finish of the generation procedure bringing 
about an unmistakable golden yellow fluid  
with a consistency like petro diesel. In certain frameworks 
the biodiesel is refined in an extra advance to expel limited 
quantities of shading bodies  
to deliver a vapid biodiesel as appeared in fig. 3 [14, 21]. 

Fig. 3.Washing and distillation process 
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3. Drying 

In the wake of washing water still have inside biodiesel. 
Along these lines the water must be expelled from the 

biodiesel utilizing drying at 1200C for 24 hour as appeared in 
fig.4 

 

 

 

Fig. 4.Biodiesel after drying 
 

4.   Properties of Biodiesel 

 The benefits of Biodiesel over Diesel fuel are higher ignition 
proficiency, higher cetane number and higher 
biodegradability and less carbon monoxide discharges. 
Anyway with the natural points of interest of biodiesel, the 
weaknesses of utilizing Biodiesel merit referencing. These 
incorporate somewhat higher NOx (nitrogen oxide) 
emanations, cold beginning issues, lower vitality content, 
higher copper strip consumption and fuel siphoning trouble  
coming about because of higher consistency. As of now, 
biodiesel is costly to create than diesel, which gives off an 
impression of being the essential factor in averting its 
increasingly across the board use.  

There are different thermodynamic and physical properties of 
feed oils which are very significant for the procedure 
displaying and recreation instruments.  
Thermo-physical properties of biodiesel are utilized for the 
portrayal of biodiesel and they are additionally required for 
the burning displaying [7,10,12] Physical properties of 
biodiesel and their qualities or range are given in the table 4 
[16]. 

 

Table-IV : Physical Properties of Biodiesel 

  Properties Unit Diesel  WCO 

(ASTM D975) Biodiesel 
 

(ASTM PS 121) 

    

Chemical Properties 

1 Acid Value mg KOH/g 0.11 0.44 
2 Cetane number - 46 52 
3 Water  content mg/kg <200 320 
Physical Properties 

4 Density g/cm3 0.8 0.868 
5 Viscosity mm2/s 2.5 3.58 
6 Flash point  0C >55 135 
7 Fire point 0C 60 141 
8 Calorific value KJ/kg 42,000 37531 
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III. RESULTS AND DISCUSSION   

A. Optimization experiment 

Difference investigation results demonstrated measurable 
hugeness of picked conditions. The F-esteem for every 
parameter demonstrates which parameter has critical impact 
on item yield and is  

essentially a proportion of the squared deviation to the mean 
of squared blunder. Typically, bigger F-esteem shows more 
noteworthy impact on the yield because of the difference in 
the process parameter. Ideal blend of procedure parameters 
was anticipated utilizing ANOVA as appeared in Figure 5 
[16] 

Figure 5: Factorial effect graphs 

 

 

1. Effect of alcohol to oil molar ratio: 

   Among the four conditions chosen, liquor to crude oil 
molar proportion was found as the most huge parameter for 
trans-esterification [20]. The liquor to oil molar proportions 
5:1, 7:1, 9:1 were coded as 1, 2  
and 3. Results show the best return (69%) for the liquor to oil 
molar proportion as 7:1. This most  
extreme worth is very well above mean yield an incentive as 
appeared in fig. 5 Optimum liquor to oil molar proportion is 
subsequently 7:1. Purpose behind this might be the immersed 
conditions to synthetic action with the crude WCO along 
these  
lines giving most extreme conceivable change of the oil into 
the biodiesel. For the proportion relating to the main level, 
the yield is almost about the mean worth while the apportion 
comparing to the third level has the yield dropped extensively 
beneath the mean worth. This may be because of abundance 
of liquor accessible that prompts weakening of response 
blend subsequently bringing down the yield of the oil. 
Accordingly the ideal estimation of liquor to oil molar 
proportion is 7:1 [16]. 

2.  Effect of catalyst concentration: 

    The measure of impetus utilized in the process is another 
variable to consider, on the grounds that it decides the 
response rate. Impetus focus was found as the third most 
critical procedure parameter [6]. Potassium hydroxide 
(KOH) was chosen as an impetus in light of the fact that the 
base basic impetus gives a high Biodiesel yield in a short 
response time and the response can be done in 
straightforward hardware [8]. The impact of Potassium 
hydroxide sum on WCO mean rate yield is displayed in Fig. 
5. Impetus fixation was takes as 0.5, 1, and 1.5 grams coded 
as 1, 2, and 3 individually were examined. Results 
demonstrate that most extreme yield (66.5%) is for 1 gram of 
impetus fixation. For the other two levels in particular 1 and 
3, the yield is seen as altogether lower than the mean 

estimation of the yield. The primary degree of impetus focus 
gives the lower yield. This may be because of deficiency of 
the impetus fixation important for ester transformation. In 
any case, the third level additionally gives still lower yield. 
This may be because of the explanation that the additional 
impetus fixation supports the arrangement of glycerol as 
opposed to the biodiesel for example ester. So the greatest 
yield of about 66.5% is acquired at the second level for 
example 1% impetus focus [16]. 

3. Effect of Reaction time: 

   Response time of 10, 20, and 30 minutes was considered 
and coded as 1, 2 and 3 separately. To accomplish adequate 
contact between the reagents and the oil during response, 
they should be mixed well at consistent rate and all around 
combined [20]. For 10 minutes of response time, yield 
created was nearer to the mean yield esteem and for 30 
minutes of response time, yield delivered was underneath 
mean yield esteem. Figure 5 shows that the greatest yield 
(67%) was acquired for response time of 20 minutes. The 
yield acquired for the principal level is just somewhat over 
the mean worth while if there should arise an occurrence of 
the third level, the yield is extensively dropped to 60.25%. 
This may be because of the explanation that the span past 20 
minutes is the additional time coming about into more 
glycerol development bringing about the drop of biodiesel 
yield. So the ideal time of trans-esterification is 20 minutes 
that yields the most noteworthy for example 67 % of 
biodiesel [16]. 

4. Effect of Reaction temperature: 

    The impact of response temperature on mean yield rate is 
appeared in Fig. 5. Depending on the oil used, 
trans-esterification can occur at different temperatures. The 
maximum yield percentage was obtained at 50°C 
temperature.  
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It is seen that at the first level i.e. at 50°C, the biodiesel yield 
is considerably above mean value. With the increasing in 
temperature, yield gets dropped. This might be due to some 
hindrances for catalytic. Further at still increased temperature 
at third level    i.e. at 70°C, there is slight improvement in the 
yield but still it is lower than the mean value. Therefore the 
optimum reaction temperature is at the first level i.e. 50°C 
[16]. 

B. Properties of WCO based biodiesel   

   In this present work physical property and chemical 
properties were tested. Chemical property tested comprises 
of acid value, iodine number, water content (moisture 
content), cetane number etc. Also, physical property test 
comprises of viscosity, density, and calorific value, flash and 
fire point. Following table sheds light on comparative 
discussion on property of waste cooking oil biodiesel and 
standard diesel. It can be seen that, properties better and 
closer to standard diesel. Biodiesel was set up out of Waste 
Cooking Oil and the properties were examined [19].  
1. The estimation of thickness of Waste Cooking Oil 
Biodiesel is 3.58 centipoise. This worth satisfies the ASTM 
guideline (ASTM PS 121).  
2. 868 kg/m3 is the estimation of thickness of Waste Cooking 
Oil Biodiesel got during thickness test which likewise fulfills 
ASTM standard (ASTM PS 121)  
3. Squander Cooking Oil Biodiesel has a Flash purpose of 
1350C and a fire purpose of 1410C. Both this qualities fulfills 
ASTM standard.  
4. Corrosive estimation of Waste Cooking Oil Biodiesel is 
0.44 mgKOH/g and Water substance of Waste Cooking Oil 
Biodiesel is 320 mg/kg (ASTM PS 121)  
5. Squander Cooking Oil Biodiesel has a saponification 
estimation of 117.81mgKOH/g.  
6. Cetane number of Waste Cooking Oil Biodiesel is 52 
which meets the ASTM PS 121 Standard.  
7. Calorific estimation of Waste Cooking Oil Biodiesel is 
37531 KJ/kg.  

 
Biodiesel created structure Waste Cooking Oil has 

comparable properties as some other biodiesel. The qualities 
for motor execution related properties like thickness and 
consistency are inside standard worth. Water content is 
likewise in run. This shows it can use in CI motors as a 
substitute fuel. Fuel security related properties, Acid worth 
and saponification estimation of Waste Cooking Oil 
Biodiesel is likewise inside the range. Hence it has great 
stockpiling strength. Higher glimmer point and fire point 
infers that it very well may be moved and took care of 
securely. 

C. Economics of the WCO based biodiesel: (Cost Analysis) 

1. Waste cooking Oil cost (A) = 10 Rupees /litre 

2. Energy cost for 1 Litre waste cooking oil (B) 
Energy cost = Electrical energy required   cost per unit = 28.0 
Rupees 
Where,   
 Electrical energy required= 4.0 kWh 
 Electrical energy cost= 7 Rupees /kWh 
3. Transport cost (C) =2.0 Rupees /Litre 
4. Total operating cost (D) = 6.0 Rupees. 

  Variable operating cost = Labour + Maintenance    + Other 
Charges = 4.0 Rupees 
Where,              
 Labour Charges =2 Rupees /litre 
 Other Charges = 2 Rupees /litre 
 Fixed operating cost = Capital cost + other Charge 
           = 2.0 Rupees /litre 
Where,  
 Capital cost applied per kg = 1 Rupees /litre 
 Other Fixed Charges = 1 Rupees /litre 
Total operating cost = Fixed cost + Variable cost= 6.00 
Rupees. 
5. Cost of by product (Glycerol) (E) = 4 Rupees / litre                                     
6. Total cost of waste cooking oil/Litre = (A+B+C+D) – (E) 
= 41 Rupees / litre 
7. Price of diesel fuel oil/ Litre = 60.27 Rupees / litre 
Cost of diesel fuel is 60.27 Rupees/liter and cost of waste 
cooking oil is 41 Rupees/liter and this utilization of waste 
cooking oil additionally fills the need of waste administration 
which is one of the most significant difficulties to our general 
public and for our feasible advancement. The expense of 
waste cooking oil is 31.97 % not as much as diesel fuel. 

IV. CONCLUSION 

In this investigation, WCO based Biodiesel is created by 
utilizing trans-esterification process. It was upgraded 
utilizing Taguchi test plan. Utilizing ANOVA, the ideal 
estimations of every parameter are resolved. The outcomes 
show that exceptionally compelling parameters in the 
creation of WCO based Biodiesel are molar proportion of 
liquor to oil, % Catalyst, response time and temperature. The 
liquor to oil proportion is the most noteworthy parameter 
among the all. The request for criticalness for different 
parameters is season of response, impetus fixation, and 
response temperature. From the outcomes, it is likewise seen 
that that % yield changes from preliminary to preliminary. 
From the chart of fundamental impacts plot, the most 
elevated % yields relate to 7:1 molar proportion, 1 % 
impetus, 20 min time units, and 500C as response 
temperature. The cooperative energy impact of every one of 
these parameters when utilized at their ideal levels, results 
into 75.18% biodiesel yield which is clearly the most 
noteworthy among every one of the runs. This approves the 
aftereffects of streamlining. The property estimations similar 
with the diesel fuel additionally uncover that the WCO based 
biodiesel got in our work is reasonable for mixing with the 
regular diesel. Such a development of utilizing biodiesel as 
an incomplete supplant will lead towards practical 
improvement.  
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