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                    Abstract
This study aimed at modeling and optimizing the production of fatty acid methyl esters from esterified palm kernel oil using two heterogeneous biowaste catalysts namely calcined banana peel ash (CBPA) and calcined cocoa pod husk ash (CCPHA). The central composite design of response surface methodology (RSM) was employed for investigating the individual and interactive effects of the process input variables (methanol/oil ratio, catalyst weight and reaction time) on the palm kernel oil methyl esters (PKOME) yield. The same optimal conditions (methanol/oil ratio 0.8 v/v, catalyst weight 4 wt% and reaction time 65 min) were predicted by RSM for the transesterification reaction catalyzed by CBPA and CCPHA at constant temperature of 65 °C. The observed PKOME yields under the optimal condition using the two catalysts were 99.5 and 99.3 wt% for CBPA and CCPHA, respectively. The developed quadratic models were appraised using different statistical indicators such as coefficient of determination (R2) and average absolute deviation (AAD). R2 of 0.9064 and 0.8245 and AAD of 0.5526 and 0.6901 computed for CBPA and CCPHA-catalyzed transesterification reactions, respectively, showed both models gave good predictions. In both cases, methanol/oil ratio was the most significant factor on the PKOME yield. The PKOME produced using the two catalysts satisfied both the ASTM D6751 and EN 14214 standard specifications. Both banana fruit peel and cocoa pod husk could adequately serve as low-cost feedstock for PKOME synthesis.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Response surface optimization of biodiesel synthesis over a novel biochar-based heterogeneous catalyst from cultivated (Musa sapientum) banana peels
                                        
                                    

                                    
                                        Article
                                        
                                         21 March 2020
                                    

                                

                                Jakkrapong Jitjamnong, Chachchaya Thunyaratchatanon, … Nonlapan Khantikulanon

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Optimization of process variables on two-step microwave-assisted transesterification of waste cooking oil
                                        
                                    

                                    
                                        Article
                                        
                                         01 June 2019
                                    

                                

                                Kolli Venkata Supraja, Bunushree Behera & Balasubramanian Paramasivan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Heterogeneous Base Catalyst from Hybrid Banana-and-Plantain Peels in papaya Seed Oil (Carica papaya) Methyl-Ester Synthesis
                                        
                                    

                                    
                                        Article
                                        
                                         16 February 2024
                                    

                                

                                C. B. Ezekannagha, O. D. Onukwuli, … I. A. Nnanwube

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Abbreviations
	AAD:
	
                    Average absolute deviation

                  
	ANOVA:
	
                    Analysis of variance

                  
	CBPA:
	
                    Calcined banana peel ash

                  
	CCD:
	
                    Central composite design

                  
	CCPHA:
	
                    Calcined cocoa pod husk ash

                  
	EPKO:
	
                    Esterified palm kernel oil

                  
	FAME:
	
                    Fatty acid methyl esters

                  
	HSC:
	
                    Heterogeneous solid catalyst

                  
	MSE:
	
                    Mean square error

                  
	MAE:
	
                    Mean absolute error

                  
	PKOME:
	
                    Palm kernel oil methyl esters

                  
	
                    R
                  :
	
                    Correlation coefficient

                  
	
                    R
                    2
                  :
	
                    Coefficient of determination

                  
	RMSE:
	
                    Root mean square error

                  
	RSM:
	
                    Response surface methodology

                  
	SEP:
	
                    Standard error of prediction

                  



References
	Jeong, G.-T., Yang, H.-S., Park, D.-H.: Optimization of transesterification of animal fat ester using response surface methodology. Bioresour. Technol. 100(1), 25–30 (2009)
Article 
    
                    Google Scholar 
                

	Rashid, U., Anwar, F., Knothe, G.: Evaluation of biodiesel obtained from cottonseed oil. Fuel Process. Technol. 90(9), 1157–1163 (2009)
Article 
    
                    Google Scholar 
                

	Wang, L., Yu, H., He, X., Liu, R.: Influence of fatty acid composition of woody biodiesel plants on the fuel properties. J. Fuel Chem. Technol. 40(4), 397–404 (2012)
Article 
    
                    Google Scholar 
                

	Hameed, B., Lai, L., Chin, L.: Production of biodiesel from palm oil (Elaeis guineensis) using heterogeneous catalyst: an optimized process. Fuel Process. Technol. 90(4), 606–610 (2009)
Article 
    
                    Google Scholar 
                

	Verma, P., Sharma, M.: Comparative analysis of effect of methanol and ethanol on Karanja biodiesel production and its optimisation. Fuel 180, 164–174 (2016)
Article 
    
                    Google Scholar 
                

	Guzatto, R., Defferrari, D., Reiznautt, Q.B., Cadore, ÍR., Samios, D.: Transesterification double step process modification for ethyl ester biodiesel production from vegetable and waste oils. Fuel 92(1), 197–203 (2012)
Article 
    
                    Google Scholar 
                

	Stamenković, O.S., Veličković, A.V., Veljković, V.B.: The production of biodiesel from vegetable oils by ethanolysis: current state and perspectives. Fuel 90(11), 3141–3155 (2011)
Article 
    
                    Google Scholar 
                

	Yusoff, M.F.M., Xu, X., Guo, Z.: Comparison of fatty acid methyl and ethyl esters as biodiesel base stock: a review on processing and production requirements. J. Am. Oil Chem. Soc. 91(4), 525–531 (2014)
Article 
    
                    Google Scholar 
                

	Atabani, A.E., Silitonga, A.S., Badruddin, I.A., Mahlia, T., Masjuki, H., Mekhilef, S.: A comprehensive review on biodiesel as an alternative energy resource and its characteristics. Renew. Sustain. Energy Rev. 16(4), 2070–2093 (2012)
Article 
    
                    Google Scholar 
                

	Atadashi, I., Aroua, M., Aziz, A.A., Sulaiman, N.: Production of biodiesel using high free fatty acid feedstocks. Renew Sustain. Energy Rev. 16(5), 3275–3285 (2012)
Article 
    
                    Google Scholar 
                

	Betiku, E., Adepoju, T., Solomon, B.: Statistical approach to alcoholysis optimization of sorrel (Hibiscus sabdariffa) seed oil to biodiesel and emission assessment of its blends. Ife J. Technol. 21, 20–24 (2012)

                    Google Scholar 
                

	Nakpong, P., Wootthikanokkhan, S.: Roselle (Hibiscus sabdariffa L.) oil as an alternative feedstock for biodiesel production in Thailand. Fuel 89(8), 1806–1811 (2010)
Article 
    
                    Google Scholar 
                

	Alamu, O., Waheed, M., Jekayinfa, S.: Biodiesel production from Nigerian palm kernel oil: effect of KOH concentration on yield. Energy Sustain. Dev. 11(3), 77–82 (2007)
Article 
    
                    Google Scholar 
                

	Avramović, J.M., Veličković, A.V., Stamenković, O.S., Rajković, K.M., Milić, P.S., Veljković, V.B.: Optimization of sunflower oil ethanolysis catalyzed by calcium oxide: RSM versus ANN-GA. Energy Convers. Manag. 105, 1149–1156 (2015)
Article 
    
                    Google Scholar 
                

	Mostafaei, M., Javadikia, H., Naderloo, L.: Modeling the effects of ultrasound power and reactor dimension on the biodiesel production yield: comparison of prediction abilities between response surface methodology (RSM) and adaptive neuro-fuzzy inference system (ANFIS). Energy 115, 626–636 (2016)
Article 
    
                    Google Scholar 
                

	Dhawane, S.H., Bora, A.P., Kumar, T., Halder, G.: Parametric optimization of biodiesel synthesis from rubber seed oil using iron doped carbon catalyst by Taguchi approach. Renew. Energy 105, 616–624 (2017)
Article 
    
                    Google Scholar 
                

	Zhang, Y., Dube, M., McLean, D., Kates, M.: Biodiesel production from waste cooking oil: 2. Economic assessment and sensitivity analysis. Bioresour. Technol. 90(3), 229–240 (2003)
Article 
    
                    Google Scholar 
                

	Lam, M.K., Lee, K.T., Mohamed, A.R.: Homogeneous, heterogeneous and enzymatic catalysis for transesterification of high free fatty acid oil (waste cooking oil) to biodiesel: a review. Biotechnol. Adv. 28(4), 500–518 (2010)
Article 
    
                    Google Scholar 
                

	Betiku, E., Ajala, S.O.: Modeling and optimization of Thevetia peruviana (yellow oleander) oil biodiesel synthesis via Musa paradisiacal (plantain) peels as heterogeneous base catalyst: a case of artificial neural network vs. response surface methodology. Ind. Crops Prod. 53, 314–322 (2014)
Article 
    
                    Google Scholar 
                

	Betiku, E., Akintunde, A.M., Ojumu, T.V.: Banana peels as a biobase catalyst for fatty acid methyl esters production using Napoleon’s plume (Bauhinia monandra) seed oil: a process parameters optimization study. Energy 103, 797–806 (2016)
Article 
    
                    Google Scholar 
                

	Onoji, S.E., Iyuke, S.E., Igbafe, A.I., Daramola, M.O.: Transesterification of rubber seed oil to biodiesel over a calcined waste rubber seed shell catalyst: modeling and optimization of process variables. Energy Fuels (2017)

	Ezebor, F., Khairuddean, M., Abdullah, A.Z., Boey, P.L.: Oil palm trunk and sugarcane bagasse derived solid acid catalysts for rapid esterification of fatty acids and moisture-assisted transesterification of oils under pseudo-infinite methanol. Bioresour. Technol. 157, 254–262 (2014)
Article 
    
                    Google Scholar 
                

	Deka, D.C., Basumatary, S.: High quality biodiesel from yellow oleander (Thevetia peruviana) seed oil. Biomass Bioenergy 35(5), 1797–1803 (2011)
Article 
    
                    Google Scholar 
                

	Betiku, E., Etim, A.O., Pereao, O., Ojumu, T.V.: Two-step conversion of neem (Azadirachta indica) seed oil into fatty methyl esters using an heterogeneous biomass-based catalyst: an example of cocoa pod husk. Energy Fuels 31(6), 6182–6193 (2017)
Article 
    
                    Google Scholar 
                

	Ofori-Boateng, C., Lee, K.T.: The potential of using cocoa pod husks as green solid base catalysts for the transesterification of soybean oil into biodiesel: effects of biodiesel on engine performance. Chem. Eng. J. 220, 395–401 (2013)
Article 
    
                    Google Scholar 
                

	Dhawane, S.H., Kumar, T., Halder, G.: Central composite design approach towards optimization of flamboyant pods derived steam activated carbon for its use as heterogeneous catalyst in transesterification of Hevea brasiliensis oil. Energy Convers. Manag. 100, 277–287 (2015)
Article 
    
                    Google Scholar 
                

	Dehkhoda, A.M., West, A.H., Ellis, N.: Biochar based solid acid catalyst for biodiesel production. Appl. Catal. A 382(2), 197–204 (2010)
Article 
    
                    Google Scholar 
                

	Sebayang, A.H., Hassan, M.H., Ong, H.C., Dharma, S., Silitonga, A.S., Kusumo, F., Mahlia, T.M.I., Bahar, A.H.: Optimization of reducing sugar production from Manihot glaziovii starch using response surface methodology. Energies 10(1), 35 (2017)
Article 
    
                    Google Scholar 
                

	Betiku, E., Odude, V., Ishola, N.B., Bamimore, A., Osunleke, S.A., Okeleye, A.A.: Predictive capability evaluation of RSM, ANFIS and ANN: a case of reduction of high free fatty acid of palm kernel oil via esterification process. Energy Convers. Manag. 124, 219–230 (2016)
Article 
    
                    Google Scholar 
                

	Ishola, N.B., Adeyemi, O.O., Adesina, A.J., Odude, V.O., Oyetunde, O.O., Okeleye, A.A., Soji-Adekunle, A.R., Betiku, E.: Adaptive neuro-fuzzy inference system-genetic algorithm vs. response surface methodology: a case of ferric sulfate-catalyzed esterification of palm kernel oil. Process Saf. Environ. Prot. 111, 211–220 (2017)
Article 
    
                    Google Scholar 
                

	Naik, M., Meher, L., Naik, S., Das, L.: Production of biodiesel from high free fatty acid Karanja (Pongamia pinnata) oil. Biomass Bioenergy 32(4), 354–357 (2008)
Article 
    
                    Google Scholar 
                

	Zhang, J., Chen, S., Yang, R., Yan, Y.: Biodiesel production from vegetable oil using heterogenous acid and alkali catalyst. Fuel 89(10), 2939–2944 (2010)
Article 
    
                    Google Scholar 
                

	Shanmugaprakash, M., Kirthika, J., Ragupathy, J., Nilanee, K., Manickam, A.: Statistical based media optimization and production of naringinase using Aspergillus brasiliensis 1344. Int. J. Biol Macromol. 64, 443–452 (2014)
Article 
    
                    Google Scholar 
                

	Emeko, H.A., Olugbogi, A.O., Betiku, E.: Appraisal of artificial neural network and response surface methodology in modeling and process variable optimization of oxalic acid production from cashew apple juice: a case of surface fermentation. BioResources 10(2), 2067–2082 (2015)
Article 
    
                    Google Scholar 
                

	Ma, F., Hanna, M.A.: Biodiesel production: a review. Bioresour. Technol. 70(1), 1–15 (1999)
Article 
    
                    Google Scholar 
                

	Joglekar, A.A.M.: Product excellence through design of experiments. Cereal Foods World 32, 857–868 (1987)

                    Google Scholar 
                

	Odude, V.O.: Modelling and optimization of palm kernel oil (Elaeis guineensis) biodiesel production using homogenous and heterogeneous catalysts. M.Sc.Thesis, Obafemi Awolowo University (2015)

	Alamu, O., Waheed, M., Jekayinfa, S.: Effect of ethanol–palm kernel oil ratio on alkali-catalyzed biodiesel yield. Fuel 87(8), 1529–1533 (2008)
Article 
    
                    Google Scholar 
                

	Attanatho, L., Magmee, S., Jenvanitpanjakul, P.: Factors affecting the synthesis of biodiesel from crude palm kernel oil. In: Proceedings of the Joint International Conference on Sustainable Energy and Environment (SEE’04) (2004)

	Benjapornkulaphong, S., Ngamcharussrivichai, C., Bunyakiat, K.: Al2O3-supported alkali and alkali earth metal oxides for transesterification of palm kernel oil and coconut oil. Chem. Eng. J. 145(3), 468–474 (2009)
Article 
    
                    Google Scholar 
                

	Ngamcharussrivichai, C., Totarat, P., Bunyakiat, K.: Ca and Zn mixed oxide as a heterogeneous base catalyst for transesterification of palm kernel oil. Appl. Catal. A 341, 77–85 (2008)
Article 
    
                    Google Scholar 
                

	Ngamcharussrivichai, C., Wiwatnimit, W., Wangnoi, S.: Modified dolomites as catalysts for palm kernel oil transesterification. J. Mol. Catal. A 276, 24–33 (2007)
Article 
    
                    Google Scholar 
                

	Jitputti, J., Kitiyanan, B., Rangsunvigit, P., Bunyakiat, K., Attanatho, L., Jenvanitpanjakul, P.: Transesterification of crude palm kernel oil and crude coconut oil by different solid catalysts. Chem. Eng. J. 116, 61–66 (2006)
Article 
    
                    Google Scholar 
                

	Dhawane, S.H., Kumar, T., Halder, G.: Biodiesel synthesis from Hevea brasiliensis oil employing carbon supported heterogeneous catalyst: optimization by Taguchi method. Renew. Energy 89, 506–514 (2016)
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
Authors gratefully acknowledged TV Ojumu for providing assistance in the development of the catalysts and B Oladipo for proofreading the manuscript.


Author information
Authors and Affiliations
	Biochemical Engineering Laboratory, Department of Chemical Engineering, Obafemi Awolowo University, Ile-Ife, 220005, Osun State, Nigeria
Victoria O. Odude, Ayo J. Adesina, Oluwaseyi O. Oyetunde, Omowumi O. Adeyemi, Niyi B. Ishola, Anietie Okon Etim & Eriola Betiku


Authors	Victoria O. OdudeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ayo J. AdesinaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Oluwaseyi O. OyetundeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Omowumi O. AdeyemiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Niyi B. IsholaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anietie Okon EtimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eriola BetikuView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Eriola Betiku.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Odude, V.O., Adesina, A.J., Oyetunde, O.O. et al. Application of Agricultural Waste-Based Catalysts to Transesterification of Esterified Palm Kernel Oil into Biodiesel: A Case of Banana Fruit Peel Versus Cocoa Pod Husk.
                    Waste Biomass Valor 10, 877–888 (2019). https://doi.org/10.1007/s12649-017-0152-2
Download citation
	Received: 12 June 2017

	Accepted: 17 November 2017

	Published: 21 November 2017

	Issue Date: 03 April 2019

	DOI: https://doi.org/10.1007/s12649-017-0152-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Palm kernel oil
	Biodiesel
	Heterogeneous catalyst
	Modeling
	Optimization








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.230.173.4
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    