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Abstract: The increasing demand for clean and sustainable energy sources has led to significant advancements in the production of oxyhydrogen (HHO) and hydrogen gas through various electrolysis techniques. This review provides a comprehensive analysis of the current state of electrolysis methods, including alkaline water electrolysis (AWE), proton exchange membrane electrolysis (PEM), and microbial electrolysis cells (MEC), highlighting their efficiencies, challenges, and potential applications. The paper discusses the environmental benefits of utilizing HHO as an alternative fuel, particularly in reducing harmful emissions from internal combustion engines and enhancing overall energy efficiency. Recent innovations in catalyst development, such as the use of non-noble metal catalysts and advanced materials, are examined for their role in improving electrolysis performance and reducing production costs. Additionally, the integration of renewable energy sources, particularly solar energy, for powering electrolysis systems is explored, emphasizing its potential to create a sustainable hydrogen economy. The review concludes with a discussion on future research directions and the need for further optimization of electrolysis technologies to meet the growing energy demands while minimizing environmental impact.
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Nomenclature:
	H2
	Hydrogen
	B.G
	Brown Gas

	NOx
	Nitrogen Oxides
	sfc
	Specific fuel consumption

	L.P.M
	Litres per Minute
	bsfc
	Brake Specific fuel consumption

	CO2
	Carbon dioxide
	isfc
	Indicated Specific fuel consumption

	HC
	Hydrocarbon
	I.P
	Indicated Power

	HHO
	Oxyhydrogen
	AWE
	Alkaline Water Electrolysis

	PM
	Particulate Matter
	B.P
	Brake Power

	NG
	Natural Gas
	LPG
	Liquefied Petroleum Gas

	CNG
	Compressed Natural Gas
	CO
	Carbon Monoxide

	B.T.E
	Brake Thermal Efficiency
	I.T.E
	Indicated Thermal Efficiency

	PEM
	Proton Exchange Membrane
	AEM
	Anion Exchange  Membrane

	MABE
	Mean absolute bias error
	MBE
	Mean bias error

	SOEC
	Solid oxide electrolyzer  cell
	MEC
	Microbial electrolysis cells

	RHFC
	Regenerative hydrogen fuel cell
	ESOI
	Energy stored on invested

	CSP
	Concentrated Solar Power
	JNNSM
	Jawaharlal Nehru National Solar Mission

	RMSE
	Root mean square error
	MEA
	Membrane Electrode Assembly.

	OER
	Oxygen Evaluation Reaction
	HER
	Hydrogen Evaluation Reaction

	OME
	Oxymethylene ethers
	MHD
	Cyclotron Magnetohydrodynamic

	ηth
	Thermal Efficiency
	GA
	Genetic Algorithm


1. Introduction: At present, our world is in a stage of a quantum leap of advanced development in science & technology, and the most vital role in this is played by energy in each step. Presently we are strongly dependent on the conventional type of fossil fuels for energy; therefore Oxyhydrogen/Hydrogen comes into the limelight. In 1960 Yull Brown discovered that one could utilize both Hydrogen and Oxygen as an energy source. B.G consists of two-thirds hydrogen and one-third oxygen by volume. 
The main objective was to investigate the impacts that alcohols have on combustion and emission traits of a broad variety of I.C engines with different analysis outcomes alcohols ranging from three-carbon C3H8O to twenty-carbon pythol (Rajesh Kumar and Saravanan, 2016). Tamilselvan et.al has carried out a  thorough analysis on the efficiency, burning and exhaust emission properties of few significant bio-diesel fuels upon the I.C engine (Tamilselvan, Nallusamy and Rajkumar, 2017). They work on diesel PM management in both pre-and post-combustion approaches that have been used for decades (Mohankumar and Senthilkumar, 2017). This paper discussed the publications on PEMWE’s efficiency deterioration and mitigation techniques. Degradation sources were presented for individual elements. The analysis highlighted viable solutions to reduce degradation of components with degradation factors addressed and processes explored (Feng et al., 2017). It provided an extensive summary of the accessible publications on heat and power plants focused on solar energy. To restrict the scale of analysis, only completely renewable plants were taken into account with a minimum generation of energy and thermal/hot water for final usage were taken into account. This encompasses photovoltaic solar and solar-based heat plants with not only concentrating but also anti-concentrating panels in not only solar-solo but also solar-mixed setups. This review work also provided a set of cases for assessing the combined thermal and electricity production capacity of solar energy in Denmark (Modi et al., 2017). The objective of this analysis was to evaluate the procedure of electrolysis of water for generation of hydrogen, the major electrolyzers utilized, hydrogen generation problems and substitutes to meet that variable, and also to gather information on research articles on the fuel cell usage within Brazil and around the globe (dos Santos et al., 2017). In this paper, the usage of OH and ROR (ethers) as fuel in SI engine which might substitute the fuels dependent on crude. In addition, the current research explored the impact of fuels OH & ether on efficiency, exhaust and combustion properties of the S.I engine (Mamat et al., 2017). In this review, Stirling engine output on basis of thermodynamic procedure such as thermodynamic analysis infinite time, thermodynamic analysis of fine speeds, isothermal procedure, anti-ideal adiabatic procedure, CAFS and PSVL, model were reported (Ahmadi, Ahmadi and Pourfayaz, 2017). 
The cells of microbial electrolysis (MECs) were generating biological H2 and discussed currently available methods for inhibition of methanogenesis (Karthikeyan et al., 2017). This paper delivered an extensive and complete overview of current modelling functions upon the electrolysis system for small temperatures. The membrane interchange innovations of alkaline and proton (Olivier, Bourasseau and Bouamama, 2017). This study helped in the further development of the CSP power plants in India. It also attracted potential investors to the sector (Kumar, Prakash and Dube, 2017). The evolution of carbon assisted WE technology has shown that commercialization of this process requires varying levels of effort. This technology can be commonly used for various applications (Ju, Badwal and Giddey, 2018). This study offered a foundation of essential parameters and requisite interpretation of electrolysis underlying basics and innovations for a technical and economic assessment of H2O electrolysis-dependent principles and also an analysis of power to gas and liquid investigation of energy network (Buttler and Spliethoff, 2018).
In this research, AEM electrolysis technology for hydrogen generation was studied. It was found that non-noble metal catalyst reduces the whole system's capital expense. The study discussed literature on PEMWE output deterioration and mitigation approaches. A deterioration source was provided for individual portion. The study focused on practical solutions to minimise component deterioration with factors addressed and degradation mechanisms considered (Vincent and Bessarabov, 2018). This paper provided a systematic literature analysis of approaches used to measure and anticipates worldwide solar radiation and temperature of the cell with an estimation of solar power production. Furthermore, existing statistics were used to present a comparative analysis (Ayvazoğluyüksel and Filik, 2018). Hydrogen production by electrolysis was carried out with input parameters. It was well adapted to operate with transient power load and pressurized hydrogen (Guillet and Millet, 2015).
This chapter described various techniques for generating hydrogen from water. It includes a discussion about different techniques for producing hydrogen. The current production of hydrogen was not targeted to its use as a fuel but as a chemical or reducing agent (Scott, 2017). Matthew et.al worked on Hydrogen and batteries for grid storage. Hydrogen was taken as the input and analyzed by comparing RHFC to other storage technologies; the purpose was to improve net energy analysis to store energy in a regenerative H2 FC. The result was the ESOI ratio of a regenerative hydrogen fuel cell (Pellow et al., 2015). The hydrogen fuel cell was used as input and analyzed by modified conventional I.C. engine. 
This study was carried out to explore the various aspects of deep carbonization of the global energy system. It highlighted that although hydrogen has made significant progress in reducing its cost, it remains a very competitive fuel (Balcombe et al., 2018). It has been demonstrated that the in-cylinder airflow properties of diesel engines have a substantial influence on their performance. As a result, it was feasible to increase the enforcement of C.I. engines with HVFs by enhancing in-cylinder airflow characteristics (Bari, Hossain and Saad, 2020). The engine's total performance may be increased further by adjusting the engine working parameters, such as CR, IP, and IT, in conjunction with various flow rates of HHO. It is possible to investigate the irreversibility of the fuel oxidation, friction, and mixing processes (Kumar Sharma et al., 2020). The progress of non-noble metal electro-catalysts in water electrolysis was discussed (Khan et al.,2018)
Table 1: Summary of Introduction
	Author & year
	Input
	Analysis methodology
	Purpose
	Result and outcome
	Ref.

	(Rajesh Kumar and Saravanan, 2016)
	Alcohol biofuels
	Comparative study
	To determine the impact of increased alcohol levels on I.C engine performance and emission characteristics.
	Higher alcohols percentage reduces smoke emissions along with their fuel borne O2.
	187

	(Tamilselvan, Nallusamy and Rajkumar, 2017)
	The biodiesel-to-fossil-diesel blends
	A comprehensive examination of the work that has been accomplished in the field of literature
	Biodiesel-fuelled I.C efficiency, combustion and emission traits.
	Minor emissions from exhaust were produced by the combustion of biodiesel.  Biodiesel does not emit any sulphur components.
	384

	(Mohankumar and Senthilkumar, 2017)
	The arrangement and composition of particulate matter
	Techniques for pre-and post-combustion.
	PM development and regulation techniques for I.C engines.
	The best solutions for meeting the present strong emission standards are post-combustion technology.
	103

	(Modi et al., 2017)
	Solar photovoltaic and thermal plants in solar-only and solar-hybrid configurations with concentrating and non-concentrating collectors
	Study of a solar cogeneration system with the case study
	To offer a Comprehensive
Review on heat and power plants focused on solar energy.
	The combination of a bio-mass burner and solar thermal collectors with an organic Rankine cycle is desirable for large-capacity plants.
	187

	(Feng et al., 2017)
	PEMWE efficiency degradations and mitigation methods published in several publications.
	Mechanisms and prevention methods for depletion.
	For the commercialization of the PEMWE technology
	The PEMWE cell should be formed and tested under real-world conditions, using suitable and normal durability testing protocols. It is the future that will be able to fulfill the world's electricity demands.
	260

	(dos Santos et al., 2017)
	Hydrogen fuel cells like PEM & AEM
	The Study of developments in various types of fuel cells.
	Production of hydrogen as future fuel
	Due to its high employability and flexibility to scientific study, AFC and PEMFC cells have received the most study for fuel cells.
	81

	(Mamat et al., 2017)
	Alcohol and ether
	Examine the use of alcohols and ethers in S.I. engines systematically.
	Alcohol could be utilized as an unadulterated. S.I engine with modifications.
	Alcohol fuels with a high compression ratio can be utilized to improve the efficiency of the SI engine.
	106

	(Ahmadi, Ahmadi and Pourfayaz, 2017)
	Worldwide working on the thermodynamic efficiency assessment of Stirling engines using various thermodynamic approaches.
	Analysis through various thermodynamics methods &  CAFS
	To compare and contrast the efficiency of various Stirling engines
	PSVL was shown to be superior to the other kind in this comparison.
	130

	(Karthikeyan et al., 2017)
	Microbial electrolysis cells (MECs)
	Bioelectrohydrogenesis
	Improve hydrogen generation in MECs
	This process failed to produce hydrogen,It is practically challenging
	136

	(Olivier, Bourasseau and Bouamama, 2017)
	Membrane technology for alkaline and proton exchange
	Physical domain, modelling approaches, dynamic behaviour & modelling scales
	An in-depth review of current modelling studies on low-temperature electrolysis systems
	Complex and non-linear layouts of the electrolysis mechanism are outlined.
	119

	(Kumar, Prakash and Dube, 2017)
	CSP based power plants
	Study of CSP with a case study
	Reformation of policy in India, planning and implementation of CSP power plants.
	JNNSM was established by the Indian government's Ministry of New and Renewable Energy to promote different solar applications, including CSP.
	27

	(Ju, Badwal and Giddey, 2018)
	Carbon and hydrocarbon  assisted water electrolysis
	Study of Published Review Work
	The aim was to study the different prevailing technique for the production of H2.
	Carbon assisted water electrolysis technology was in its initial phase; among the alcohols, methanol-assisted electrolysis has shown great promise.
	176

	(Buttler and Spliethoff, 2018)
	Technologies for water electrolysis
	The study includes a detailed industry survey, discussions with suppliers, project reports and literature, and a summary of the present state of alkaline, PEM, and SOEC.
	Understanding of electrolysis fundamental
	SOEL, unlike AEL and PEMEL, is only in the pre-commercial period. SOEL has the potential to improve hydrogen production performance, and it has unique features such as reversible activity and syngas production through co-electrolysis.
	169

	(Vincent and Bessarabov, 2018)
	AEM electrolysis & its technology.
	Membranes, electrocatalysts, and ionomers used in AEM electrolyzers were studied, as well as the efficiency of such electrolyzers...
	Identify voids in AEM water electrolysis techniques and make suggestions for prospective research directions.
	The use of non-noble metal catalysts in AEM electrolysis lowers the system's capital cost.
	92

	(Ayvazoğluyüksel and Filik, 2018)
	Solar radiation decomposition models
	MABE, MBE, RMSE T-statistic methodology
	Worldwide solar radiation, solar power and cell temperature prediction.
	The cell temperature magnitudes determined by skoplaki models provide the most reliable power generation prediction.
	82

	(Conker, 2018)
	HHO flow rate &  temperature
	Fuzzy logic
	HHO generator safety from high-temperature effect.
	Improved hydrogen production
	27

	(Guillet and Millet, 2015)
	Alkaline water
	Decomposition of water by electric discharge into hydrogen and oxygen
	Possibility of securely operating at high pressure.
	Well-suited to transient power load operation and pressured.
	75

	(Scott, 2017)
	Fossil fuel, hydrogen via electrolysis, Photo electrolysis, Thermal and electrochemically generated hydrogen
	Detailed and theoretical analysis of various  techniques for producing hydrogen

	To gather the knowledge about ways of hydrogen production through various methods.
	Hydrogen can be successfully produced using thermal & renewable energy
	33

	(Pellow et al., 2015)
	RHFC, lithium-ion batteries
	ESOI ratio (electrical energy retained on invested) and total energy efficiency
	To see how RHFCs stack up against other storage technologies
	The average EROI of hydrogen energy storage combined with wind power is much greater than the EROI of fossil electricity generation.
	66

	(Balcombe et al., 2018)
	Hydrogen & fuel cells
	A comprehensive review of H2 potential of hydrogen in the present scenario
	To determine the importance of hydrogen in providing power, heat, manufacturing, transportation and energy depository in a low-carbon energy environment
	Hydrogen technology will help low-carbon energy systems that are dominated by intermittent renewable and/or electric heating demand.
	356

	(Bari, Hossain and Saad, 2020)
	Biodiesel
Vegetable-based fuel
	Techniques for modifying the combustion chamber and intake manifold, as well as inflow cylinder airflow characteristics.
	To improve airflow properties within CI engine combustion chambers to boost performance with higher viscous biofuels.
	The performance of CI engines with HVFs can be improved by increasing the swirl and tumble of air in the combustion chamber.

	99

	Sharma et. al /2020
	Hydroxyl, DC supply, HHO dry cell.
	Experimental analysis under dual fuel mode of CI engine fueled with HHO.“ ENGINESOFT" software was used to analyze engine performance.
	At various engine load situations and HHO flow rates, the effect of HHO fluctuation on energy and exergy was investigated.
	For exhaust gas and heat transmission, energy losses were considerably enhanced. Improved work availability improves the efficiency of the exhaust gas and heat transfer.
	43

	(Khan et al., 2018)
	A study on advancements in electrolysis like WEC, PEM, Alkaline media, SOEC.
	The Study of developments in various types of Water electrolysis techniques.
	Focus on the development of non-noble metal-based electrocatalysts and advancements in alkaline, PEM, and SOEC.
	Development of new, simple, and cost-effective non-precious metal-based catalysts with good electrocatalytic properties for OERs and HERs.
	368



Comment: This research aims to examine all possible methods for electrolysis of water, both traditional and non-conventional. Degradation processes were studied concerning the characteristics of the cells and their operating conditions. The different forms of energy used to carry out the electrolysis are interpolated and analysed to uncover the links between causes and effects, as well as current diagnosis and mitigation methods. However, there is very few comprehensive analysis of the methodology for fully eliminating fossil fuels from ICE. This study offers and discusses a comprehensive indication of Oxyhydrogen's potential to minimise the world's current dependency on fossil fuels while also providing an efficient way to reduce pollution and flue gases from existing engine technology. Researchers have used a variety of strategies to address or alleviate the problems described above, as well as to enhance performance and minimize emissions of ICE. 
After conducting a thorough literature review we discovered appropriate review papers on the efficiency of the I.C engine using the oxyhydrogen technique. However, authors discovered a shortage of literature and reviews to aid in their understanding of electrolyte classification and forms. As a consequence, the authors present in this paper a thorough review of HHO/H2 Generation Techniques. The authors conclude that the analysis of Techniques for HHO/H2 Generation reveals a plethora of options for reducing dependency on fossil fuels.
2. Different Techniques used for generation of Oxyhydrogen Gas (HHO)/Hydrogen H2: The Oxyhydrogen gas also called by the name Brown Gas can be generated using several Conventional and Non-Conventional Techniques. 

	Techniques for the generation of HHO/Hydrogen Gas

	Conventional
	Non- Conventional

	1.Generation of Oxyhydrogen Gas (HHO)/H2 gas through Conventional Method of Electrolysis using Chemical and Salts like (NaOH, KOH & NaHCO3)

	1. Generation of Oxyhydrogen Gas (HHO)/H2 using Membrane Exchange Method like Proton Exchange Membrane/ Anion Exchange Method.
2. Generation of Oxyhydrogen Gas (HHO)/ H2 gas Using Non- Conventional Catalysts/ Advanced Material for cell formation/ Sulfonated Polyether ether ketone /CL-SPEEK/Cs-MoPA/CeO2/ Graphene etc.

	
	3. Generation of Oxyhydrogen Gas (HHO)/ H2 gas using Renewable Energy (Solar/Wind).
4. MEC-based HHO/H2 gas generation is a technology for producing biological and glycerol hydrogen.

	
	5. Generation of oxyhydrogen gas (HHO)/ H2 gas using a magnetic field and pulse potential and ultrasonic waves.

	
	6. Generation of Oxyhydrogen Gas (HHO)/H2 gas generation Using Bifunctionality and Flexible Working Electrode/ Cobalt-Tungsten-Boron as an Active Electrocatalyst. 


3. Generation of Oxyhydrogen Gas (HHO)/ H2 gas through Conventional Method of Electrolysis Using Chemical and Salts like (NaOH, KOH & NaHCO3)
[image: ]
Fig: 1 Electrolysis Cell
Chemical Reaction: 
Anode (+): 2 OH-            H2O + ½ O2 (g) + 2 e-
Cathode (-): 2 H2O + 2 e- 	          H2 (g) + 2 OH-
Overall Reaction: H2O (liq) 	        H2 (g) + ½ O2 (g) 
The objective of this work was to introduce a modern concept with fuel cells, SOEC and steam generator for heat recovery (HRSG). The usage of (HHO)/H2 gas generated by the SOEC in energy offering in housing areas as part of the initiative used in this report (Joneydi Shariatzadeh et al., 2015). Hydroxy fuel generation unit driven by the method of electrolysis was planned, designed and accompanied by the ability to shift negative & positive electrode plate's interspacing & implemented to G two hundred HONDA (197 cc capacity engine of the solo cylinder). The inter-distance was varied to three, five, seven and ten mm between the plates. Tests disclose that blending hydroxy, air, and petrol improved engine performance and exhaust discharge. The findings indicated that the change of combustion properties was greatly influenced by the inter-distance among the cell plates. The peak generated power & minimum usage of fuel were linked with 10 mm positive electrode-negative electrode plates gap case where HC’s and CO discharge had been decreased to around 40 percent at various processing speeds whereas, five mm inter-distance case had the biggest effect on emission elimination (Al-Rousan and Musmar, 2018).
The influences of hydroxy richness on engine efficiency and exhaust discharge in C.I. and S.I engines had been investigated in depth. Experiments had shown that NaOH-type platforms generate more Hydroxy gases with a similar quantity of catalyst and fuel. Every experimental finding from petrol and C.I engines showed that efficiency & exhaust discharge values had enhanced with brown gas supplementation to the non-renewable energy source apart from NOx discharge. The highest possible changes petrol and C.I engine efficiency and exhaust discharge were represented graphically & numerically in conclusions and findings (Aydin and Kenanoğlu, 2018). In this analysis, they presented a new fuzzy logic dependent secure operation based handling technique. The logical control method in fuzzy boost output ability of hydroxy reactors while shielding them against harsh process impacts associated with thermal problems (Conker, 2018). They worked on analyzing on-board energy requirements for HHO production as a fuel supplementation in I.C.E. HHO and other parameters were used as input and analyzed. The purpose was an evaluation of energetic requirements linked to the hydroxy generation and the result showed fuel saving was more probable to be accomplished through small engine & hydroxy flow (Polverino et al., 2019). They worked on designing and computation of electrochemical study of combined S.I engine utilizing dry cell. HHO dry cell and other parameters were used as input and analyzed by fuzzy logic simulation & MATLAB coding. The goal was to model various parameters influencing the hybrid S.I engine’s output and the outcome showed that there was comprehensive cooperation amongst the investigational and simulated fuzzy data equivalent to 0.915 R2 for HHO rate (Ismail et al., 2019). The modification of the electrode Fermi level resulted in stronger Pt-o links in the stable oxidic phase, resulting in excess potential, according to this research. It protects the dynamic working surface's integrity by avoiding the formation of superfluous oxide layers during OER (Arrigo et al., 2013). 
The various water electrolysis technologies were covered in this chapter. The main methods used to produce hydrogen were discussed in the first section (Grigoriev, 2017) .7 mm anode-cathode cell gap; 1.50 percent KOH electrolyte solution concentration and 90.08oC operating temperature 5 mm cell distance, 1.25 percent KOH and 85.08oC operating temperature were ideal conditions for cells. The production rates of high-heat activated hydrogen (HOH) were decreased by making the gas bubbles more accessible to the reaction sites (Choodum, Sangwichien and Yamsaengsung, 2019). This project aims to investigate the feasibility of extracting hydrogen-rich gas from water at the point of use to improve fuel consumption and emissions. It was found that the reduction in CO2, CO3, and HC was caused by the displacement of carbon-based fuel (Bhardwaj, Singh Verma and Sharma, 2014). In this experiment, Oxyhydrogen (HHO) gas was manufactured using a KOH electrolysis process and was used as an additional fuel in a 4-cylinder and 4-stroke C. I engine. The optimal HHO flow rate was determined by the engine speed and was typically between 1.4 and 2.1 L/min (Alrafie et al., 2017). The study focused on the effects of HHO-air mixture on the performance of automobiles. It revealed that the combination of air and HHO-air can reduce a vehicle's fuel consumption by up to 45% (Badr, Hassan and El-Hamalawy, 2015). The objective of this analysis was to evaluate the procedure of electrolysis of water for the manufacture of hydrogen & hydrogen generation problems. It also gathers information on research articles and fuel cell usage within Brazil and around the globe (dos Santos et al., 2017). 
This paper delivered an extensive and complete overview of current modelling functions upon the electrolysis system for small temperatures: The membrane interchange innovations of alkaline and proton (Olivier, Bourasseau and Bouamama, 2017). This study offered a foundation of essential parameters and the requisite interpretation of electrolysis underlying basics and innovations for a technical and economic assessment of H2O electrolysis-dependent principles and also an analysis of power to gas and liquid investigation of energy network (Buttler and Spliethoff, 2018). In this review, a specific system of control that permits the production of Brown gas at the defined volumetric rate of flow with the PWM method was planned and created (Baltacıoğlu, 2018). They worked on development and usage of B.G in I.C.E. The input parameters were two electrodes, electrolyte and D.C power source. Arrangements of electrodes were used for electrolysis of water with the help which HHO gas was generated. The purpose was to decrease the fossil fuel consumption and enhance the ηth of I.C.E (Subramanian and Ismail, 2018). An electrolyzer test was performed to verify the performance of its use in diesel engines. The results indicated that its brown gas production rate was linear (Wu et al., 2017). This study shows that the evolution of the oxygen and bubble effect plays a crucial role in determining the electrolyzer's performance (Chen et al., 2017). 
The new water desalination system can run all day and has a greater daily distilled water production than the old system, but it is less efficient. Cooking, welding, and cutting are just a few of the home and industrial applications for HHO gas. As a fuel, HHO gas can be used separately or in combination (Nabil et al. 2019). This study was focused on studying the possibility of adding additional hydrogen and oxygen gas into air-and-fuel mixtures. This gas used to evaluate the efficiency of fuel system (Rimkus et al., 2012). The rate at which HHO gas was generated by electrolysis was proportional to voltage and current. With increasing load and HHO injection rate, frictional power rises (Shrikant Bhardwaj et al., 2020). The addition of HHO increased combustion duration and peak pressure, and it reduced ignition delay and blood pressure. It also resulted in a drop in emissions (Bhave, et.al 2020).
Table: 2 Research Activities on Generation of Oxyhydrogen Gas (HHO)/ H2 gas through Conventional Method of Electrolysis Using Chemical and Salts like: (NaOH, KOH & NaHCO3).
	Author & year
	Input
	Analysis methodology
	Purpose
	Result and outcome
	Ref.

	(Joneydi Shariatzadeh et al., 2015)
	Solar radiation & stored hydrogen 
	GA in MATLAB Program
	To Propose a novel power plant that uses a solar chimney with SOFC and SOEC to create both heat and electricity at the same time.
	The hydrogen made at maximum radiation was 0.28kg/s. This type of power plant provides a solution to the rising energy crisis.
	38

	(Olivier, Bourasseau and Bouamama, 2017)
	Membrane Technology for Alkaline 
	Involve physical domain, modelling approaches, dynamic behaviour & modelling scales
	Low-temperature electrolysis system modelling
	Complex and non-linear layouts of electrolysis mechanism were outlined.
	119

	(Al-Rousan and Musmar, 2018)
	The mixture of HHO, air and Petrol with HHO 
	Emission experiments were conducted for various engine speeds.
	Monitor emissions pollution from oil burning. 
	B.T.E increases by 17.7% and reduction in SFC, CO & HC by 18.53% (avg.) ,10% & 8%.
	28

	(Aydin and Kenanoğlu, 2018)
	Blending fuels like HHO,CNG Gasoline and bio-fuel 
	The fuel pump plunger was changed to operate pilot injection mode to ignite CNG.
	To compare reactors and catalysts of unlike types on HHO production 
	Usage of HHO with strengthened bio-diesel fuel blend resulted from 8.31% increment for BP &7.1% for torque and 10% reduction in bsfc.
	55

	(Polverino et al., 2019)
	Oxy-Hydrogen
	Electrolysis Phenomenon
	Energy requirement review in conjunction with HHO output.
	Smaller engines with BG flows were more compatible to conserve fuel.
	30

	(Ismail et al., 2019)
	Hydroxy gas
	Code of MATLAB and blurred logic simulation
	To conduct the simulation of various presets that influence efficiency of hybrid  S.I engine
	There was a clear consensus among observational and formulated fuzzy data including R2 equaling (0.915) for the B.G rate.
	27

	(Arrigo et al., 2013)
	Under OER for low-temperature steam, chemical reactivity of the electrode surface
	Water  electrolysis on platinum

	Investigation of water electrolysis in the gas phase
	By avoiding excessive oxide overlayers during OER, Pt helped to maintain the integrity of the dynamic working surface.
	34

	(Grigoriev, 2017)
	Different electrolysis technology like Alkaline, PEM, Solid oxide and basic procedures to carry out above technology.
	Experimental work with the comparison of different electrolysis technologies.
	To give an outline and current status of different electrolysis innovations such as alkaline electrolysis (AWE), PEM electrolysis & steam electrolysis.
	Alkaline water low-temperature electrolysis technologies will be the dominating ones in the current scenario.
	126

	(Choodum, Sangwichien and Yamsaengsung, 2019)
	KOH (aq.) electrolyte concentrations, and 316 L SS
	A locked-loop device used to investigate the necessary conditions for HHO manufacturing.
	Appropriate conditions were determined for generating hydroxy through electrolysis fitted to be used in motor vehicles & domestic cars.
	Hydroxy development rate through large cells distance had been identified to be benefited, accumulation of high electrolytes & higher working temperature.
	18

	(Bhardwaj, Singh Verma and Sharma, 2014)
	Brown gas  & gasoline
	Experimental work with a blend of B.G and gasoline
	Improving
overall efficiency & emission  reduction of S.I engine
	Performance parameters enhancement & Reduction in CO2, CO and HC
	12

	(Alrafie et al., 2017)
	HHO, gasoline
	Experimental work, HHO gas flow-optimized with C. I engine speed.
	Optimization of oxyhydrogen gas flow
	By increasing the number of electrolytes, HHO production may be enhanced.
	18

	(Badr, Hassan and El-Hamalawy, 2015)
	Brown gas
	The AVL Di-TESTAb gas test and nine gas analyzer (lancom) were used to test the activity conditions.
	Examine the impact of an HHO-air combination on vehicle performance.
	Significant reduction in the SFC about 35-45%
	13

	(dos Santos et al., 2017)
	Hydrogen fuel
	Electrolysis
	To study the possible ways of producing hydrogen in Brazil and futuristic concerns related to it and its technology
	Hydrogen should be produced using electricity from Non- conventional means like Wind and solar
	81

	(Buttler and Spliethoff, 2018)
	Data of various Water electrolysis techniques
	On the present state of alkaline, PEM, and SOEC, a market survey, conversations with manufacturers, project reports, and a literature review were conducted.
	To study and compare the feasibility of various water electrolysis techniques
	Unlike AEL and PEMEL, SOEL has the potential to improve hydrogen generation efficiency and has unique features such as reversible operation and syngas production via co-electrolysis.
	169

	(Baltacıoğlu, 2018)
	Hydroxy gas
	Experimental data with the use of PWM technique and auto control in generation rate of Hydroxy gas
	Monitor the output rate of hydroxyl in compliance with the system instantaneous state.
	For ICEs up to
2000cc the hydroxy gas output rate was satisfactory.
	41

	(Subramanian and Ismail, 2018)
	Two electrodes, electrolyte, DC power source
	An arrangement of electrodes used for electrolysis of water 
	To minify dependency on carbon fossil as fuel.
To boost the thermal effectiveness of the IC engine.
	With HHO gas consumption dependence of fossil fuel was reduced and eco-friendly to nature
	55

	(Zhang and Zeng Kai, 2016)
	AWE technique for the generation of H2.
	A force balance study was conducted over an electrolytic bubble on the model of the evolution of electrolytic gas.
	This experimental investigation aimed to explore water electrolysis and utilizing it for the generation of H2.
	AWE incorporated with sustainable energy can be combined into a shared energy grid through generating H2 for final usage & used as the power storage medium.
	102

	(Wu et al., 2017)
	Brown gas generated from metal pate electrolyzer
	Electrolyzer efficiency was tested using an experimental test rig.
	Analysis of production of B.G (up to 100A)
	The B.G production rate on current was almost linear.
	42

	(Chen et al., 2017)
	Alkaline aqueous electrolyzer
	Analytical modelling
	Improve water electrolysis
	Establish a framework for evaluating alternative electrolyzer designs and reducing energy losses.
	29

	(Nabil. et al., 2019)
	HHO gas, hybrid solar and water desalination
	Different designed HHO generators with hybrid solar systems 
	To compare the  effect of using hydrogen in different cc I.C engines and also to check the feasibility of HHO generator with Solar system 
	The major benefits of utilising HHO gas was lower fuel usage and fewer pollutants.
	60

	(Rimkus et al., 2012)
	HHO
	A 1.6 TD (SB) diesel engine was used in the testing.
	To analyse peculiarities of generation of HHO in a vehicle utilizing electrolysis & to test the performance of engine utilizing hydroxy gas.
	Engine profitable efficiency variables could be enhanced through the more effective output of HHO and also through the exact configuration of an optimal moment of fuel intake.
	22

	(Shrikant Bhardwaj et al., 2020)
	A blended mixture of HHO & Fuel

	Experimental analysis using modelling and simulation technique.
	To enhance decrement of emission and consumption of fuel in S.I engine and increase other performance parameters
	The results showed that a combination of oxy-hydrogen and gasoline enhances the r.p.m., F.C., IP, B.P and decreases ISFC and BSFC also decrease the emission of hydrocarbon and carbon monoxide. The reduction in mechanical efficiency.
	

	(Bhave, Gupta and Joshi, 2020)
	Brown’s gas production using KOH as the electrolyte &  direct injection HCCI engine
	AVL gas analyzer was utilised in the tests using an electronically assisted fuel injection system.

	Electrically assisted fuel injection system was employed in the tests, along with an AVL gas analyzer.
	Use of HHO enhanced peak pressure and NHRR. Decrease in BP, BTE, and BSFC was roughly 15%. The inclusion of HHO also resulted in a reduction in all emissions.
	52


Comment: In the generation of Oxyhydrogen/Hydrogen, the distance between the cell plates is very critical. It has been discovered that a distance of 5-6 mm between the cell plates is optimal for maximum gas production while consuming the least amount of energy. Experiments have shown that the electrolysis process can be aided by the use of KOH and NaOH as catalysts. When KOH is used as a catalyst, it produces more Hydroxy gases than other catalysts, resulting in improved cell performance. Apart from NOx emissions, every experimental finding from S.I. and C.I. engines showed that brown gas supplementation to the non-renewable energy supply improved performance and exhaust discharge values. Electrolysis of chlorine is briefly discussed as a potential alternate source of hydrogen. Due to the blockage of active reaction sites on the surfaces of plate electrodes by generated HHO gas bubbles, narrower electrolyte cell gaps (1 and 3 mm) resulted in decreased HHO output rates at high electrolyte temperatures. The rate of brown gas generation is shown to be linear with current, confirming faraday's law.
4. Generation of Oxyhydrogen Gas (HHO)/H2 Using Membrane Exchange Method like Proton Exchange Membrane/Anion Exchange Method: Pierre Millet observed that the most mature method of AWE technology is PEM technology; it is gaining popularity because of its intrinsic benefits, such as increased safety and efficiency. In the long run, high-temperature water electrolysis was explored for large-scale hydrogen generation (Millet, 2015). This paper discussed the publications on PEMWE’s efficiency deterioration and mitigation techniques. Degradation sources were presented for individual elements. The analysis highlighted viable solutions to reduce degradation of components with degradation factors addressed and processes explored (Feng et al., 2017). The study discusses published literature on PEMWE output deterioration and mitigation approaches. A deterioration source was provided for the individual portion. The study focused on practical solutions to minimise component deterioration, with deterioration factors addressed and degradation mechanisms considered (Vincent and Bessarabov, 2018). By reducing catalyst loading and providing a simple way to fabricating electrodes based on direct calculations of noble metals, precious catalytic materials may be used more efficiently in PEM water electrolysis (Ye, 2011). The goal of this paper was to offer full life cycle inventories and then use comparative life cycle assessment to reliably analyse the environmental consequences of two types of high-temperature PEM fuel cells. One fuel cell employed multiwalled carbon nanotubes as a substrate for the catalytically active platinum nanoparticles, whereas the reference products used carbon black. The components of the HT PEM cell were changed such that the model resembled an automobile (low temperature) PEM FC with the same platinum savings (Notter et al., 2015). 
[image: ]
Fig: 2 Working of PEM Fuel Cell
In this research, AEM electrolysis technology for hydrogen generation was studied. AEM electrolysis with non-noble metal catalyst reduces the whole system’s capital expense. This study compared various mechanisms of water Electrolysis, e.g. PEMWE, alkaline H2O electrolysis, H2O electrolysis in solid oxides and AEMWE. The ion shift processes, operational properties, power usage, and industrial product of various H2O electrolysis equipment were also studied(Chi and Yu, 2018). In this study, hydrogen was employed as a transportation fuel to power internal combustion engines (ICEs) or electric cars. Fuel cells can also be used to generate power. Because its prone structure can be chemically modified, microporous metal-organic framework compounds were utilised for hydrogen storage (Ellison, 2011). This chapter concluded that AWE is the most mature process(Millet, 2012). This article investigated the electrochemical performance of polymer electrolyte membranes made by combining SPSF with polythersulfone having PEO sides of various lengths. The amorphous SPSF (Na)/PES-g-PEO blends developed have a high glass transition temperature, excellent thermal stability, and strong water absorption. The molecular weight of hydrated membranes influences proton conductivity (Deimede, Labou and Neophytides, 2014). The model considers physical dependencies, and the parameters involved were physical in nature. MATLAB/Simulink was used to construct this model. A parameter calibration technique based on numerical calibration of each polarisation curve and followed by a downhill simplex optimization method was also devised (Gößling et al., 2018). The electrochemical characteristics of the composite/Cs-TSiA/CeO2 have improved noticeably. These composites have greater proton conductivities than any other CL-SPEEK/HPA/CeO2 system composite, and Nafion117.6–8 MEA II has a higher voltage efficiency and ESA than any other MEA in any other system membrane. As a consequence, the TSiA-containing composite was predicted to be a water electrolysis polymer electrolyte membrane (Kim et al., 2018). 
Table: 3 Research Activities on Generation of Oxyhydrogen Gas (HHO)/H2 Using Membrane Exchange Method like Proton Exchange Membrane/Anion Exchange Method
	Author & year
	Input
	Analysis Methodology
	Purpose
	Result and outcome
	Ref.

	(Millet, 2015)
	PEM cells, Solid Polymer Electrolyte Cell
	Theoretical Analysis
of PEM 
	H2 development through PEM H2O electrolysis.
	Proton exchange membrane H2O electrolysis was reliable, resilient and quite versatile innovation.
	39

	(Feng et al., 2017)
	PEM electrolysis of water.
	Mechanisms and prevention methods for depletion.
	To commercialize the PEMWE technology
	It focused on accelerated tests and opposes the long degradation test.
	260

	(Vincent and Bessarabov, 2018)
	Hydrogen
	Electrolysis of anion Interchange membrane.
	Low cost
H2  production
	The capital cost of the complete system is reduced by using AEM electrolysis with non-noble metal catalysts.
	92

	(Chi and Yu, 2018)
	Different Types of  water electrolysis techniques published in several publications
	Various water electrolysis processes & different ion transfer methods, operational characteristics, energy consumption were analysed
	To Compared different electrolysis process
	Onboard generation of H2 and its use in ICE is the future.
	21

	(Ellison, 2011)
	Hydrogen
	Biomass, water electrolysis, hydroelectric power
	To Study hydrogen storage and its uses
	Hydrogen utilised as a fuel as well as a source of power in fuel cells.
	-

	(Ye, 2011)
	Pt-IrO2 nanorod array electrode

	Dip coating/calcination method
	To optimize the use of catalyst material in PEM
	Reduced catalyst loading allows for more efficient use of precious catalytic material in PEMWE.
	30

	(Millet, 2012)
	Hydrogen and its production technologies
	Water electrolysis for hydrogen generation
	Economical & compatible Hydrogen generation
	PEM is the future technology for the generation of Hydrogen and HHO.
	18

	(Deimede, Labou and Neophytides, 2014)
	Polythene oxide grafted polyether sulfone and sulfonated polysulfone
	Dynamic mechanical analysis at 10 Hz and thermogravimetric analysis Q50 from TA Instruments were performed using a solid-analyser RSA II from Rheometrics Scientific.
	Focused on mixtures of SPSf & PEO-moulded PESU for small temperature electrolysis of H2O.
	The amorphous SPSF (Na)/PES-g-PEO blends developed have a high glass transition temperature, good thermal stability, and strong water absorption.
	47

	(Gößling et al., 2018)
	Current-voltage dependency in PEM
	Automated parameter calibration, MATLAB/
Simulink.
	To introduce a statistical method for PME electrolysis, representing current-voltage reliance.
	An extensive experimental system was formulated for electrolysis voltage simulation.
	8

	(Kim et al., 2018)
	Sulfonic acid, TSiA,CeO2, Cs+HPAs
	AC impedance spectroscopy & Fenton test 
	The goal was to finish the processing of a range of HPAs and cerium oxide for H2O electrolysis.
	Significant enhancements to composites electrochemical behaviour were made.
	22

	(Notter et al., 2015)
	Catalyst powder with platinum nanoparticles
	Product systems for an HT PEM fuel cell, a product system for CHP, and production systems for mobility are all included in the life cycle evaluation.
	The purpose of this study was to compare the environmental performance of the two types of HT PEM FCs.
	In high-temperature PEM FCs, platinum is the most important component. The FCEV have the environmental advantage 
	116


Comment: PEM H2O electrolysis is a dependable, durable, and adaptable technology. PEM is the hydrogen and HHO generating technology of the future. It is gaining popularity due to its intrinsic benefits, such as increased safety and efficiency. Using AEM electrolysis with a non-noble metal catalyst lowers the capital cost of the complete system. PEM and AEM technologies create H2 and HHO, which can be used to power internal combustion engines (ICEs) and as a fuel for electric vehicles. Fuel cells can also be used to generate power. Microporous metal-organic frameworks can be used to store the H2/HHO generated. The glass transition temperature, temperature stability and water up taking ability of the amorphous SPSF (Na)/PES-g-PEO blends developed are all high. In high-temperature PEM FCs, platinum is the most important component. The FCEV is better for the environment. The capital cost of the complete system is reduced by using AEM electrolysis with non-noble metal catalysts.
5. Generation of Oxyhydrogen Gas (HHO)/H2 Using Non- Conventional Catalysts/ Advanced Material for cell formation/Sulfonated Polyether ether ketone/CL-SPEEK/Cs-MoPA/CeO2/ Graphene etc: In a fuel cell, research of sulfonated Poly (ether ether ketone) based membrane electrode assembly and dimethyl formamide as solvent was used as an input parameter. The work was carried out on the fabrication of a solid polymer electrolyte water electrolyzer using a solvent. The purpose was to optimize the performance of MEA. The result showed that it has a great effect on cell performance (Xiang et al., 2015). It generates extremely pure H2, reacts quickly and adapts effectively to dynamic load conditions, and is technologically straightforward.
WO3 + 2NaOH 	           Na2WO4 + H2O 
The support for Adam's fusion and hydrolysis routes at various phases of synthesis, as well as the mechanical mixing catalyst (IRO), were examined and compared (Baumann et al., 2016). Pt(NH3)4Cl2 (0.004 M) was used for the Pt cathode, whereas Pd(NH3)4Cl2.H2O was used for the Pd cathode (0.004 M). The Pt–Pd anode was made using Pt(NH3)4Cl2, whereas the Pt anode was made with Pt(NH3)4Cl2.H2O (0.002 M). The Pt and Pd cations were impregnated into the composite membranes after they were submerged in the solutions (Kim et al., 2017). In this paper, for both the anode and cathode reactions, complete AWE cells were created using new porous catalysts. This discovery paves the way for the development of lightweight water electrolysis cells that do not rely on commercially available valuable catalysts (Vineesh et al., 2017). Recorded the formation of heterostructure crystalline CoP nanoclusters were placed inside an amorphous CoOx matrix in the CoP@a-CoOx plate, resulting in strong OER and HER operation in an alkaline media. Such impressive bifunctional activities were accompanied by excellent operational stability, suggesting that it may be employed in a realistic AWE system (Yu et al., 2018). 
In alkaline media, Ni5P4@NiCo2O4 was discovered to convert H2O into H2 with The approach has low onset overpotential and a low Tafel slope, which is superior to other methods documented in the literature. The Tafel slope of 27 mV dec1 demonstrates that H*-H* coupling is a quick step once water electrolysis starts (Zhang et al., 2018). A thin carbon film encapsulating a cobalt metal-rich (core-shell Co@NC) catalyst was employed as an effective and stable oxygen electrocatalyst in a water electrolyzer. The high electrocatalytic activity and durability of the resultant core-shell Co@NC catalyst, as well as the effective usage of additional active sites on metallic cobalt, were revealed to be due to the structural and chemical compositions of the catalyst (Sivanantham et al., 2018). Depending on the potential and surface composition of the anode, direct dissolution of Ir metal, a route via the Irv–IrIII transition, or the production of IrO3 at high potentials were all feasible. The electrode material has an impact on the ratio of different step rates as well as the stability at a particular current density (Kasianetal.,2018)
Table: 4 Research Activities on Generation of Oxyhydrogen Gas (HHO)/H2 Using Non- Conventional Catalysts/ Advanced Material for cell formation/ Sulfonated Polyether ether ketone /CL-SPEEK/Cs-MoPA/CeO2/ Graphene etc.
	Author & year
	Input
	Analysis methodology
	Purpose
	Result and outcome
	Ref.

	(Xiang et al., 2015)
	Dimethyl formamide as the solvent 
	Fabrication Technique Induced by Solvents
	To optimize the performance of MEA
	This technique has a great effect on cell performance and is optimized.
	17

	(Baumann et al., 2016)
	IrxRu1-xO2  Anode Catalysts
	PEM-Water Electrolysis
	Support IrxRu1–XO2 anode catalysts
	Ir0.5Ru0.5O2 and IRO/WO3 give a minimum degradation rate.
	31

	(Kim et al., 2017)
	MoPA, SPEEK, CeO2, Pt cathode & anode.
	The experimental section includes an investigation by TGA 2950 
	To investigate the thermal stability of membrane
	Electrochemical properties of PEEK polymer were improved by MoPA and it could be used for water electrolysis.
	20

	(Vineesh et al., 2017)
	Catalyst CO3O4/\NrGO
	Construction of water electrolysis full cell using MEA method.
	To create a lightweight water electrolysis cell that does not rely on commercially available precious metal catalysts.
	The NiNrGO porous spongy catalyst, which has a low working potential and good stability at an operating voltage, was used to create a WEFC.
	28

	(Yu et al., 2018)
	Cobalt phosphide nanoparticles with a hetero-junction-like structure covered in amorphous cobalt oxides (CoOx) nanoplates
	SEM and transmission electron microscopy were used to study morphology.
	Development of a bi-functional catalyst capable of offering higher Hydrogen Evolution.
	CoP@a-CoOx plate used as cathode & anode components, an effective and stable AWE was created.
	13

	(Zhang et al., 2018)
	Clusters of Ni5P4 & NiCo2O4
	A phosphating mechanism of NiO, which resulted in a slew of subsequent targeting clusters on NiCo2O4.
	To build a nesting system for the Ni5P4 Nano-sized colonies through a phosphating procedure of Nickel oxide clusters on nickel cobaltite.
	Nickel cobaltite species had a higher electrolyzing potential for H2O, and after that, Ni5P4 groups cause hydrogen products to become desorption.
	47

	(Sivanantham et al., 2018)
	Electrolyzer,  Nickel foam-backed core-membrane Co@NC catalyst 
	Electrocatalysts were formed with annealing technology & a biologic potentiostat analyzer was used for electrochemical analyses.
	Formulation and evaluation of core-membrane catalyst of Co@NC. Assessment of electro-catalyst operations & reliability.
	Metal-rich core-shell electrocatalysts may be made from inorganic nonporous materials like Prussian blue equivalents.
	74

	(Kasian et al., 2018)
	scanning flow cell coupled with
OLEMS and metallic Ir Anodes
	OER, XAS and XPS methodologies, DEMS and OLEMS driven methods.
	Knowing how catalysts degrade during the oxygen evolution reaction.
	The OER was an important element in the production of effective electrolyzers for power transformation and stocking.
	23


Comment: The processing of HHO/H2 is successfully optimised using a sulfonated poly-based membrane electrode, which has a significant impact on cell efficiency. The degradation rate of Ir0.5Ru0.5O2 and IRO/WO3 is the lowest. NiNrGO is a porous spongy catalyst with a low working potential and good stability that is used to create a complete water-electrolysis cell. The CoP@a-CoOx plate is used as the cathode and anode components to achieve efficient and safe AWE. Nickel cobaltite species have a higher H2O electrolyzing capability, and Ni5P4 groups allow hydrogen products to become adsorptive. Metal-rich core-shell electrocatalysts can be made from inorganic nonporous materials such as Prussian blue analogues. The OER played a key in the development of high-efficiency electrolyzers for energy conversion and storage.
6. Generation of Oxyhydrogen Gas (HHO)/H2 Using Renewable Energy (Solar/Wind):
This work presented a versatile simulation structure of a solar-operated electrolysis system of high temperature that enables the evaluation of competing approaches of solar integration and directing the operating conditions by optimising performance and minimising costs and provides the road to refining sustainable solar fuel. It includes three approaches: (i) heat methodologies utilizing solar-centric technology to yield heat and electricity generation via thermodynamic cycles (ii) photovoltaic methodologies utilizing photovoltaic technology to supply power and produce heat via electric heaters, and (iii) fusion methodologies using solar concentrated technology & PV’s to supply heat and power. The third approach was highly effective in producing hydrogen (ƞSTF = 9.9 percent) with a minimum expense, Cfuel = $4.90 per kg, all 3 frameworks have the cheapest costs(Lin and Haussener, 2017). In this review, the author utilizes element learning slopes of curves to analyze the impacts of supportive policies on the forthcoming capacity of 2-hydrogen generating approaches utilizing solar power: solar thermo-chemicals & solar photovoltaic electrolysis (SPV) (Nicodemus, 2018).
They worked on solar-operated high-temperature H2 generation via SSCPV and solar power used as input and analyzed from integrated concentrated solar and PV capacity. This proposed the advanced solar process layout incorporating both heat & quantum modules of solar power. This work offered an understanding of the entire system efficiency of a versatile and measurable solar process layout for H2 generation from H2O (Shafiei Kaleibari, Yanping and Abanades, 2019). The cell was shown to use homogeneous and heterogeneous catalysis in parallel in this study, with the use of a dye-sensitized solar cell. The cell's anticipated hydrogen generation efficiency was about 4%, with a solar light consumption of 20%. For heat cogeneration, the cell can recover about 60% of solar radiation (Zamfirescu. C, 2012).
In a series circuit, the number of OSC unit cells defines voltage and electric power. For electrolyzing water, it was discovered that six OSC unit cells were optimal. A PtC anode and a Ni cathode electrolysis cell performs similarly to one with two Pt electrodes. (Aoki, Naruse and Abe, 2013). Zhang et.al worked on water electrolysis-based distributed energy systems powered by renewable electricity. Renewable electricity was used as input parameters (Zhang and Zeng, 2015).This thesis proposed a novel green energy scheme focused on multi-production energy devices, & solar power, utilized to generate power for a multiple-unit construction using the cycle of Kalina. An electrolyzer was occupied to generate H2 from the remaining part of energy (Ozlu Sinan, 2016). They used a modified photoanode to generate solar hydrogen from saltwater. Solar hydrogen was taken as input and analyzed by multimetal oxide BIVO4. The purpose was to study the world's most plentiful natural resource and renewable energy source (Luo et al., 2011). The evaluation framework for solar fuels technology in general and solar fuel was analysed with a catalytic converter. The purpose was solar energy gathering technology and results at the cutting edge was that solar refinery was contingent upon significant technological improvement (Herron et al., 2015). A comparison of photovoltaic-electrolytic and photovoltaic-electrochemical solar hydrogen production systems was conducted to this end. In comparison to existing technology, electrolytic hydrogen prices were projected to be significantly cheaper than solar hydrogen pricing, necessitating innovative ways to solar hydrogen generation (Shaner et al., 2016). 
Zhang and colleagues investigated distributed energy systems based on water electrolysis and renewable power. The goal was to tackle the renewable energy intermittency problem. The findings revealed that AWE and FC were critical in achieving hydrogen's potential (Zhang and Zeng Kai, 2016). focused on electrochemical solar-hydrogen generating mass transport issues. Solar energy was used as input parameters by a solar hydrogen generator. The goal was to use the results which revealed that engineering design factors, as well as techno-economic and environmental feasibility studies, should be incorporated in the solar-hydrogen generating design (Modestino, Hashemi and Haussener, 2016). Photonic nanostructure was used as an input parameter by photocatalytic degradation and solar water splitting method. The goal was to combine various types of photonic nanostructures to develop a more efficient solar energy conversion system. The findings revealed that understanding charge generation, separation, and transport processes in photonic nanostructures was required for designing more efficient photonic nanostructures for solar energy conversion applications (Zheng and Zhang, 2016). They investigated the feasibility of a hybrid system that combines solar water heating with molecular solar thermal energy storage. The goal was to increase the quantum yield of light isomerization, quadricyclane half-life, and build a solvent-free, liquid MOST system (Dreos et al., 2016). 
Yang et.al experimented with solar-powered simultaneous steam and electricity generation from salt. Solar energy and seawater were employed as inputs, and solar-driven interfacial water evaporation was used to extract them. The goal was to create energy using a hybrid system that included carbon nanotubes-modified filter paper and a commercial nafion membrane. The results revealed that sun desalination and salinity power collecting may be done directly on the sea, resulting in a significant volume of fresh water and free energy on a wide scale (Yang et al., 2017). Plasmonic nanoparticles were used as antennas in this study to focus light for photocatalysis and photovoltaic, making it easier to transform solar energy into chemical energy and power (Ye et al., 2017). This study highlighted new advances in the use of metal-complex chromophores, such as metal complex photosensitizers and supramolecular photocatalysts, in solar to H2 conversion. The essential concepts of photocatalytic H2 generation were reviewed (Yuan et al., 2017). The performance of OME1 in the vicinity of a perfect blending component was investigated in this work. It decreases both global warming and fossil fuel depletion in proportion to the amount of diesel fuel substituted. LCA of OME1 blends vs. fossil diesel also reveals that OME1 blends can minimise environmental effects from cradle to grave (Deutzet al., 2018). Solar energy and water are used as input and analyzed by photo-electrochemical or photovoltaic-driven electrolysis devices. The purpose was to employ a PV electrolysis system for economical production of hydrogen which was to be utilized by solar hydrogen technologies and the results showed the creativity of the science community's capacity to pivot into new viable application areas, which will have a significant influence on future social and environmental consequences of solar-hydrogen technologies (Ardo et al., 2018). They worked on Plastic waste as a fuel for solar-powered H2 production. Polylactic acid with other parameters was used as input and was analyzed by solar-driven reforming of plastic. The purpose was to convert plastic waste into formate, acetate, and pyruvates were formed from pure hydrogen and waste polymer. This approach was able to solve the worldwide problem of plastic deterioration while also addressing other issues (Uekert et al., 2018). 
In this work, the P&O MPPT algorithm was utilised in conjunction with the PI controller to more effectively detect PV energy and convert it to the necessary electrolysis process's voltage level. MATLAB/ Simulink software was used to model the photo voltaic-powered DC buck converter for electrolysis load in greater detail (Ergin Şahin, 2020). The efficiency for biomass gasification-based hydrogen production is 53.6 percent and 49.8%, respectively, but the efficiencies for geothermal power generation-based hydrogen production are 10.4 percent and 10.2 percent. Exergetic and energy efficiency of hydrogen generation systems using solar PV systems were discovered to be 17.45 percent and 16.95 percent (Ishaq and Dincer, 2021).
Available Solar Energy: The following calculation is based on daily average solar irradiation and used to determine available solar energy:
Q.solar available = Isolar. APTC’s
Isolar = Solar Irradiation
APTC’s = Cumulative area of PTCs
Available Wind Energy: The area of the wind turbine blades, wind velocity and density of the air all contribute to wind energy. As a result, the following equation is used to determine average available wind energy:
W.wind; available = Nt.(1/2)ρair.Arv3 upstream
Nt = No. of Turbines
ρair = Air density
Ar = Wind Turbine Area
v3 upstream = Upstream wind velocity( Luqman, Bicer and Al-Ansari, 2019)
Table: 5 Research Activities on Generation of Oxyhydrogen Gas (HHO)/ H2 Using Renewable Energy (Solar/Wind)
	Author & year
	Input
	Analysis methodology
	Purpose
	Result and outcome
	Ref.

	(Lin and Haussener, 2017)
	CSP and photovoltaic cells, and elevated-temperature electrolysis device.
	Evaluation of solar operated elevated temperature electrolysis of H2O.
	Analysis of high-temperature solar-driven electrolysis devices used in Hydrogen and syngas manufacturing.
	Hybrid methods using unadulterated solar and photovoltaic technology create hydrogen at 10.6 percent efficiency
	52

	(Nicodemus, 2018)
	H2 generated from Solar power
	Solar thermochemical cycles, PV & electrolysis
	To study possible prospects of hydrogen development using solar power.
	The solar thermochemical cycle has superior long-term ability to minimise costs from acquiring, and it's the quickest way to hydrogen production.
	62

	(Shafiei Kaleibari, Yanping and Abanades, 2019)
	Photovoltaic concentrating power and solar concentrating electricity
	With the creation of the SOC, Modeling and numerical simulations of the solar-to-hydrogen conversion process were carried out.
	To produce the H2 effectively using both components of Solar energy (Thermal & Quantum)
	It is possible to reduce the expense of a solar thermal photo-electrochemical hydrogen generation device while increasing overall performance.
	62

	(Zamfirescu. C, 2012)
	Hybrid Photo-Catalysis
	Experiments were conducted with a photo-electrolysis cell subjected to solar radiation and a dye-sensitized solar cell.
	Photo-electrochemical system design idea Cell that divides water
	As compared to other solar electrolysis cells, the reaction rate tends to be faster.
	29

	(Aoki, Naruse and Abe, 2013)
	Thin-film solar cells
	Photolithography and chemical etching
	Hydrogen and oxygen are produced via the electrolysis of water.
	For electrolyzing water, a total of six OSC unit cells is optimal. The efficiency of a PtC and Ni cathode electrolyzing cell is comparable to that of two Pt electrodes.
	13

	(Zhang and Zeng, 2015)
	Renewable electricity
	Hydrogen was used and introduced as an energy carrier by electrolysis of alkaline water.
	Solving the renewable energy intermittency challenge
	AWE and FC are critical components in realizing hydrogen's ability.
	40

	(Ozlu Sinan, 2016)
	Solar energy
	Multigeneration  system
	Solar energy is used for heating, cooling, power, and hydrogen production.
	It saves 1398 t of CO2 per year as compared to a traditional method, which was enough to satisfy the demand of 94 suites.
	28

	(Luo et al., 2011)
	Hydrogen, BIVO4 (photoanode).
	A multi-metal oxide is used to separate seawater.
	A porous Mo-doped BiVO4 photoelectrode was the goal.
	Photocurrent can be greatly improved by MO doping.
	28

	(Herron et al., 2015)
	Framework and solar fuels
	Direct CO2 reduction utilising H2O and solar energy, as well as catalytic conversion using solar-derived hydrogen.
	Examine the current state of solar energy collecting and conversion to solar power.
	The continuation of the solar refinery was contingent on substantial technological advancements.
	312

	(Shaner et al., 2016)
	Photo-electro chemical  and photovoltaic-electrolytic approach
	Solar-hydrogen output by photo-electrochemical (PEC) and photovoltaic-electrolytic (PV-E) methods were compared.
	A relative techno-economic evaluation of PEC & PV-electrolytic solar H2 generation.
	Base case photo-electrochemical mechanisms were beneficial as compared to base case photovoltaic-E mechanism.
	83

	(Modestino, Hashemi and Haussener, 2016)
	Solar energy and different membranes
	The researchers looked at mass transfer processes in boundary layers, bulk liquids, and solid electrolytes.
	The goal was to strike a compromise between the membrane's strong ionic conductivity and low gas permeability.
	The boundary layer needs to be paid more respect. Polymer mixer, in which balanced transport, conductive and gas-impermeable textiles are employed, may also be an interesting choice.
	204

	(Zheng and Zhang, 2016)
	Photonic nanostructure
	Photo-catalytic degradation and solar water splitting method
	To build a more efficient solar energy conversion system by combining several types of a photonic nanostructure.
	Photonic nanostructures have the potential to improve photocatalytic degradation, photovoltaic cells, and solar water splitting by confining and modulating light.
	166

	(Dreos et al., 2016)
	Solar energy and water
	Hybrid technology
	To obtain an energy storage efficiency of up to 80% for solar water heating.
	Photoisomerization quantum yield and quadricyclane half-life have both improved.
	51

	(Yang et al., 2017)
	Solar energy and seawater
	Solar energy is used for desalination, and power is extracted from the evaporation-induced salinity gradient.
	To generate energy, a hybrid device based on carbon nanotubes-modified filter paper and a commercial nafion membrane would be utilised.
	The sun desalination and salinity power collecting processes are likely to take place immediately on the seabed. Obtaining a massive amount of fresh water and large-scale blue energies.
	29

	(Ye et al., 2017)
	Plasmonic nano-structures.
	Photo-catalysis & PV’s
	Plasmonic Nano-structures could be utilized like antennas to focus light during photo-catalysis & PV’s.
	Surface Plasmon utilized during photo-catalysis & PV’s overlaps most operating processes but demonstrates little variance because of their distinct comprehensive systems & drawbacks.
	101

	(Yuan et al., 2017)
	Photoactive materials.
	Investigate current advances for solar-to-H2 conversions, such as metal-complex photosensitizes and supramolecular photocatalysts.
	Solar-to-Hydrogen production.
	For a PEC water-splitting cell, Cu2O is a desirable p-type oxide, but it showed photo-electrochemical stability. PEC water splitting cell, a new technique must be developed.
	250

	(Deutz et al., 2018)
	Synthetic fuels (Oxymethylene ethers)
	Life Cycle Testing was used to measure the environmental impact of OME-based petrol.
	To lessen the detrimental impact of the transportation industry on the climate
	OME1 can be nearly carbon-neutral in blending: Diesel was being replaced at a rate of 24 percent.
	62

	(Ardo et al., 2018)
	Solar energy and water for hydrogen
	Photo-electrochemical or photovoltaic-driven electrolysis device and system
	To employ PV electrolysis system for economical production of hydrogen which was to be utilized by solar-hydrogen technologies
	In short term, photovoltaic-driven electrolysis systems would be a cost-effective alternative, however, electrochemical solar-hydrogen technologies may become more commonly used in the energy industry in the long term.
	121

	(Uekert et al., 2018)
	Polyactic acid, PET and polyurethane
	Solar driven reforming of plastic
	Converting plastic trash into pure hydrogen and waste polymers into organic products like formate, acetate, and pyruvate.
	Photo reforming has the potential to address both the worldwide problem of plastic pollution and the implementation of renewable H2 production at the same time.
	42

	(Ergin Şahin, 2020)
	Solar energy/PV energy, DC-DC buck converter,
	MPPT method and a PI controller were used in MATLAB/Simulink programme.
	Hydrogen energy generation from PV
	In MATLAB/ Simulink programme, the PV-powered DC-DC buck converter for electrolysis load was modelled. With PV sources, the simulation results for load voltage, current, and power are studied.
	45

	(Ishaq and Dincer, 2021)
	Biomass, Solar,
Geothermal, Renewable hydrogen.
	A comparative study using EES software, whereas Aspen Plus is used to model a hydrogen generation system based on biomass gasification.
	To investigate hydrogen manufacturing devices using solar PV and geothermal energy.
	The maximum percentage of energy and exergetic efficiency is achieved when hydrogen is produced utilizing the biomass gasification process.
	29



Comment: Solar concentrated and photovoltaic technology is used to provide heat and electricity infusion methodologies. It produces hydrogen efficiently and at a low cost. The solar light consumption rate of 20% is observed, projected cell hydrogen output efficiency is about 4%. Around 60% of the solar radiation can be recovered for cogeneration of heat in the cell. Six OSC unit cells were found to be the most effective for electrolyzing the water. The findings revealed that AWE and FC are critical in realizing hydrogen's potential. The processes of charge formation, separation, and transport in photonic nanostructures are critical for developing a more effective conversion of solar energy. When solar desalination and salinity power harvesting were carried out at sea, a significant volume of fresh water and free energy was collected. 
The use of OME eliminates both carbon warming and fossil fuel depletion concerning the volume of diesel fuel substitutes. In addition, the life cycle assessment of OME mixes and fossil diesel reveals that OME blends can minimize environmental effects. The process of transforming plastic waste into formate, acetate, and pyruvate are organic compounds made from pure hydrogen and waste polymer. It will solve the global problem of plastic depletion while also reducing reliance on fossil fuels. The solar thermochemical cycle has a better long-term potential to reduce acquisition costs and is a faster path to hydrogen output. MO doping can significantly increase photocurrent. Although Cu2O is a desirable P-type oxide for usage in a PEC water-splitting cell, it is photo-electrochemically unstable. The PEC water splitting cell will require a new method.
7. Generation of HHO/H2 Using Microbial Electrolysis Cell Technology for Biological and Glycerol Hydrogen Production:  
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Fig: 3 Schematic Diagram showing construction & working in two chambered MEC Cell.
Chemical Reaction: 
Anode (+):C2H4O2+ H2O           	CO2 + 8 e- + 8 H+
Cathode (-):8 e- + 8 H+	         4H2 

In this paper, MECs were generating biological HHO/H2 and discussed methanogenesis suppression techniques that are now accessible. The MEC emphasise the use of chemical methanogenic inhibitors, with an emphasis on the enzymatic mechanisms that support them (Karthikeyan et al., 2017). MEC offers an appealing option for energy-efficient H2 production as well as wastewater treatment, as they can transform organic materials into H2 using microbial electrocatalysis. The expensive cost of electrode materials is a major stumbling block to MECs' widespread use, platinum has been considered as the best catalyst for H2 generation. However, due to strong catalytic activity, it is not a practical catalyst for scaled use in MEC (Xiang et al., 2020). A cutting-edge device known as microbial electrolysis can produce clean, sustainable hydrogen from a variety of renewable biomass and wastewaters. The key problems of MEC technology were to increase the hydrogen generation rate and reducing energy input (Kadier et al., 2015). Unlike classic biological techniques, MECs can overcome thermodynamic constraints and create high-yield hydrogen from a wide range of organic materials under relatively mild conditions. This approach considerably reduces the cost of electric energy for hydrogen production as compared to direct water electrolysis (Hua et al., 2019).
For MCE the NFR-PEM based and SPEEK was created and tested as a proton conductor. By favouring selective proton transfer over competing cations, the NFR-enhanced PEM's proton selectivity significantly alleviated the anodic pH reduction damaging to anode bacteria, resulting in overall better hydrogen gas output in the MEC when the NFR-PEM system was set up (Chae et al., 2014). Single chamber MECs were used to successfully create hydrogen in the presence of four antibiotics. This study's recent application offers a unique method for inhibiting methanogenesis in MECs. Methanogenesis was prevented for the long term using a new sophisticated microbial inoculum (Catal, Lesnik and Liu, 2015). The performance evaluation's findings demonstrate that the technique for determining a combined performance factor for a BES provides a complete comparison of traditional and BES-based technologies. According to the model, overall performance increased by a factor of 1.89 (Brown et al., 2014). With a twin anode arrangement in single-chamber MECs, the hydrogen generation from glucose was enhanced by repressing the activity of methanogens using a particular methane inhibitor (such as chloroform) (Zhang et al., 2016). At relatively moderate temperatures, MECs may overcome thermodynamic constraints and generate high-yield hydrogen from a variety of organic compounds (Zhang and Angelidaki, 2014). Different electrodes behaved differently, indicating that electrode change was a viable option for improving MFC performance. The integration/combination of MFCs with current wastewater treatment technologies appears to be more promising, cost-effective, and practicable in terms of wastewater treatment (Zhou et al., 2011). It may be possible to save a lot of energy by employing MFCs for wastewater treatment. Aside from biohydrogen, breakthroughs in MFC research have discovered that MFCs in the composition of MECs may be used to make biomaterials (Zhou et al., 2013). Inhibiting methanogenesis by adding peptaibol alamethicin to MEC solutions changes the microbial populations in these bioelectrochemical reactors significantly. Alamethicin was more effective in inactivating methanogens than other methanogenesis inhibitors like BES (X. Zhu et al., 2015). 
The wastewater might be a good source of biohydrogen, potentially converting an energy-consuming industry into an energy-generating one (Islam et al., 2021). Optimization of operating conditions was required to increase the economic feasibility of Bio-hydrogen generation. The biohydrogen generation technique has two major drawbacks: limited substrate conversion and low productivity (Preethi et al., 2019). Dark fermentative biohydrogen synthesis has the capability of becoming a significant technology for sustainable energy generation. The "Thauer limit" for H2 production was set at 4 moles of H2 per mole of glucose (Ergal et al., 2020). Using a synergistic combination of aerobic respiration and hypoxic photosynthesis, researchers were able to produce hydrogen from a spatially organised microbial community at rates much beyond those reported in Nature for instantaneous biomass-to-fuel yields (Xu et al., 2020). To boost hydrogen generation, researchers looked at photo-fermentation, MEC, cell-free enzymatic systems, and metabolic engineering (Ding, Yang and He, 2016). Nguyen H. Tran and G. S Kamali kannangara worked on glycerol to hydrogen-rich gas conversion. Glycerol was taken as input and was analyzed by a non-catalytic pyrolysis process. The goal was to lessen our reliance on hydrogen-rich fossil fuels. It aimed to protect our environment from harmful exhaust emissions (Tran and Kannangara, 2013). 

Table: 6 Research Activities on Generation of HHO/H2 Using MEC a Technology for Biological and Glycerol Hydrogen Production
	Author & year
	Input
	Analysis methodology
	Purpose
	Result and outcome
	Ref.

	(Karthikeyan et al., 2017)
	Microorganisms & MEC
	Bioelectrohydrogenesis by MEC
	Generation of biological hydrogen
	In comparison to abiotic water electrolysis, H2 synthesis in MECs requires a significantly lower electrical voltage.
	136

	(Xiang et al., 2020)
	Microbial electrolysis cells
	MEC feasibility and compatibility methods were published in several publications.
	MEC advancement for hydrogen production
	MECs appear to be a promising source for H2 generation
	87

	(Kadier et al., 2015)
	The Study of developments in various types of MEC reactors.
	MEC reactors have been built for both waste treatment and sustainable and high yield hydrogen gas generation.
	A summary of current developments in the design & configuration of MEC reactors
	High H2 recovery & generation rates can be achieved utilizing membrane-free MEC designs
	61

	(Hua et al., 2019)
	Some value-added applications where MEC integrated with other BESs.
	LCA, electron transfer pathways
	Investigating the use of MEC
	MEC is still in its infancy as a technology
	175

	(Chae et al., 2014)
	NFR-PEM, SPEEK
	Tensile tests were performed. at room temperature making use of an Instron 5967 tension tester. Membrane pretreatment, SEM studies, and fuel and gas crossing were all carried out. Nitrogen gas was used to clean the anode and cathode chambers of a MEC.
	Preparation of novel membrane
	The novel membrane was developed
	22

	(Catal, Lesnik and Liu, 2015)
	Antibiotics such as neomycin sulphate, 2-bromoethane sulfonate and others
	Hydrogen generation by a mixed-species community was studied using glass serum vials. All of the studies were carried out in a temperature-controlled environment approx. at 30oC
	To evaluate that hydrogen production can be improved or not
	According to findings, the addition of several antibiotics to the amalgam species of MECs could be beneficial in H2 production
	36

	(Brown et al., 2014)
	Wastewater samples and MEC
	Experiments comparing conventional and BES-based technologies were undertaken Small laboratory reactors and a full-scale reactor was used.
	High-load-rate performance evaluation
	Overall,  the results were improved
	37

	(Zhang et al., 2016)
	Specific methane inhibitor, MECs
	The water replacement method was used to measure the biogas generated by the MECs. With a thermal conductivity detector, a gas chromatograph may be used was used to examine the gas composition.
	To improve H2 production
	The addition of a particular methane inhibitor enhanced H2 generation from glucose
	32

	(Zhang and Angelidaki, 2014)
	MECs new application
	A thorough study of MEC Technology. 
	A thorough examination of all novel MEC applications
	Enhanced H2 production from MEC is possible
	74

	(Zhou et al., 2011)
	MFCs, anode/cathode materials
	Use of Carbon nanotubes in MFCs, CV has been widely utilised to research the processes of electrode reactions 
	The latest development in anode/cathode & filling materials in MECs
	MFC's appears to be cost-effective, and viable with today's wastewater treatment systems
	87

	(Zhou et al., 2013)
	Different operating conditions MFC’s reactors
	Direct e- transfer and facilitated e- transfer are two types of e- transfer processes used to transmit e- between microorganism and electrodes.
	A summary of recent developments in MFC design & operations
	Enhanced electron transport, lower costs
	100

	(X. Zhu et al., 2015)
	Microbial electrosynthesis  systems 
	Gas chromatography is used to analyse the data. Forward and reverse fusion primers that target the 16S rRNA gene were used to amplify extracted DNA for pyrosequencing.
	To demonstrate that peptaibol alamethicin selectively inhibited methanogen growth.
	In MES systems, alamethicin is capable of inhibiting methanogen proliferation
	27

	(Islam et al., 2021)
	Wastewater and study of advanced research activities
	Photocatalysis, microbial photo electrochemical processes, and MECs are all examples of photo and dark fermentation.
	This research looks into ways to make hydrogen from wastewater that are both sustainable and low-energy intensive.
	It reveals that waste H2O can be a valuable biohydrogen source.
	133

	(Preethi et al., 2019)
	Organic & Industrial wastewater
	Dark fermentation and inoculum pretreatment procedures have been used in research.
	To obtain a better understanding of the biohydrogen manufacturing method
	To upgrade output while maintaining economic viability, operating conditions must be optimised.
	160

	(Ergal et al., 2020)
	Dark fermentative biohydrogen
	Mono-culture experiments & all tests were conducted with E. aerogenes DSM 30053 and C. acetobutylicum DSM 792.
	Precisely engineered consortium 
	The H2 yield was boosted due to the precise design of artificial microbial consortia.
	79

	(Xu et al., 2020)
	Chlorella algal cells, dextranin-PEG emulsion 
	Aerobic photosynthesis, experimental work
	To show that an increased level of H2 production is possible
	Showcase an environmentally friendly droplet-based approach to dispersible photosynthetic microbial micro reactors
	33

	(Ding, Yang and He, 2016)
	MEC and Cell-free enzymatic systems
	Photo fermentation, Metabolic engineering, cell-free enzymatic systems and MEC.
	Hydrogen is viable, long-term energy source
	Renewable energy sources can be used to power MEC.
	161

	(Tran and Kannangara, 2013)
	Glycerol
	Catalysis at moderate and high temperatures, as well as a pyrolysis process that isn't catalytic
	Biofuels production will become more competitive, and we will be less reliant on fossil-based hydrogen-rich gas.
	Reforming efficiency was improved, and the presence of valuable catalytic components was reduced, although this was not completely assessed.
	166



Comment: It's tough to stop MEC from producing methane, and additional study is needed. The quantity of CO in an H2 rich gas may be controlled by modifying catalysts or support materials with nanoscale variation and more study is needed. The MECs emphasize the use of chemical methanogenic inhibitors, and on the enzymatic mechanisms that support them. The non-catalytic pyrolysis procedure was used to analyse glycerol and create hydrogen. MEC can convert organic resources into H2 via microbial electrocatalysis, making it an intriguing choice for energy-efficient H2 generation and wastewater treatment. The high cost of electrode materials is a key stumbling hurdle to MECs' widespread adoption, as platinum has long been thought to be the ideal catalyst for H2 production. The main challenge of MEC technology is to enhance hydrogen production while lowering energy consumption. This technology when compared to direct water electrolysis, the cost of electric energy for hydrogen synthesis is considerably reduced. Using MFCs for wastewater treatment can save a lot of energy. Aside from biohydrogen, recent advances in MFC research have revealed that MFCs in the form of MECs may be utilised to create biomaterials. Dark fermentative biohydrogen synthesis has the potential to be a key technique for generating long-term energy. MECs appear to be a viable H2 source.
8. Generation of Oxyhydrogen Gas (HHO)/Hydrogen Gas Using Magnetic Field and Pulse Potential: 
Hourng et.al worked on the impact of magnetic field and pulse potential on water electrolysis hydrogen generation.  Nickel electrodes were used. The purpose was to accelerate the speed of gas discharge from the electrode surface. The greater the potential difference, the higher the instantaneous current density, which speeds up gas discharge from the electrode surface while reducing polarisation (Hourng, 2014). Iida et.al carried out the water electrolysis in the presence of a magnetic field for enhanced cell performance (Iida, Matsushima and Fukunaka, 2007). 
In a traditional three-electrode method, water electrolysis was carried out galvanostatically under the effect of a superconducting magnet producing a uniform magnetic field (Matsushima, Kiuchi and Fukunaka, 2009). Koza et.al did a research study on the evolution of hydrogen under the effect of magnetic field and concluded that it is possible to enhanced hydrogen's efficiency (Koza et al., 2011). Water splitting at a low temperature over Fe3O4 pellets produces hydrogen
,         2Fe3O4 + H2O 		2Fe2O3 + H2 (Karatza et al., 2021).
Introduces a modern electrolyzer architecture that incorporates adequate electrode material and form selection as well as a magnetic field device to minimise energy consumption, the impact of the optimum magnetic field strength was determined for this method (Abdulameer et al., 2019). By imposing spin-selectivity on the anode by coating it with hydrogen peroxide gas generation was substantially decreased while the total current through the cell was increased using chiral organic semiconductors produced from helically-aggregated dyes as sensitizers; Zn-porphyrins and triarylamines, which corresponds to the splitting water mechanism, was significantly increased (Mtangi et al., 2017). 
Discovered a remarkable dendritic development implies a considerable increase in the possibility for the production of H2 gas. The co-deposition of hydrogen molecules characterises dendritic deposition, yet, such a favourable probability change prevents the production of H2 gas (Miura et al., 2017). In the case of Cu depositions in an electrochemical cell with a large ratio of electrode area to cell volume, the interplay of natural convection and the Lorentz force acting on the resultant flow profile might explain the increase in the limiting current density with B (Bund et al., 2003). In natural convection copper electrolysis, Lorentz forces created by faradic currents and magnetic fields produced by permanent magnets were explored in connection to momentum and mass transfer. The flow field was measured, and the concentration distribution was shown, as well as their relationships to measured mean current densities. The orientation of the Lorentz force with natural convection had a big impact on flow structure and mass transfer (Weier et al., 2005). At the very beginning of the electrolysis, Convection powered by Lorentz force is quasi-steady. As a result of the deposition, it continuously transports less concentrated solution through the cathode into the cuboids’ upper zone. The resultant velocity, which feeds the cuboids via convection is 1mm/more than 70% of electrode height (Yang et al., 2008). When compared to DC pulsed power electrolysis, ultrasonic electrolysis has poorer energy efficiency and intensity. The greatest HHO gas generation rate was achieved among other frequencies by applying D.C pulsed power at the frequency of 300 kHz to the described HHO cell (Salek, Zamen and Hosseini, 2020).
Table: 7 Research Activities on Generation of Oxyhydrogen Gas (HHO)/Hydrogen Gas Using Magnetic Field and Pulse Potential
	Author & year
	Input
	Analysis Methodology
	Purpose
	Result and outcome
	Ref.

	(Hourng, 2014)
	Nickel electrodes.
	The electrolysis of water was carried out with the help of a magnetic field and a pulsed potential.
	To accelerate the rate at which gas is discharged from the electrode surface.
	The high potential difference increases current density which enhanced gas discharge and reduces polarization.
	24

	(Iida, Matsushima and Fukunaka, 2007)
	Pd metal and hydride in Pd–H binary alloy
	The water electrolysis was carried out in a magnetic field that was both stagnant and uniform with an amplitude maximum of 5 T in a perpendicular direction.
	To improve the water electrolysis cell efficiency using magnetic field
	By superimposing the magnetic flux density on top of the current density, the performance of water electrolysis was significantly enhanced at high current densities.
	25

	(Matsushima, Kiuchi and Fukunaka, 2009)
	Water electrolysis, H2SO4 solution & uniform magnetic field.
	In a traditional three-electrode method, the electrolysis of water was carried out in a galvanostatically system. 
	Test the dissolved hydrogen supersaturate when there is a magnetic field
	The connection of a warped electric field line surrounding the gas bubble with the magnetic field in the intermediate current density, as well as the movements of the gas bubbles area, can induce microscopic convection.
	32

	(Koza et al., 2011)
	Cylindrical Teflon cell, cuboids glass cell. Pt & Cu plates as electrodes. Na2SO4 as electrolytic
	Numerical simulation performed & validated by an experimental model
	The goal of this project is to look at the development of hydrogen in the presence of a magnetic field.
	It is feasible to enhance the energy efficiency of hydrogen production by employing water electrolysis in a magnetic field.
	26

	(Karatza et al., 2021)
	Fe3O4 pellets with low resistivity
	Simulation modelling investigation with ANOVA analysis
	Low-temperature water splitting on Fe3O4 pellets produces hydrogen.
	Development of H2 was primarily having an impact on hydrogen production, with greater magnetic field and electric power, hydrogen production enhanced.
	54

	(Abdulameer et al., 2019)
	HHO gas, NaOH & NaHCO3 as a catalyst
	Feko software was used to simulate the magnetic electrolyzer and the cell architecture.
	To reduce  energy consumption by electrolysis of water using magnetic field
	NaOH produces the highest power with 33% Concentration under the effect of magnetic field
	15

	(Mtangi et al., 2017)
	Chiral catalysts, chiral dyes, and chiral semi-conductors
	Measurements were carried out using magnetic conducting atomic force microscopy 
	To optimise cell efficiency.
	The current study's experimental findings point to a new approach to increasing the process of water splitting's efficiency.
	36

	(Miura et al., 2017)
	Cyclotron Magneto-hydrodynamic Electrode
	The CMHDE was included in the experiment, and it was fully exposed without a mask.
	To eliminate the Dentrite growth using CMHDE
	In dendritic growth, ionic vacancy plays the same function as the proton. Adsorbed protons were converted to hydrogen molecules at the active points of nucleation after receiving electrons, resulting in normal dendritic growth.
	37

	(Bund et al., 2003)
	Structures of Cu2+/Cu, Ni2+/Ni, and [IrCl6]2/[IrCl6]3
	Electrochemical tests were carried out using a Jaissle IMP 88PC-R potentiostat and ECMW in software. A saturated KCl calomel electrode was used for both potentials.
	To investigate the electrochemical activity of the structures Cu2+/Cu, Ni2+/Ni, and [IrCl6]2/[IrCl6]3 in the presence of a magnetic field.
	Using magnetic field enhanced current strength and leads to the creation of very fine-grained structures of Ni.
	31

	(Weier et al., 2005)
	Magnets made of neodymium, iron, and boron (NdFeB)
	Chronoamperometry & a Pt wire.
Shadowgraph technique. Digital Particle Image Velocimetry.
	Effects of the Lorentz power on mass and momentum transfer.
	Convection was aided by the use of a magnet. The interaction of Lorentz and buoyancy forces has a significant impact on the flow structure.
	4

	(Yang et al., 2008)
	Lorentz force & 0.1M CuSO4 solution.
	The velocity fields were measured using the programme PIV view and the electrochemical cell region was pictured by a MachZehnder interferometer.
	The emergence and less-concentrated solution rise in a bubble-like area was the subject of this article.
	An inhomogeneous field of a magnet creates a Lorentz force that resists buoyancy, causing natural convection to start differently.
	38

	(Salek, Zamen and Hosseini, 2020)
	HHO generator, Ultrasonic waves.
	The experimental model of D.C power and Ultrasonic assisted with Retrofitting technology was used
	To Improve hydroxy generator output of HHO by using Ultrasonic waves and other parameters.
	Optimized HHO generation was obtained for the plate size of 2mm, frequency 300 Hz and more.  Ultrasonic enhanced the HHO generation rate
	28



Comment:  The increased current density accelerates the gas discharge and decreases polarisation when the potential difference is high. By superimposing the magnetic flux density on top of the current density at high current densities, the efficiency of water electrolysis is substantially enhanced. The interaction of a twisted electric field line across the gas bubble with the magnetic field in the intermediate current density zone might cause microscopic convection. Water electrolysis in a magnetic field can enhance the energy efficiency of hydrogen generation. The major factors of hydrogen development are electric power and magnetic field; as the magnetic field and electric power rose, so did hydrogen production. When a magnetic field is present, NaOH provides the best result at the strength of 33% concentration. The experimental result of the current research point to a new direction for Water splitting efficiency is being improved. In dendritic development, ionic vacancy functions similarly to the proton. Adsorbing protons were turned into hydrogen molecules after absorbing electrons, resulting in normal dendritic formation. The application of a magnetic field increased current strength and resulted in the formation of very fine-grained Ni structures. Lorentz and buoyancy forces combine to affect the flow structure. There is a strong unsteady evolution of the inhomogeneous magnetic field.
9. Generation of Oxyhydrogen Gas (HHO)/Hydrogen Gas generation Using Bifunctionality and Flexible Working Electrode/ Cobalt-Tungsten-Boron as an Active Electrocatalyst:
Zhu et.al worked on the mesoporous cobalt phosphide nanorod arrays that are self-supported. The Phosphide mesoporous nanorod arrays and Photo-electrochemistry approach was used. The goal was to research regenerative fuel cell and rechargeable metal-air battery development. Porosity ensures structural linkages and enhanced mass/charge transfer, making it comparable to state-of-the-art catalysts (Y. P. Zhu et al., 2015). They worked on the role of surface trivalent manganese in water oxidation electrocatalysis in undoped and doped MnO2 nanowires. The input parameters were undoped and doped MnO2 nanowires. MnO2 nanowires were created using a hydrothermal technique. The goal was to figure out what surface trivalent manganese meant. The result showed that insertion of Ca and Ag into the tunnel of alpha MnO2 gave a substantial increase in the fraction of Mn3+ (Li et al., 2015). Large-scale hydrogen generation from water electrolysis relied heavily on Earth-abundant, low-cost, and highly active bifunctional electrocatalysts. It was discovered that new FeNi3/NiFeOx Nanohybrids have excellent electrocatalytic activity in both the hydrogen and oxygen evolution reactions (Yan et al., 2016). This research developed an enhanced WES with a double super-aerophobic electrode, which was made possible by combining a nanostructured NiMo alloy with NiFe layered double hydroxide (NiFe-LDH) sheets for hydrogen and oxygen evolution reactions. This WES delivers high performance compared to commercial catalysts (Xu et al., 2016). High-performance electrocatalysts were needed for electrochemical water splitting to create clean hydrogen fuel. It was discovered that the transition metal boron alloy Co-W-B is an active water electrocatalyst. The promise of transition metal-boron alloys as a high-performance, low-cost electrocatalyst for water splitting was discovered in this research (Cao et al., 2017). They focused on core/shell NBs made of TiO2/TiN for effective solar hydrogen production. As an input, synthesised TiO2/TiN core/shell NBs were evaluated using semiconductor-based photocatalysis. The goal was to create an active and low-cost catalyst as a replacement for photocatalytic H2 generation. The results showed that TiO/TiN core/shell NBs could be successfully fabricated by controlling reaction time and temperature and that they had highly stable photocatalytic H2 production performance (Yang et al., 2018).

Table: 8 Research Activities on Generation of Oxyhydrogen Gas (HHO)/Hydrogen Gas generation Using Bifunctionality and Flexible Working Electrode/Cobalt-Tungsten-Boron as an Active Electrocatalyst
	Author & year
	Input
	Analysis methodology
	Purpose
	Result and outcome
	Ref.

	(Y. P. Zhu et al., 2015)
	Phosphide mesoporous nanorod  arrays
	Photo electrochemistry 
	Development of regenerative FC and rechargeable metal-air batteries.
	Structure linkages and enhanced mass/charge transfer are ensured by the catalyst and porosity.
	66

	(Li et al., 2015)
	Undoped and doped MnO2 nanowires.
	The hydrothermal method was used to prepare MnO2 nanowires.
	To find the significance of surface trivalent Manganese.
	Insertion of Ca and Ag into the tunnel of alpha MnO2 gave a substantial increase in the fraction of Mn3+.
	53

	(Yan et al., 2016)
	FeNi3/NiFeOx  Nanohybrids
	NiFeOx nanosheets undergo a one-of-a-kind hydrogenation treatment.
	Electrocatalysts for water splitting
	Nanohybrids of FeNi3/NiFeOx as a highly active bifunctional electrocatalyst for overall water splitting.
	33

	(Xu et al., 2016)
	Nanostructured superaerophobic electrodes
	NiMo alloys with nanostructures and NiFe-LDH films have been synthesised using an electrodepositing process.
	Reduce energy supply for water electrolysis
	When compared to
 commercial catalysts (Pt/C and IrO2/C), the performance is over 2.69 times greater.
	21

	(Cao et al., 2017)
	Co-W-B transition metal-boron alloy electrocatalyst
	XRD, TEM, Raman spectroscopy, and XPS techniques were used to examine the Co-W-B electrocatalyst.
	Clean hydrogen fuel developed.
	Water splitting electrocatalyst with high efficiency and low cost.
	58

	(Yang et al., 2018)
	TiO2/TiN core/shell nanobelts synthesised
	X-ray photoelectron spectroscopy was used to investigate photocatalytic water splitting in water and methanol solutions, as well as the influence of nitridation on TiO2 chemical states (XPS).
	To provide an active, low-cost photocatalytic H2 generation substitute.
	By regulating reaction time and temperature, Tio/ TiN core/shell NBs with highly stable photocatalytic H2 output efficiency was successfully fabricated.
	49



Comment: Structural interactions and increased mass/charge transport are ensured by the catalyst and porosity. The addition of Ca and Ag to an alpha MnO2 tunnel resulted in a significant rise in the Mn3+ fraction. FeNi3/NiFeOx Nanohybrids can be used as a highly active bifunctional electrocatalyst for water splitting. As compared to industrial catalysts (Pt/C and IrO2/C), the nanostructured superaerophobic electrodes enhanced the efficiency. In the TiO2/TiN heterostructure, the conduction band of the Fermi level of TiN is lower than TiO2, indicating that photo excited electrons will easily pass from TiO2 to TiN. The transition of photogenerated electrons from TiO2's conduction band to TiN's surface for the H2 evolution process is smoothed by TiN's metallic character.
10. Conclusion:
The current literature evaluation acts as a link between environmental concerns and societal energy demands. The following conclusion emerges from a thorough study of different techniques producing HHO/H2 gas. This paper presents a comprehensive literature survey of selected Journal/Articles on the generation and applications of HHO/H2 using electrolysis. This review paper focuses on different techniques, which could be applied in areas of HHO/H2 generation, automobile sector, fuel cell technology and clean fuel region. The points can be summarized as below:
· In the AWE system, the 5-6 mm gap between the electrolysis cell plates should be maintained for optimum HHO/H2 gas. 6 gm per litre KOH generate more hydroxy gases with a similar quantity of another catalyst. 3 lt/min HHO flow rate blend with diesel is optimum.
· Enhancement in I.C engine performance with a reduction in exhaust emission on use of HHO/H2. NOx generation at a high HHO flow rate takes place. ANN is one of the best-suited techniques for prediction.
· PEM is highly promising for future use buts it is costly. Low-cost HHO/H2 production can be possible using AEM. Catalyst CO3O4/NrGo has a low operating potential & high stability. Enhancement in hydrogen production when CoP@a-CoOX plate is used in AWE.
· The plastic waste can be used for the generation of HHO/H2 gas using Polyactic acid with a solar-driven reforming system and this technique offers a gateway to a plethora of energy. The process of solar desalination can be used to develop the power required for hydrogen generation. The PEC water splitting is new hope in the region of HHO/H2 generation.
· Unlike classic biological techniques, MECs can overcome thermodynamic constraints and create high-yield hydrogen from a wide range of organic materials under relatively mild conditions. It appears to be a promising source for H2 generation. By superimposing the magnetic flux density on top of the current density, the performance of water electrolysis was significantly enhanced at high current densities.
· It was discovered that new FeNi3/NiFeOx Nanohybrids have excellent electro catalytic activity in both the hydrogen and oxygen evolution reactions. The use of Tio/ TiN core/shell NBs with highly stable photocatalytic H2 output efficiency was successfully enhanced.
Future Scope: Looking ahead, several key areas need further investigation:
· Cost Reduction Strategies: Research should focus on developing low-cost, efficient catalysts and membranes to make electrolysis technologies more economically viable for large-scale hydrogen production.
· Integration with Renewable Energy: Future studies should explore the integration of electrolysis systems with various renewable energy sources, including wind and solar, to enhance the sustainability of hydrogen production.
· Advanced Electrolysis Techniques: The exploration of novel electrolysis methods, such as photo electrochemical (PEC) water splitting and thermochemical cycles, could provide alternative pathways for efficient hydrogen generation.
· Optimization through AI: The application of artificial intelligence and machine learning algorithms to optimize electrolysis processes and predict performance outcomes can lead to significant improvements in efficiency and output.
· Environmental Impact Assessments: Comprehensive life cycle assessments of different hydrogen production methods should be conducted to evaluate their environmental impacts and sustainability.
· Field Trials and Pilot Projects: Implementing pilot projects that utilize HHO in real-world applications, such as in internal combustion engines and fuel cells, will provide valuable data on performance and emissions reductions.
· Waste-to-Hydrogen Technologies: Investigating the potential of converting waste materials into hydrogen through electrolysis or other methods can contribute to waste management solutions while producing clean energy.
By addressing these areas, future research can significantly advance the field of hydrogen production, contributing to a cleaner, more sustainable energy landscape. The continued exploration of innovative electrolysis techniques and their applications will play a pivotal role in the transition towards a hydrogen economy, ultimately aiding in the reduction of greenhouse gas emissions and reliance on fossil fuels.
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The HHO/H2 can be very effectively generated from the MEC electrolysis cell using solar energy and later it can be used as per its application like I.C engine, welding etc.
References
1) Abdulameer, A. Z. et al. (2019) ‘Electrolysis through magnetic field for future renewable energy’, International Journal of Recent Technology and Engineering, 8(2 Special Issue), pp. 489–492.
2) Ahmadi, M. H., Ahmadi, M. A. and Pourfayaz, F. (2017) ‘Thermal models for analysis of performance of Stirling engine: A review’, Renewable and Sustainable Energy Reviews, 68(July 2015), pp. 168–184. doi: 10.1016/j.rser.2016.09.033.
3) Al-Rousan, A. A. and Musmar, S. A. (2018) ‘Effect of anodes-cathodes inter-distances of HHO fuel cell on gasoline engine performance operating by a blend of HHO’, International Journal of Hydrogen Energy, 43(41), pp. 19213–19221. doi: 10.1016/j.ijhydene.2018.08.118.
4) Alrafie, N. et al. (2017) ‘Optimization of oxyhydrogen gas flow rate as a supplementary fuel in compression ignition combustion enginess’, International Journal of Heat and Technology, 35(1), pp. 116–122. doi: 10.18280/ijht.350116.
5) Aoki, A., Naruse, M. and Abe, T. (2013) ‘Series circuit of organic thin-film solar cells for conversion of water into hydrogen’, ChemPhysChem, 14(10), pp. 2317–2320. doi: 10.1002/cphc.201300114.
6) Ardo, S. et al. (2018) ‘Pathways to electrochemical solar-hydrogen technologies’, Energy and Environmental Science, 11(10), pp. 2768–2783. doi: 10.1039/c7ee03639f.
7) Arrigo, R. et al. (2013) ‘In situ study of the gas-phase electrolysis of water on platinum by NAP-XPS’, Angewandte Chemie - International Edition, 52(44), pp. 11660–11664. doi: 10.1002/anie.201304765.
8) Aydin, K. and Kenanoğlu, R. (2018) ‘Effects of hydrogenation of fossil fuels with hydrogen and hydroxy gas on performance and emissions of internal combustion engines’, International Journal of Hydrogen Energy, 43(30), pp. 14047–14058. doi: 10.1016/j.ijhydene.2018.04.026.
9) Ayvazoğluyüksel, Ö. and Filik, Ü. B. (2018) ‘Estimation methods of global solar radiation, cell temperature and solar power forecasting: A review and case study in eskişehir’, Renewable and Sustainable Energy Reviews, 91(May 2017), pp. 639–653. doi: 10.1016/j.rser.2018.03.084.
10) Badr, M. H., Hassan, M. I. and El-Hamalawy, A. A. (2015) ‘On-demand hydrogen cell for automobile fuel consumption efficiency’, International Journal of Green Energy, 12(11), pp. 1086–1090. doi: 10.1080/15435075.2014.890105.
11) Balcombe, P. et al. (2018) ‘The role of hydrogen and fuel cells in the global energy system’, Energy & Environmental Science, pp. 01–29. doi: 10.1039/c8ee01157e.
12) Baltacıoğlu, M. K. (2018) ‘A novel application of pulse width modulation technique on hydroxy gas production’, International Journal of Hydrogen Energy, (xxxx). doi: 10.1016/j.ijhydene.2018.10.228.
13) Bari, S., Hossain, S. N. and Saad, I. (2020) ‘A review on improving airflow characteristics inside the combustion chamber of CI engines to improve the performance with higher viscous biofuels’, Fuel, 264(November 2019), p. 116769. doi: 10.1016/j.fuel.2019.116769.
14) Baumann, N. et al. (2016) ‘Supported IrxRu1–xO2 Anode Catalysts for PEM-Water Electrolysis’, Fuel Cells, 17(2), pp. 259–267. doi: 10.1002/fuce.201500212.
15) Bhardwaj, S., Singh Verma, A. and Sharma, S. K. (2014) ‘Effect of brown gas on the performance of a four stroke gasoline engine’, in International Journal of Emerging Technology and Advanced Engineering, pp. 2250–2459. Available at: www.ijetae.com.
16) Bhave, N. A., Gupta, M. M. and Joshi, S. S. (2020) ‘Effect of Brown’s gas addition on combustion and emissions of homogeneous charge compression ignition engine’, Energy Sources, Part A: Recovery, Utilization and Environmental Effects, (x). doi: 10.1080/15567036.2020.1817194.
17) Brown, R. K. et al. (2014) ‘Evaluating the effects of scaling up on the performance of bioelectrochemical systems using a technical scale microbial electrolysis cell’, Bioresource Technology, 163, pp. 206–213. doi: 10.1016/j.biortech.2014.04.044.
18) Bund, A. et al. (2003) ‘Magnetic field effects in electrochemical reactions’, Electrochimica Acta, 49(1), pp. 147–152. doi: 10.1016/j.electacta.2003.04.009.
19) Buttler, A. and Spliethoff, H. (2018) ‘Current status of water electrolysis for energy storage, grid balancing and sector coupling via power-to-gas and power-to-liquids: A review’, Renewable and Sustainable Energy Reviews, 82(September), pp. 2440–2454. doi: 10.1016/j.rser.2017.09.003.
20) Cao, G. X. et al. (2017) ‘Cobalt-Tungsten-Boron as an Active Electrocatalyst for Water Electrolysis’, ChemistrySelect, 2(21), pp. 6187–6193. doi: 10.1002/slct.201701459.
21) Catal, T., Lesnik, K. L. and Liu, H. (2015) ‘Suppression of methanogenesis for hydrogen production in single-chamber microbial electrolysis cells using various antibiotics’, Bioresource Technology, 187, pp. 77–83. doi: 10.1016/j.biortech.2015.03.099.
22) Chae, K. J. et al. (2014) ‘Sulfonated polyether ether ketone (SPEEK)-based composite proton exchange membrane reinforced with nanofibers for microbial electrolysis cells’, Chemical Engineering Journal, 254, pp. 393–398. doi: 10.1016/j.cej.2014.05.145.
23) Chen, Y. et al. (2017) ‘Experimental study and analytical modeling of an alkaline water electrolysis cell’, International Journal of Energy Research, 41(14), pp. 2365–2373. doi: 10.1002/er.3806.
24) Chi, J. and Yu, H. (2018) ‘Water electrolysis based on renewable energy for hydrogen production’, Chinese Journal of Catalysis, 39(3), pp. 390–394. doi: 10.1016/S1872-2067(17)62949-8.
25) Choodum, N., Sangwichien, C. and Yamsaengsung, R. (2019) ‘Optimization of a closed-loop HHO production system for vehicles and houses’, Environmental Progress and Sustainable Energy, 38(1), pp. 268–277. doi: 10.1002/ep.12909.
26) Conker, Ç. (2018) ‘A novel fuzzy logic based safe operation oriented control technique for driving HHO dry cell systems based on PWM duty cycle’, International Journal of Hydrogen Energy, (xxxx). doi: 10.1016/j.ijhydene.2018.10.243.
27) Deimede, V., Labou, D. and Neophytides, S. G. (2014) ‘Polymer electrolyte membranes based on blends of sulfonated polysulfone and PEO-grafted polyethersulfone for low temperature water electrolysis’, Journal of Applied Polymer Science, 131(4), pp. 1–8. doi: 10.1002/app.39922.
28) Deutz, S. et al. (2018) ‘Cleaner production of cleaner fuels: Wind-to-wheel-environmental assessment of CO2-based oxymethylene ether as a drop-in fuel’, Energy and Environmental Science, 11(2), pp. 331–343. doi: 10.1039/c7ee01657c.
29) Ding, C., Yang, K. L. and He, J. (2016) Biological and fermentative production of hydrogen, Handbook of Biofuels Production: Processes and Technologies: Second Edition. doi: 10.1016/B978-0-08-100455-5.00011-4.
30) Dreos, A. et al. (2016) ‘Exploring the potential of a hybrid device combining solar water heating and molecular solar thermal energy storage’, Energy and Environmental Science, 10(3), pp. 728–734. doi: 10.1039/c6ee01952h.
31) Ellison, H. (2011) ‘Hydrogen’, in Energy for a Sustainable World: From the Oil Age to a Sun-Powered Future., pp. 279–299.
32) Environmental Protection Agency, U. S. G. G. I. D. E. (2020) 10802 GHG emissions by econoic sector6-15-20.
33) Ergal, İ. et al. (2020) ‘Biohydrogen production beyond the Thauer limit by precision design of artificial microbial consortia’, Communications Biology, 3(1), pp. 1–12. doi: 10.1038/s42003-020-01159-x.
34) Ergin Şahin, M. (2020) ‘A photovoltaic powered electrolysis converter system with maximum power point tracking control’, International Journal of Hydrogen Energy, 45(16), pp. 9293–9304. doi: 10.1016/j.ijhydene.2020.01.162.
35) Feng, Q. et al. (2017) ‘A review of proton exchange membrane water electrolysis on degradation mechanisms and mitigation strategies’, Journal of Power Sources, 366, pp. 33–55. doi: 10.1016/j.jpowsour.2017.09.006.
36) Gößling, S. et al. (2018) ‘Proton exchange membrane water electrolysis modeling for system simulation and degradation analysis’, Chemie-Ingenieur-Technik, 90(10), pp. 1437–1442. doi: 10.1002/cite.201800041.
37) Grigoriev, S. V. N. F. (2017) ‘Hydrogen production by water electrolysis’, in Hydrogen Production Technologies, pp. 231–276. doi: 10.1533/9780857097736.2.159.
38) Guillet, N. and Millet, P. (2015) ‘Chapter 4: Alkaline water electrolysis’, in Hydrogen Production: by Electrolysis, pp. 117–167. doi: 10.1002/9783527676507.ch4.
39) Heintzel, A. (2017) Research into Interactions between Internal Combustion Engines and Fuels, MTZ worldwide. doi: 10.1007/s38313-017-0169-8.
40) Herron, J. A. et al. (2015) ‘A general framework for the assessment of solar fuel technologies’, Energy and Environmental Science, 8(1), pp. 126–157. doi: 10.1039/c4ee01958j.
41) Hourng, M.-Y. L. and L.-W. (2014) ‘Effects of magnetic field and pulse potential on hydrogen production via water electrolysis’, International Jourmal Of Energy Research, 38, pp. 106–116. doi: 10.1002/er.
42) Hua, T. et al. (2019) ‘Microbial electrolysis cell as an emerging versatile technology: a review on its potential application, advance and challenge’, Journal of Chemical Technology and Biotechnology, 94(6), pp. 1697–1711. doi: 10.1002/jctb.5898.
43) Iida, T., Matsushima, H. and Fukunaka, Y. (2007) ‘Water Electrolysis under a Magnetic Field’, Journal of The Electrochemical Society, 154(8), p. E112. doi: 10.1149/1.2742807.
44) Ishaq, H. and Dincer, I. (2021) ‘Comparative assessment of renewable energy-based hydrogen production methods’, Renewable and Sustainable Energy Reviews, 135(July 2020), p. 110192. doi: 10.1016/j.rser.2020.110192.
45) Islam, A. K. M. K. et al. (2021) ‘Bio-Hydrogen Production from Wastewater: A Comparative Study of Low Energy Intensive Production Processes’, Clean Technologies, 3(1), pp. 156–182. doi: 10.3390/cleantechnol3010010.
46) Ismail, T. M. et al. (2019) ‘Modelling and simulation of electrochemical analysis of hybrid spark-ignition engine using hydroxy (HHO) dry cell’, Energy Conversion and Management, 181(November 2018), pp. 1–14. doi: 10.1016/j.enconman.2018.11.067.
47) Joneydi Shariatzadeh, O. et al. (2015) ‘Modeling and optimization of a novel solar chimney cogeneration power plant combined with solid oxide electrolysis/fuel cell’, Energy Conversion and Management, 105, pp. 423–432. doi: 10.1016/j.enconman.2015.07.054.
48) Ju, H. K., Badwal, S. and Giddey, S. (2018) ‘A comprehensive review of carbon and hydrocarbon assisted water electrolysis for hydrogen production’, Applied Energy, 231(May), pp. 502–533. doi: 10.1016/j.apenergy.2018.09.125.
49) Kadier, A. et al. (2015) ‘A comprehensive review of microbial electrolysis cells (MEC) reactor designs and configurations for sustainable hydrogen gas production’, Alexandria Engineering Journal, 55(1), pp. 427–443. doi: 10.1016/j.aej.2015.10.008.
50) Karatza, D. et al. (2021) ‘Hydrogen production through water splitting at low temperature over Fe3O4 pellet: Effects of electric power, magnetic field, and temperature’, Fuel Processing Technology, 211(April 2020), p. 106606. doi: 10.1016/j.fuproc.2020.106606.
51) Karthikeyan, R. et al. (2017) ‘Bioelectrohydrogenesis and inhibition of methanogenic activity in microbial electrolysis cells - A review’, Biotechnology Advances, 35(6), pp. 758–771. doi: 10.1016/j.biotechadv.2017.07.004.
52) Kasian, O. et al. (2018) ‘The Common Intermediates of Oxygen Evolution and Dissolution Reactions during Water Electrolysis on Iridium’, Angewandte Chemie - International Edition, 57(9), pp. 2488–2491. doi: 10.1002/anie.201709652.
53) Khan, M. A. et al. (2018) Recent Progresses in Electrocatalysts for Water Electrolysis, Electrochemical Energy Reviews. Springer Singapore. doi: 10.1007/s41918-018-0014-z.
54) Kim, B. et al. (2018) ‘Development and Electrochemical Characterization of Polyether Ether Ketone Composites Including Polyoxometal Tungstosilicic Acid for Water Electrolysis’, Bulletin of the Korean Chemical Society, pp. 1332–1335. doi: 10.1002/bkcs.11591.
55) Kim, M. et al. (2017) ‘Preparation and electrochemical characterization of polyoxometal molybdophosphoric acid included polyether ether ketone composite for water electrolysis’, Bulletin of the Korean Chemical Society, 38(12), pp. 1523–1526. doi: 10.1002/bkcs.11322.
56) Koza, J. A. et al. (2011) ‘Hydrogen evolution under the influence of a magnetic field’, Electrochimica Acta, 56(6), pp. 2665–2675. doi: 10.1016/j.electacta.2010.12.031.
57) Kumar, A., Prakash, O. and Dube, A. (2017) ‘A review on progress of concentrated solar power in India’, Renewable and Sustainable Energy Reviews, 79(February 2016), pp. 304–307. doi: 10.1016/j.rser.2017.05.086.
58) Kumar Sharma, P. et al. (2020) ‘Energy, exergy, and emission analysis of a hydroxyl fueled compression ignition engine under dual fuel mode’, Fuel, 265(December 2019), p. 116923. doi: 10.1016/j.fuel.2019.116923.
59) Li, X. et al. (2015) ‘Significance of Surface Trivalent Manganese in the Electrocatalytic Activity of Water Oxidation in Undoped and Doped MnO2 Nanowires’, ChemCatChem, 7(12), pp. 1848–1856. doi: 10.1002/cctc.201500143.
60) Lin, M. and Haussener, S. (2017) ‘Techno-economic modeling and optimization of solar-driven high-temperature electrolysis systems’, Solar Energy, 155, pp. 1389–1402. doi: 10.1016/j.solener.2017.07.077.
61) Luo, W. et al. (2011) ‘Solar hydrogen generation from seawater with a modified BiVO 4 photoanode’, Energy and Environmental Science, 4(10), pp. 4046–4051. doi: 10.1039/c1ee01812d.
62) Luqman, M., Bicer, Y. and Al-Ansari, T. (2019) ‘Thermodynamic analysis of an oxy-hydrogen combustor supported solar and wind energy-based sustainable polygeneration system for remote locations’, International Journal of Hydrogen Energy, pp. 01–14. doi: 10.1016/j.ijhydene.2018.12.191.
63) Mamat, R. et al. (2017) ‘Alcohol and ether as alternative fuels in spark ignition engine: A review’, Renewable and Sustainable Energy Reviews, 82(May), pp. 2586–2605. doi: 10.1016/j.rser.2017.09.074.
64) Matsushima, H., Kiuchi, D. and Fukunaka, Y. (2009) ‘Measurement of dissolved hydrogen supersaturation during water electrolysis in a magnetic field’, Electrochimica Acta, 54(24), pp. 5858–5862. doi: 10.1016/j.electacta.2009.05.044.
65) Millet, P. (2012) ‘Water electrolysis for hydrogen generation’, in Electrochemical Technologies for Energy Storage and Conversion, pp. 383–423. doi: 10.1002/9783527639496.ch9.
66) Millet, P. (2015) ‘PEM water electrolysis’, in Hydrogen Production: By Electrolysis, pp. 63–116. doi: 10.1002/9783527676507.ch3.
67) Miura, Makoto et al. (2017) ‘Magneto-Dendrite Effect: Copper Electrodeposition under High Magnetic Field’, Scientific Reports, 7(November 2016), pp. 1–8. doi: 10.1038/srep45511.
68) Modestino, M. A., Hashemi, S. M. H. and Haussener, S. (2016) ‘Mass transport aspects of electrochemical solar-hydrogen generation’, Energy and Environmental Science, 9(5), pp. 1533–1551. doi: 10.1039/c5ee03698d.
69) Modi, A. et al. (2017) ‘A review of solar energy based heat and power generation systems’, Renewable and Sustainable Energy Reviews, 67, pp. 1047–1064. doi: 10.1016/j.rser.2016.09.075.
70) Mohankumar, S. and Senthilkumar, P. (2017) ‘Particulate matter formation and its control methodologies for diesel engine: A comprehensive review’, Renewable and Sustainable Energy Reviews, 80(June 2016), pp. 1227–1238. doi: 10.1016/j.rser.2017.05.133.
71) Mtangi, W. et al. (2017) ‘Control of Electrons’ Spin Eliminates Hydrogen Peroxide Formation during Water Splitting’, Journal of the American Chemical Society, 139(7), pp. 2794–2798. doi: 10.1021/jacs.6b12971.
72) Nicodemus, J. H. (2018) ‘Technological learning and the future of solar H2: A component learning comparison of solar thermochemical cycles and electrolysis with solar PV’, Energy Policy, 120(November 2017), pp. 100–109. doi: 10.1016/j.enpol.2018.04.072.
73) Notter, D. A. et al. (2015) ‘Life cycle assessment of PEM FC applications: Electric mobility and μ-CHP’, Energy and Environmental Science, 8(7), pp. 1969–1985. doi: 10.1039/c5ee01082a.
74) Olivier, P., Bourasseau, C. and Bouamama, P. B. (2017) ‘Low-temperature electrolysis system modelling: A review’, Renewable and Sustainable Energy Reviews, 78(January 2016), pp. 280–300. doi: 10.1016/j.rser.2017.03.099.
75) Ozlu Sinan, D. I. (2016) ‘Analysis and evaluation of a new solar energy-based multigeneration system’, International Journal of Energy Research, 33(4), pp. 23–40. doi: 10.1002/er.
76) Pellow, M. A. et al. (2015) ‘Hydrogen or batteries for grid storage? A net energy analysis’, Energy and Environmental Science, 8(7), pp. 1938–1952. doi: 10.1039/c4ee04041d.
77) Polverino, P. et al. (2019) ‘Study of the energetic needs for the on-board production of oxy-hydrogen as fuel additive in internal combustion engines’, Energy Conversion and Management, 179(September 2018), pp. 114–131. doi: 10.1016/j.enconman.2018.09.082.
78) Preethi et al. (2019) ‘Biohydrogen production from industrial wastewater: An overview’, Bioresource Technology Reports, 7(April), p. 100287. doi: 10.1016/j.biteb.2019.100287.
79) Rajesh Kumar, B. and Saravanan, S. (2016) ‘Use of higher alcohol biofuels in diesel engines: A review’, Renewable and Sustainable Energy Reviews, 60, pp. 84–115. doi: 10.1016/j.rser.2016.01.085.
80) Rimkus, A. et al. (2012) ‘Betterment of ecological parameters of a diesel engine using Brown‘s gas’, Journal of Environmental Engineering and Landscape Management, 21(2), pp. 133–140. doi: 10.3846/16486897.2012.679661.
81) Salek, F., Zamen, M. and Hosseini, S. V. (2020) ‘Experimental study, energy assessment and improvement of hydroxy generator coupled with a gasoline engine’, Energy Reports, 6, pp. 146–156. doi: 10.1016/j.egyr.2019.12.009.
82) dos Santos, K. G. et al. (2017) ‘Hydrogen production in the electrolysis of water in Brazil, a review’, Renewable and Sustainable Energy Reviews, 68(September 2016), pp. 563–571. doi: 10.1016/j.rser.2016.09.128.
83) Scott, K. (2017) ‘Fossil fuel based hydrogen production’, Sustainable and Green Electrochemical Science and Technology, 01, pp. 159–202.
84) Shafiei Kaleibari, S., Yanping, Z. and Abanades, S. (2019) ‘Solar-driven high temperature hydrogen production via integrated spectrally split concentrated photovoltaics (SSCPV) and solar power tower’, International Journal of Hydrogen Energy, 44(5), pp. 2519–2532. doi: 10.1016/j.ijhydene.2018.12.039.
85) Shaner, M. R. et al. (2016) ‘A comparative technoeconomic analysis of renewable hydrogen production using solar energy’, Energy and Environmental Science, 9(7), pp. 2354–2371. doi: 10.1039/c5ee02573g.
86) Shrikant Bhardwaj et al., S. B. et al. . and Shrikant Bhardwaj et al., Shrikant Bhardwaj et al. (2020) ‘Modelling and Simulation of Gasoline Engine at Different Load Conditions using Oxyhydrogen Blend’, International Journal of Mechanical and Production Engineering Research and Development, 10(3), pp. 9811–9824. doi: 10.24247/ijmperdjun2020937.
87) Sivanantham, A. et al. (2018) ‘A Stable Graphitic, Nanocarbon-Encapsulated, Cobalt-Rich Core–Shell Electrocatalyst as an Oxygen Electrode in a Water Electrolyzer’, Advanced Energy Materials, 8(14), pp. 1–13. doi: 10.1002/aenm.201702838.
88) Subramanian, B. and Ismail, S. (2018) ‘Production and use of HHO gas in IC engines’, International Journal of Hydrogen Energy, 43(14), pp. 7140–7154. doi: 10.1016/j.ijhydene.2018.02.120.
89) Tamilselvan, P., Nallusamy, N. and Rajkumar, S. (2017) ‘A comprehensive review on performance, combustion and emission characteristics of biodiesel fuelled diesel engines’, Renewable and Sustainable Energy Reviews, 79(November 2016), pp. 1134–1159. doi: 10.1016/j.rser.2017.05.176.
90) Tran, N. H. and Kannangara, G. S. K. (2013) ‘Conversion of glycerol to hydrogen rich gas’, The Royal Society of Chemistry, 42(24), pp. 9454–9479. doi: 10.1039/c3cs60227c.
91) Uekert, T. et al. (2018) ‘Plastic waste as a feedstock for solar-driven H2 generation’, Energy and Environmental Science, 11(10), pp. 2853–2857. doi: 10.1039/c8ee01408f.
92) Vincent, I. and Bessarabov, D. (2018) ‘Low cost hydrogen production by anion exchange membrane electrolysis: A review’, Renewable and Sustainable Energy Reviews, 81(May), pp. 1690–1704. doi: 10.1016/j.rser.2017.05.258.
93) Vineesh, T. V. et al. (2017) ‘Non-Precious Metal/Metal Oxides and Nitrogen-Doped Reduced Graphene Oxide based Alkaline Water-Electrolysis Cell’, ChemCatChem, 9(22), pp. 4295–4300. doi: 10.1002/cctc.201701018.
94) Weier, T. et al. (2005) ‘Lorentz force influence on momentum and mass transfer in natural convection copper electrolysis’, Chemical Engineering Science, 60(1), pp. 293–298. doi: 10.1016/j.ces.2004.07.060.
95) Wu, Y. et al. (2017) ‘Experimental Investigation of Producing Brown’s Gas using a Metal-Plate Electrolyzer for Diesel Vehicle Applications’, Energy Technology, 5(2), pp. 244–252. doi: 10.1002/ente.201600222.
96) Xiang, L. J. et al. (2020) ‘Microbial electrolysis cells for hydrogen production’, Chinese Journal of Chemical Physics, 33(3), pp. 263–284. doi: 10.1063/1674-0068/cjcp2005075.
97) Xiang, Z. et al. (2015) ‘Solvent induced fabrication of solid polymer electrolyte water electrolyzer: A study in sulfonated poly(ether ether ketone) based membrane electrode assembly’, Fuel Cells, 15(1), pp. 246–250. doi: 10.1002/fuce.201400019.
98) Xu, W. et al. (2016) ‘High-performance water electrolysis system with double nanostructured superaerophobic electrodes’, Small, 12(18), pp. 2492–2498. doi: 10.1002/smll.201600189.
99) Xu, Z. et al. (2020) ‘Photosynthetic hydrogen production by droplet-based microbial micro-reactors under aerobic conditions’, Nature Communications, 11(1), pp. 1–10. doi: 10.1038/s41467-020-19823-5.
100) Yan, X. et al. (2016) ‘FeNi3/NiFeOx Nanohybrids as Highly Efficient Bifunctional Electrocatalysts for Overall Water Splitting’, Advanced Materials Interfaces, 3(22), pp. 01–08. doi: 10.1002/admi.201600368.
101) Yang, P. et al. (2017) ‘Solar-driven simultaneous steam production and electricity generation from salinity’, Energy and Environmental Science, 10(9), pp. 1923–1927. doi: 10.1039/c7ee01804e.
102) Yang, R. et al. (2018) ‘ TiO 2 /TiN core/shell nanobelts for efficient solar hydrogen generation ’, Chemical Communications, 54(47), pp. 6056–6059. doi: 10.1039/c8cc02651c.
103) Yang, X. et al. (2008) ‘The start-up of natural convection during copper electrolysis in the presence of an opposing Lorentz force’, Electrochimica Acta, 54(2), pp. 352–359. doi: 10.1016/j.electacta.2008.07.074.
104) Ye, F. (2011) ‘Pt-IrO2 nanorod array electrode for oxygen evolution in PEM water electrolysis cell’, Asia-Pacific Journal of Chemical Engineering, 8, pp. 01–07. doi: 10.1002/apj.
105) Ye, W. et al. (2017) ‘Plasmonic nanostructures in solar energy conversion’, Journal of Materials Chemistry C, 5(5), pp. 1008–1021. doi: 10.1039/c6tc04847a.
106) Yu, J. et al. (2018) ‘Bifunctionality from Synergy: CoP Nanoparticles Embedded in Amorphous CoOx Nanoplates with Heterostructures for Highly Efficient Water Electrolysis’, Advanced Science, 5(9), p. 1800514. doi: 10.1002/advs.201800514.
107) Yuan, Y. J. et al. (2017) ‘Metal-complex chromophores for solar hydrogen generation’, Chemical Society Reviews, 46(3), pp. 603–631. doi: 10.1039/c6cs00436a.
108) Zamfirescu.C, N. . G. . and D. . . (2012) ‘Water splitting with a dual photo-electrochemical cell and hybrid catalysis for enhanced solar energy utilization’, International journal of energy research, 31(August 2007), pp. 135–147. doi: 10.1002/er.
109) Zhang and Zeng Kai (2016) Hydrogen Science and Engineering: Materials, Processes, Systems and Technology, Hydrogen Science and Engineering: Materials, Processes, Systems and Technology. doi: 10.1002/9783527674268.
110) Zhang, D. and Zeng, K. (2015) ‘Distributed energy systems based on water electrolysis driven by renewable electricity’, in Handbook of Clean Energy Systems, pp. 1–12. doi: 10.1002/9781118991978.hces008.
111) Zhang, J. et al. (2016) ‘Improved bio-hydrogen production from glucose by adding a specific methane inhibitor to microbial electrolysis cells with a double anode arrangement’, Journal of Bioscience and Bioengineering, 122, pp. 1–6. doi: 10.1016/j.jbiosc.2016.03.016.
112) Zhang, T. et al. (2018) ‘Nanometric Ni5P4 Clusters Nested on NiCo2O4 for Efficient Hydrogen Production via Alkaline Water Electrolysis’, Advanced Energy Materials, 8(29), pp. 2–7. doi: 10.1002/aenm.201801690.
113) Zhang, Y. and Angelidaki, I. (2014) ‘Microbial electrolysis cells turning to be versatile technology: Recent advances and future challenges’, Water Research, 56, pp. 11–25. doi: 10.1016/j.watres.2014.02.031.
114) Zheng, X. and Zhang, L. (2016) ‘Photonic nanostructures for solar energy conversion’, Energy and Environmental Science, 9(8), pp. 2511–2532. doi: 10.1039/c6ee01182a.
115) Zhou, M. et al. (2011) ‘An overview of electrode materials in microbial fuel cells’, Journal of Power Sources, 196(10), pp. 4427–4435. doi: 10.1016/j.jpowsour.2011.01.012.
116) Zhou, M. et al. (2013) ‘Recent advances in microbial fuel cells (MFCs) and microbial electrolysis cells (MECs) for wastewater treatment, bioenergy and bioproducts’, Journal of Chemical Technology and Biotechnology, 88(4), pp. 508–518. doi: 10.1002/jctb.4004.
117) Zhu, X. et al. (2015) ‘Alamethicin suppresses methanogenesis and promotes acetogenesis in bioelectrochemical systems’, Applied and Environmental Microbiology, 81(11), pp. 3863–3868. doi: 10.1128/AEM.00594-15.
118) Zhu, Y. P. et al. (2015) ‘Self-supported cobalt phosphide mesoporous nanorod arrays: A flexible and bifunctional electrode for highly active electrocatalytic water reduction and oxidation’, Advanced Functional Materials, 25(47), pp. 7337–7347. doi: 10.1002/adfm.201503666.

image4.png
Direct Current

2 [

Electron

©
Electrolyti

Memlﬂ]

Cathode

Wate/r H,0




image5.png




image2.png
3 1) Generation of HHO'H, gas through Conventional
wentional—  Method of Electrolysis Using Chemical and Salts like:
(NaOH, KOH & NaHCO;)

1) Generation of HHO/H, gas using Membrane Exchange
Method like PEM/AEM.

2) Generation of HHOH, gas Using Non- Conventional
Catalysts' Advanced Material for cell formation/
Sulfonated Poly ether ether ketone /CL-SPEEK/Cs-

. MoPA/CeO, Graphene ete.

Non- - 3) Generation of HHO'H, gas using Renewable Energy M

e

nventional (Solar/Wind),

4) Generation of HHO/H, gas using Microbial Electrolysis
Cells (MECs) a Technology for Biological and Glycerol
Hydrogen Production. 0

5) Generation of HHO/H, Gas using Magnetic Field and @y |‘" -,
‘Pulse Potential. Qg *

6) Generation of HHOH, gas gencration Using % Ia.“l '
Bifunctionality and Flexible Working Electrode/ Cobalt- [
Tungsten-Boron as an Active Electro catalyst et Bec

g

Techniques for HHO/ H; gas Generation




image3.png
HHO/H2





