
 
Simplex Lattice Mixture Design Application for Biodiesel 

Production: Formulation and Characterization of Hybrid Oil as 
Feedstock 

 

Purpose:  The purpose of this study is to investigate the formulation and 
optimization of a hybrid oil for biodiesel production using a Simplex Lattice 
mixture design. 

Five oil components were examined: waste kitchen oil (WKO), neem oil 
(NMO), shea butter (SHB), sesame oil (SEO), and palm kernel oil (PKO). Each 
experimental mixture had a total weight of 125 g. 

The main responses examined in the mixture model analysis were cetane 
number (CN), density, higher calorific value (HCV), and viscosity. 

Isalos version used: 2.2.0 

Scientific article: 

Nouadjep, N. S., et al. (2019). Simplex lattice mixture design application for 
biodiesel production: Formulation and characterization of hybrid oil as 
feedstock. Fuel, 252, 135–142. 

 

Step 1: Simplex Lattice Design 

In the first tab named “Action”, rename it to “Simplex Lattice”. Then, go to 
DOE → Mixtures → Mixtures Design. Select Simplex Lattice, set the number of 
components to 5 and the degree to 2. Define the bounds of components A, B, 
C, D and E from 0 to 1. Select Axial Points and Center Points, and click Execute 
to generate the mixture design. 



 

 

 

Results (right spreadsheet) : 

 



Step 2: DefiniƟon of Response Variables 
Create a new spreadsheet and rename it “Responses”. Enter the response 
values reported in the paper for the 26 experimental runs. The response 
variables are CN, Density, HCV, Viscosity and FFA. After entering the data, 
apply Data Transformation → Data Manipulation → Select Column(s) and 
include the CN, Density, HCV, Viscosity, and FFA response columns. 

 

 

 

 



 

 

 

 

Step 3: Data SelecƟon 
Create a tab named “Data”. To combine the mixture design with the response 
data, right-click on the spreadsheet and select Import from Multiple 
Spreadsheets. In the Multiple Spreadsheet Joiner, select Horizontal 
concatenation, with Simplex Lattice as the Left Spreadsheet and Responses as 
the Right Spreadsheet. Click Execute to combine the two spreadsheets into a 
single dataset. 

Then, go to Data Transformation → Data ManipulaƟon → Select Column(s). 
Exclude Standard Order, Block Number, Replicate Number, and Point Type, 
and include only A, B, C, D, E, CN, Density, HCV, Viscosity, and FFA. The 
resulting dataset contains the five mixture components and their 
corresponding response values. 



 

 

 

 

 



 

 

Results : 

 



Step 4: Regression Analysis for CN 
Create a new tab named “Regression-CN”. Right-click on the spreadsheet, 
select Import from Spreadsheet, choose the Data tab as input, and click 
Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select CN as the 
dependent variable, select A, B, C, D, and E as the mixture components, and 
choose Quadratic as the analysis type. Keep the confidence level at 95% and 
click Execute to obtain the fitted mixture model and its statistical results. 

 

 

 

 

 



 

 

 

 

 



Step 5: Regression Analysis for Density 
Create a new tab named “Regression-Density”. Right-click on the spreadsheet, 
select Import from Spreadsheet, choose the Data tab as input, and click 
Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select Density as 
the dependent variable, select A, B, C, D, and E as the mixture components, 
and choose Quadratic as the analysis type. Keep the confidence level at 95% 
and click Execute to obtain the fitted mixture model and its statistical results. 

 

 

 

 



 

 

 

 

Step 6: Regression Analysis for HCV 
Create a new tab named “Regression-HCV”. Right-click on the spreadsheet, 
select Import from Spreadsheet, choose the Data tab as input, and click 
Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select HCV as the 
dependent variable, select A, B, C, D, and E as the mixture components, and 



choose Quadratic as the analysis type. Keep the confidence level at 95% and 
click Execute to obtain the fitted mixture model and its statistical results. 

 

 

 

 

 



 

 

Step 7: Regression Analysis for Viscosity 
Create a new tab named “Regression-Viscosity”. Right-click on the 
spreadsheet, select Import from Spreadsheet, choose the Data tab as input, 
and click Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select Viscosity as 
the dependent variable, select A, B, C, D, and E as the mixture components, 
and choose Quadratic as the analysis type. Keep the confidence level at 95% 
and click Execute to obtain the fitted mixture model and its statistical results. 

 

 



 

 

 



Note : FFA was included in the experimental response data. However, no 
separate regression analysis was performed for FFA, since the paper reports 
fitted mixture models and ANOVA results only for CN, Density, HCV, and 
Viscosity. 

 

Final Isalos Workflow 
The final workflow is presented below : 
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