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                    Abstract
The dry anaerobic co-digestion is progressively implemented for treating manure with different agricultural wastes. Nanoparticles (NPs) were hypothesized to accelerate the dry anaerobic co-digestion process, which increases the biogas and methane production. The objective of this study is to produce biogas using dry anaerobic co-digestion of manure and whey with addition of photoactivated cobalt oxide nanoparticles (Co3O4 NPs). The effects of NPs on biogas and methane production were investigated using a specially designed batch anaerobic system, where a series of 2-L biodigesters were manufactured and implemented. The treatments were: mono-digestion of manure (control), co-digestion of manure with whey, co-digestion of manure and whey and 1, 2 and 5 mg/l of photoactivated Co3O4 NPs, respectively. The results revealed that the greatest specific production of biogas and CH4 (P < 0.0001) were attained through dry anaerobic co-digestion (AcoD) of manure and whey with 5 mg/l of photoactivated Co3O4 NPs and were 273.43 ml biogas g−1 VS and 169 ml CH4 g−1 VS, respectively; in comparison with the control (50.34 ml biogas g−1 VS and 28.01 ml CH4 g−1 VS). This treatment significantly raised biogas and CH4 volume (P < 0.0001) by 5.43 and 6.03 times those produced by the control, respectively. It can be concluded that implementing the dry anaerobic co-digestion technology with the addition of nanoparticles is an effective technique to biomass treatment.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Bioenergy production from chicken manure: a review
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 June 2023
                                    

                                

                                Ahmed Tawfik, Mohamed Eraky, … David W. Rooney

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The dissolved organic matter from the co-decomposition of Chinese milk vetch and rice straw induces the strengthening of Cd remediation by Fe-modified biochar
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 March 2024
                                    

                                

                                Ting Liang, Guopeng Zhou, … Weidong Cao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effects of anaerobic digestion of food waste on biogas production and environmental impacts: a review
                                        
                                    

                                    
                                        Article
                                        
                                         29 April 2021
                                    

                                

                                Kah Rong Chew, Hui Yi Leong, … Pau Loke Show

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abdelsalam, E., Hijazi, O., Samer, M., Yacoub, I. H., Ali, A. S., Ahmed, R. H., & Bernhardt, H. (2019a). Life cycle assessment of the use of laser radiation in biogas production from anaerobic digestion of manure. Renewable Energy, 142, 130–136.
Article 
    CAS 
    
                    Google Scholar 
                

	Abdelsalam, E. M., & Samer, M. (2019). Biostimulation of anaerobic digestion using nanomaterials for increasing biogas production. Reviews in Environmental Science and Bio/technology, 18(3), 525–541.
Article 
    CAS 
    
                    Google Scholar 
                

	Abdelsalam, E., Samer, M., Abdel-Hadi, M., Hassan, H., & Badr, Y. (2018). Influence of laser irradiation on rumen fluid for biogas production from dairy manure. Energy, 163, 404–415.
Article 
    CAS 
    
                    Google Scholar 
                

	Abdelsalam, E. M., Samer, M., Amer, M. A., & Amer, B. M. A. (2020). Biogas production using dry fermentation technology through co-digestion of manure and agricultural wastes. Environment, Development & Sustainability. https://doi.org/10.1007/s10668-020-00991-9
Article 
    
                    Google Scholar 
                

	Abdelsalam, E., Samer, M., Attia, Y., Abdel-Hadi, M. A., Hassan, H. E., & Badr, Y. (2017a). Effects of Co and Ni nanoparticles on biogas and methane production from anaerobic digestion of slurry. Energy Conversion and Management, 141, 108–119.
Article 
    CAS 
    
                    Google Scholar 
                

	Abdelsalam, E., Samer, M., Attia, Y., Abdel-Hadi, M. A., Hassan, H. E., & Badr, Y. (2017b). Influence of zero valent iron nanoparticles and magnetic iron oxide nanoparticles on biogas and methane production from anaerobic digestion of manure. Energy, 120, 842–853.
Article 
    CAS 
    
                    Google Scholar 
                

	Abdelsalam, E., Samer, M., Attia, Y., Abdel-Hadi, M., Hassan, H., & Badr, Y. (2019b). Effects of laser irradiation and Ni nanoparticles on biogas production from anaerobic digestion of slurry. Waste and Biomass Valorization, 10(11), 3251–3262.
Article 
    CAS 
    
                    Google Scholar 
                

	Ali, A., Mahar, R. B., Abdelsalam, E. M., & Sherazi, S. T. H. (2019). Kinetic modeling for bioaugmented anaerobic digestion of the organic fraction of municipal solid waste by using Fe3O4 Nanoparticles. Waste and Biomass Valorization, 10(11), 3213–3224.
Article 
    CAS 
    
                    Google Scholar 
                

	Anjum, M., Al-Makishah, N. H., & Barakat, M. (2016). Wastewater sludge stabilization using pre-treatment methods. Process Safety and Environmental Protection, 102, 615–632.
Article 
    CAS 
    
                    Google Scholar 
                

	Anjum, M., Kumar, R., Al-Talhi, H. A., Mohamed, S. A., & Barakat, M. (2018). Valorization of biogas production through disintegration of waste activated sludge using visible light ZnO–ZnS/Ag2O–Ag2S photocatalyst. Process Safety and Environmental Protection, 119, 330–339.
Article 
    CAS 
    
                    Google Scholar 
                

	Attia, Y. A. (2016). Ag/ZnO/graphene-tert-butyldimethylsilyl chloride hybrid nanocomposite as highly efficient catalyst for hydrogen production. Materials Express, 6(3), 211–219.
Article 
    CAS 
    
                    Google Scholar 
                

	Attia, Y. A., Samer, M., Moselhy, M. A., Arisha, A. H., Abdelqader, A. A., & Abdelsalam, E. (2021). Influence of laser photoactivated graphitic carbon nitride nanosheets and nickel nanoparticles on purple non-sulfur bacteria for biohydrogen production from biomass. Journal of Cleaner Production, 299, 126898. https://doi.org/10.1016/j.jclepro.2021.126898
Article 
    CAS 
    
                    Google Scholar 
                

	Attia, Y. A., Vázquez, C. V., & Mohamed, Y. M. (2017). Facile production of vitamin B3 and other heterocyclic carboxylic acids using an efficient Ag/ZnO/graphene-Si hybrid nanocatalyst. Research on Chemical Intermediates, 43(1), 203–218.
Article 
    CAS 
    
                    Google Scholar 
                

	Bayrakdar, A., Sürmeli, R. Ö., & Çalli, B. (2017). Dry anaerobic digestion of chicken manure coupled with membrane separation of ammonia. Bioresource Technology, 244, 816–823.
Article 
    CAS 
    
                    Google Scholar 
                

	Capson-Tojo, G., Trably, E., Rouez, M., Crest, M., Steyer, J. P., Delgenès, J. P., & Escudié, R. (2017). Dry anaerobic digestion of food waste and cardboard at different substrate loads, solid contents and co-digestion proportions. Bioresource Technology, 233, 166–175.
Article 
    CAS 
    
                    Google Scholar 
                

	Chen, Y., Cheng, J. J., & Creamer, K. S. (2008). Inhibition of anaerobic digestion process: A review. Bioresource Technology, 99(10), 4044–4064.
Article 
    CAS 
    
                    Google Scholar 
                

	El-Hussein, M. S. (2021). Photobiostimulation of anaerobic digestion by laser irradiation and photocatalytic effects of trace metals and nanomaterials on biogas production. International Journal of Energy Research, 45, 141–150.
Article 
    
                    Google Scholar 
                

	Eriksson, M., Osowski, C. P., Malefors, C., Björkman, J., & Eriksson, E. (2017). Quantification of food waste in public catering services—A case study from a Swedish municipality. Waste Management, 61, 415–422.
Article 
    
                    Google Scholar 
                

	Fao, F. W. F. (2013). Impacts on natural resources. FAO.

                    Google Scholar 
                

	Farhadi, S., Javanmard, M., & Nadri, G. (2016). Characterization of cobalt oxide nanoparticles prepared by the thermal decomposition. Acta Chimica Slovenica, 63(2), 335–343.
Article 
    CAS 
    
                    Google Scholar 
                

	Gnanasekaran, L., Pachaiappan, R., Kumar, P. S., Hoang, T. K. A., Rajendran, S., Durgalakshmi, D., Soto-Moscoso, M., Cornejo-Ponce, L., & Gracia, F. (2021). Visible light driven exotic p (CuO)–n (TiO2) heterojunction for the photodegradation of 4-chlorophenol and antibacterial activity. Environmental Pollution, 287, 117304.
Article 
    CAS 
    
                    Google Scholar 
                

	Goulding, D., & Power, N. (2013). Which is the preferable biogas utilisation technology for anaerobic digestion of agricultural crops in Ireland: Biogas to CHP or biomethane as a transport fuel? Renewable Energy, 53, 121–131.
Article 
    
                    Google Scholar 
                

	Hijazi, O., Abdelsalam, E., Samer, M., Attia, Y. A., Amer, B. M. A., Amer, M. A., Badr, M., & Bernhardt, H. (2020a). Life cycle assessment of the use of nanomaterials in biogas production from anaerobic digestion of manure. Renewable Energy, 148, 417–424.
Article 
    CAS 
    
                    Google Scholar 
                

	Hijazi, O., Abdelsalam, E., Samer, M., Amer, B. M. A., Yacoub, I. H., Moselhy, M. A., Attia, Y. A., & Bernhardt, H. (2020b). Environmental impacts concerning the addition of trace metals in the process of biogas production from anaerobic digestion of slurry. Journal of Cleaner Production, 243, 118593.
Article 
    CAS 
    
                    Google Scholar 
                

	Hijazi, O., Abdelsalam, E., Samer, M., Amer, B. M. A., Yacoub, I. H., Moselhy, M. A., Attia, Y. A., & Bernhardt, H. (2020c). Environmental impacts concerning the addition of trace metals in the process of biogas production from anaerobic digestion of slurry. Journal of Cleaner Production, 243, 118593.
Article 
    CAS 
    
                    Google Scholar 
                

	Karthikeyan, O. P., & Visvanathan, C. (2013). Bio-energy recovery from high-solid organic substrates by dry anaerobic bio-conversion processes: A review. Reviews in Environmental Science and Bio/technology, 12(3), 257–284.
Article 
    CAS 
    
                    Google Scholar 
                

	Keerthana, S. P., Yuvakkumar, R., Kumar, P. S., Ravi, G., & Velauthapillai, D. (2021b). Rare earth metal (Sm) doped zinc ferrite (ZnFe2O4) for improved photocatalytic elimination of toxic dye from aquatic system. Environmental Research, 197, 111047.
Article 
    CAS 
    
                    Google Scholar 
                

	Keerthana, S. P., Yuvakkumar, R., SenthilKumar, P., Ravi, G., Vo, D.-V.N., & Velauthapillai, D. (2021a). Influence of tin (Sn) doping on Co3O4 for enhanced photocatalytic dye degradation. Chemosphere, 277, 130325.
Article 
    CAS 
    
                    Google Scholar 
                

	Lehtomäki, A., Huttunen, S., & Rintala, J. (2007). Laboratory investigations on co-digestion of energy crops and crop residues with cow manure for methane production: Effect of crop to manure ratio. Resources, Conservation and Recycling, 51(3), 591–609.
Article 
    
                    Google Scholar 
                

	Melikoglu, M., Lin, C. S. K., & Webb, C. (2013). Analysing global food waste problem: Pinpointing the facts and estimating the energy content. Central European Journal of Engineering, 3(2), 157–164.
CAS 
    
                    Google Scholar 
                

	Murugesan, A., Loganathan, M., Kumar, P. S., & Vo, D.-V.N. (2021). Cobalt and nickel oxides supported activated carbon as an effective photocatalysts for the degradation Methylene Blue dye from aquatic environment. Sustainable Chemistry and Pharmacy, 21, 100406.
Article 
    
                    Google Scholar 
                

	Salama, W., & Abdelsalam, E. (2020). Biogas production by anaerobic fermentation of hotel food wastes. Egyptian Journal of Botany, 60, 611–619. https://doi.org/10.21608/ejbo.2020.46105.1569
Article 
    
                    Google Scholar 
                

	Salama, W., & Abdelsalam, E. (2021). Impact of hotel guests’ trends to recycle food waste to obtain bioenergy. Sustainability, 13(6), 3094. https://doi.org/10.3390/su13063094
Article 
    
                    Google Scholar 
                

	Samer, M., Abdelaziz, S., Refai, M., & Abdelsalam, E. (2020). Techno-economic assessment of dry fermentation in household biogas units through co-digestion of manure and agricultural crop residues in Egypt. Renewable Energy, 149, 226–234.
Article 
    CAS 
    
                    Google Scholar 
                

	Samer, M., Helmy, K., Morsy, S., Assal, T., Amin, Y., Mohamed, S., Maihoob, M., Khalil, M., Fouda, I., & Abdou, A. (2019). Cellphone application for computing biogas, methane and electrical energy production from different agricultural wastes. Computers and Electronics in Agriculture, 163, 104873.
Article 
    
                    Google Scholar 
                

	Samer, M., Hijazi, O., Abdelsalam, E. M., El-Hussein, A., Attia, Y. A., Yacoub, I. H., & Bernhardt, H. (2021). Life cycle assessment of using laser treatment and nanomaterials to produce biogas through anaerobic digestion of slurry. Environment, Development and Sustainability. https://doi.org/10.1007/s10668-021-01264-9
Article 
    
                    Google Scholar 
                

	Schäfer, W., Lehto, M., & Teye, F. (2006). Dry anaerobic digestion of organic residues on-farm-a feasibility study. Agrifood Research Reports, no. 77. Nordic Association of Agricultural Scientists.

	Swathi, S., Yuvakkumar, R., Senthil Kumar, P., Ravi, G., & Velauthapillai, D. (2021). Annealing temperature effect on cobalt ferrite nanoparticles for photocatalytic degradation. Chemosphere, 281, 130903.
Article 
    CAS 
    
                    Google Scholar 
                

	Tallapragada, P., & Rayavarapu, B. (2019). Recent trends and developments in milk-based beverages. In A. M. Grumezescu & A. M. Holban (Eds.), Milk-based beverages (pp. 139–172). ISBN 9780128155042, Elsevier. https://doi.org/10.1016/B978-0-12-815504-2.00005-0

	Tayyab, A., Ahmad, Z., Mahmood, T., Khalid, A., Qadeer, S., Mahmood, S., Andleeb, S., & Anjum, M. (2019). Anaerobic co-digestion of catering food waste utilizing Parthenium hysterophorus as co-substrate for biogas production. Biomass and Bioenergy, 124, 74–82.
Article 
    CAS 
    
                    Google Scholar 
                

	Thirumal, V., Yuvakkumar, R., Senthil Kumar, P., Keerthana, S. P., Ravi, G., Velauthapillai, D., & Saravanakumar, B. (2021). Efficient photocatalytic degradation of hazardous pollutants by homemade kitchen blender novel technique via 2D-material of few-layer MXene nanosheets. Chemosphere, 281, 130984.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang, H., Xu, J., Sheng, L., & Liu, X. (2018). Effect of addition of biogas slurry for anaerobic fermentation of deer manure on biogas production. Energy, 165, 411–418.
Article 
    CAS 
    
                    Google Scholar 
                

	Xu, L., Peng, S., Dong, D., Wang, C., Fan, W., Cao, Y., Huang, F., Wang, J., & Yue, Z. (2019). Performance and microbial community analysis of dry anaerobic co-digestion of rice straw and cow manure with added limonite. Biomass and Bioenergy, 126, 41–46.
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang, T., Liu, L., Song, Z., Ren, G., Feng, Y., Han, X., & Yang, G. (2013). Biogas production by co-digestion of goat manure with three crop residues. PLoS ONE, 8(6), e66845.
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang, T., Liu, L., Song, Z., Ren, G., Feng, Y., Han, X., & Yang, G. (2019). Simultaneous biogas and biogas slurry production from co-digestion of pig manure and corn straw: Performance optimization and microbial community shift. Bioresource Technology, 282, 37–47.
Article 
    
                    Google Scholar 
                

	Zhao, Y., Sun, F., Yu, J., Cai, Y., Luo, X., Cui, Z., Hu, Y., & Wang, X. (2018). Co-digestion of oat straw and cow manure during anaerobic digestion: Stimulative and inhibitory effects on fermentation. Bioresource Technology, 269, 143–152.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The researchers thank the Science and Technology Development Fund (STDF) for supporting this study through the project number 30278, which is a work package of the project EranetMedBiogasmena (ID 72-026).


Author information
Authors and Affiliations
	Department of Agricultural Engineering, Faculty of Agriculture, Cairo University, Giza, 12613, Egypt
M. Samer

	National Institute of Laser Enhanced Sciences (NILES), Cairo University, Giza, 12613, Egypt
E. M. Abdelsalam, S. Mohamed & Y. Attia

	Department of Microbial Biotechnology, Genetic Engineering and Biotechnology Division, National Research Centre, Dokki, Giza, Egypt
H. Elsayed


Authors	M. SamerView author publications
You can also search for this author in
                        PubMed Google Scholar



	E. M. AbdelsalamView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. MohamedView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. ElsayedView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y. AttiaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                M. Samer.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


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



Cite this article
Samer, M., Abdelsalam, E.M., Mohamed, S. et al. Impact of photoactivated cobalt oxide nanoparticles addition on manure and whey for biogas production through dry anaerobic co-digestion.
                    Environ Dev Sustain 24, 7776–7793 (2022). https://doi.org/10.1007/s10668-021-01757-7
Download citation
	Received: 28 January 2021

	Accepted: 09 August 2021

	Published: 15 August 2021

	Issue Date: June 2022

	DOI: https://doi.org/10.1007/s10668-021-01757-7


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
	Nanomaterials
	Biogas
	Anaerobic co-digestion
	Dry fermentation
	Agricultural wastes
	Livestock manure








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					18.207.224.173
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    