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ABSTRACT 

 

In this paper, an attempt is made to use hydrogen as a fuel for spark ignition engine by producing 

hydrogen through enhanced renewable electrolysis method. Hydrogen is an alternative fuel that can be 

used as onboard fuel for motive power. By using the principle of electrolysis the water molecules is 

split into its two atoms, hydrogen and oxygen, in gas form. For this electrolysis splitting process the 

power source is generated from renewable resource by photovoltaic solar energy. There should be  

certain engine modifications which is required to intake hydrogen gas as fuel in gasoline engines. After 

modifying the gasoline SI engine, the gas generated will be introduced into the combustion chamber of 

an engine for the combustion process. The aim of the study is to investigate the effects of efficiency of 

water electrolysis by considering factors such as the electrolyte type, electrodes spacing, electrodes 

surface morphology, electrodes effective area and electrodes connection configuration. The results and 

discussions are made on performance and emission behavior on hydrogen fueled S.I engine. This 

project is to develop an affordable system that can be incorporated into any single cylinder SI engines. 
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INTRODUCTION 

Hydrogen is a chemical element with the symbol H and atomic number 1 with just one proton and 

one electron, it is the most common element, making up 75% of the mass of the entire universe. 

When combined with oxygen, it forms water - H2O. Hydrogen gas is colorless, odorless, tasteless 
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and non-toxic. Hydrogen can be utilized as the medium for storing and distributing energy. 

Hydrogen diffuses around four times faster than natural gas and around ten times faster than 

gasoline vapors. 

 

LITERATURE REVIEW 

F.Moreno et al in their paper titled “Gasoline hydrogen operated S.I engine and its performance 

analysis” found that by using hydrogen gas as fuel during combustion the back fire problem may 

occur. The back fire problem is avoided by the elimination of carburettor. Hydrogen engine requires 

lower specific fuel consumption value. With low specific fuel consumptions, high burning velocity 

may be obtained. 

            Niculae Negurescu et al in their paper titled “Performance comparison between hydrogen and 

gasoline fuelled spark ignition engine” from that we came to know that hydrogen fuelled engine power 

is greater with almost 30% comparative to gasoline engine due to cycle heat release increasing. 

Hydrogen fuelled engine does not produce a lots of polluting substances as, CO, HC, particles and lead 

compounds and CO2 emission like petrol engine. Only polluting produced by hydrogen fuelled engine 

is substances are nitrogen oxides because of a higher burning temperature inside the cylinder. 

            Munther Issa Kandah et al in their paper titled “Enhancement of water electrolysis” found 

that the plate electrodes are more suitable than the cylindrical ones and the connection in parallel is 

better than that in series. Using neutral electrodes between the anodes and cathodes (2 neutral plates 

between each electrode) reduces the electric current without affecting the flow rate production 

significantly due to the increase in the effective area. Factors affecting efficiency of water electrolysis 

such as the electrolyte type, electrodes spacing, and electrodes surface morphology (smooth or rough). 

            J.Akash Nirmal Kumar et al in their paper titled “Design and fabrication of hydrogen 

powered I.C engine” concluded that due to the small quenching distance and high auto ignition 

temperature, hydrogen is suggested in internal combustion engine as an alternate fuel instead of 

gasoline. If hydrogen is blended with other fuels, it usually has to be stored separately and mixed in the 

gaseous state immediately before ignition 

                       Aaditya et al in their paper titled “Hydrogen powered petrol engine” discovered that 

by mixing hydrogen with gasoline it will reduce the fuel consumption up to 30% to 60%. It is 

advantageous to use Brown„s gas enriched air as a fuel in internal combustion engines. Significant 

impact on brake thermal efficiency and brake power is observed upon the addition of Brown„s gas 
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enriched air. Fuel consumption and other emissions like NOx and smoke emissions are reduced to 

considerable amount. Removes carbon deposits up to 50% and prevent future carbon build up and 

reduces knocking of engine. 

  

METHODS OF PRODUCTION OF HYDROGEN 

The following are the various methods of production of hydrogen in use. Every method has its own 

advantages and limitations 

 Natural gas reformation/ gasification 

 Renewable liquid reforming 

 Fermentation 

 Electrolysis 

 

ELECTROLYSIS 

Among the above methods, electrolysis offers potential to be used as a fuel in vehicle owing to its 

simplicity and suitability. An electric current splits water into hydrogen and oxygen. If the electricity is 

produced by renewable sources, such as solar or wind, the resulting hydrogen will be considered 

renewable as well, and has numerous emissions benefits. 

 

HYDROGEN OXYGEN GENERATOR 

 

 

Figure 1. Hydrogen Oxygen Generator 

 

Hydrogen Oxygen generator is a device in which the electrochemical reaction takes place – 

electrolysis of water. It is long been known process of obtaining hydrogen and oxygen gas. The 

generator setup consists of container, electrode and water. When the power is supplied to the 
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electrode which is submerged inside the water, the chemical reaction takes place inside the 

chamber. The water bonds gets breakdown that the hydrogen atom and oxygen atom gets separated. 

The gas generated from the hydroxy generator is then used as the fuel for the engine. 

 

PARTS OF HYDROGEN OXYGEN GENERATOR 

Housing 

The generator housing holds the electrolyte and the electrode. Inside the housing the reaction takes 

place and the gas produced. The generator housing can be of any shape. It could be of shapes like 

box container, tubular container, etc. in our project the housing is made of the tubular structure. 

Both the tubular container and the cover of the housing is made of the Polyvinyl Chloride (PVC). 

The generator housing should be made of leak proof for gas and it is done by silicon caulking. 

 

Electrode assembly 

Electrodes are terminals through which electric current passes between metallic and nonmetallic 

parts of an electric circuit. In most familiar circuits current is carried by metallic conductors, but in 

some circuits the current passes for some distance through a nonmetallic conductor. For example, 

in electrolysis current passes through a liquid electrolyte; in a fluorescent lamp current passes 

through a gas. An electrode is usually in the form of a rod or plate. It may be made of different 

materials like Platinum, Titanium, Nickel, Stainless Steel (304 or 316), Carbon, Iron, Aluminum, 

Copper, Brass, and Graphite. 

 

 

Figure 2. Electrode Assembly 

 

Among these materials platinum, Titanium are costly but production of hydrogen was very pure 

and next level materials was Copper, Iron, and Stainless Steel (304 or 316) these are cheap in cost, 
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easily available materials in any structure and production of hydrogen is almost 90% pure by 

electrolysis process. 

 

Based on the analysis 316 grade stainless steel is chosen as the electrode material for our 

electrolysis process. 

 

Battery 

Batteries are a collection of one or more cells whose chemical reactions create a flow of electrons 

in a circuit. All batteries are made up of three basic components: an anode (the ‗-„ side), a cathode 

(the ‗+„ side), and some kind of electrolyte (a substance that chemically reacts with the anode and 

cathode).When the anode and cathode of a battery is connected to a circuit, a chemical reaction 

takes place between the anode and the electrolyte. This reaction causes electrons to flow through 

the circuit and back into the cathode where another chemical reaction takes place. For electrolysis 

process, 12V battery is sufficient to generate the gas. 

 

Catalyst 

Catalysts in chemistry are any substance that increases the rate of a reaction without itself being 

consumed. Enzymes are naturally occurring catalysts responsible for many essential biochemical 

reactions. Most solid catalysts are metals or the oxides, sulfides, and halides of metallic elements 

and of the semi metallic elements boron, aluminum, and silicon. 

 

During the reaction between the chemical intermediates and the reactants, the catalyst is 

regenerated. Typical of these reactions are acid–base reactions, oxidation–reduction reactions, 

formation of coordination complexes, and formation of free radicals. Based on the analysis KOH is 

chosen as the catalyst to increase the hydrogen production rate in our electrolysis process. 

 

Storage tank 

Hydrogen can be stored physically as in gaseous state or liquid state. Hydrogen requires very low 

temperature to store as liquid fuel. When it is stored in very low temperature it cannot be used as 

IC engine fuel. The hydrogen can be stored in gaseous state. Hydrogen gas can be stored as in a 

tank. The hydrogen gas can also be stored by compressing the gas. As we are using storage tank in 

our project as to store hydrogen produced from the electrolysis process. For different load 
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conditions and different acceleration condition the amount of hydrogen gas requires may vary, for 

this purpose the storage tank is used. HDPE material is used as the material for the storage tank for 

gas. 

 

 

Figure 3. Storage Tank 

Solar panel 

Solar panel is a device that is used to convert that convert light into electricity. A solar panel is a 

collection of solar cells. Solar cell can be made of two types of solar cells like mono crystalline 

modules and poly crystalline module. Foldable solar panel can be used as power source for our 

electrolysis setup. 

 

Figure 4 Solar Panel 

 

Properties Monocrystalline modules Polycrystalline modules 

Material Made from single crystal of 

pure silicon 

Made from multiple small 

crystal of silicon. 

Efficiency Higher efficiency Lower efficiency 

Size Space efficient Larger space 

Cost Most expensive Less expensive 
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(aq) 

 2H + 2e H 

Performance Suffers at increased 

temperature 

Less negative effects at 

increased temperature 

Table 1. Solar panel properties 

 

Electrolysis process 

Decomposition of pure water into hydrogen and oxygen at standard temperature and pressure is not 

favorable. The reaction enthalpy is the amount of energy that has to be provided so the reaction 

products are at the same temperature as the reactions. This implies that, 100% efficient electrolyser 

would produce hydrogen and oxygen at a lower temperature than the provided water. 

 

Chemical equation: 

 2H2O(I)+O2(g) 4H+ + 4e- 

+ - 

(aq) 2(g) 

 

The switches are controlled to charge the batteries from the solar panel and to control the power 

flow from battery to electrolyser. Fuse is used to protect the battery from damage. The overall 

process of hydrogen production is shown by circuit diagram. 

 

ENGINE SPECIFICATION AND MODIFICATION 

The specification of the engine which is used in our project for the performance and emission analysis 

are given below 

Engine specification 

Displacement 99.27 cc 

Engine type 4 stroke, air cooled 

No of cylinders 1 

Max power 8.2 bhp @ 7550 rpm 

Max torque 8.05 Nm @ 5500 rpm 

Bore 54mm 

Stroke 45mm 

Table 2. Engine specifications 

 

The necessary engine modifications required to carryout to operate hydrogen as operating fuel are cold 

rated spark plug use of cold rated spark plugs to avoid spark plug electrode temperatures exceeding the 
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auto-ignition limit and causing backfire. Cold rated spark plug can be used since there are hardly any 

spark plugs deposits to burn off. The platinum coated spark plug cannot be used as it can become the 

catalyst for hydrogen oxidation. So the iridium spark plugs are used to withstand high temperatures. 

When a flammable gas mixture of hydrogen and air or oxygen mixture is present in gas line for engine 

combustion, the flame can flash back into the gas line and there is the possibility of serious accident. 

Flashback arrestor is a safety device used to prevent flash back into the cylinder. 

 

 

Figure 5. Modified Engine 

 

The temperature inside the combustion chamber will be very high for hydrogen fuel. The engine valve 

is designed to withstand the temperature of gasoline fuel combustion temperature. To use hydrogen 

fuel in gasoline SI engines the valve should be hardened to withstand high combustion temperatures. In 

IC engines the head gasket sits between the engine block and the cylinder block.  

 

The main purpose of the gasket is to seal the cylinders to ensure maximum compression and avoid 

leakage of coolant or engine oil into the cylinders. The hardened gasket material is used for hydrogen 

as fuel. The main function of the engine oil is to reduce the friction and wear on moving parts and to 

clean the engine from sludge. The engine oil acts also as the cooling medium for the piston. Due to 

high temperature inside the engine, the flash point of the oil should be high. High temperature engine 

oil has high flash point, so it is used in hydrogen engine. 

 

RESULT AND DISCUSSION 

By using different electrode configurations and different catalyst added upon in different conditions the 

flow rate is tested. The flow rate is measured using flow meter. Based on the current supplied and the 

flow rate measured the efficiency is calculated. 
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Connection Electrolyte Current(A) Flow rate(ml/min) Efficiency% 

2C2A12N Tap water 11 200 8.53 

2C2A12N 3g Na2CO3/3L 20 174 4.08 

2C2A12N 0.5g KOH/3L 20 250 5.86 

2C2A12N 2g KOH/3L 13 209 15.92 

Table 3. Electrolysis flow rate comparison by different electrolyte 

 

Connection Electrolyte Current Flow rate Efficiency 

5C5A0N 2.5g KOH/3L 20 270 13.37 

5C5A0N 5g KOH/3L 38 490 12.77 

5C5A9N 2.5g KOH/3L 20 403 19.96 

5C5A9N 5g KOH/3L 30 507 16.74 

3C3A10N 2.5g KOH/3L 11 352 57.04 

3C3A10N 5g KOH/3L 20 634 56.51 

2C2A12N 2.5g KOH/3L 23 484 60.61 

2C2A12N 5g KOH/3L 7 238 57.42 

Table 4. Electrolysis flow rate comparison by various electrode configurations 

 

Figure 6. H2 production (mL/min) vs Input voltage (V) 

 

Figure 7. H2 production (mL/min) vs Concentration of KOH (%) 

 

This is the graphical representation of hydrogen production. Based on different voltage supply the 

production rate of hydrogen varies accordingly. When the voltage gets increased the hydrogen 
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production also gets increased. This graphical shows the result of hydrogen production with and 

without the addition of catalyst KOH. This is the graphical representation of the hydrogen production 

based on different concentration of the catalyst KOH added in to the water. This graphical 

representation is analyzed in two different voltage conditions. This hydrogen production is tested under 

20V supply and 24V supply. 

Performance characteristics 

 

Break thermal efficiency 

 

Figure 8. Speed (rpm) vs Break thermal efficiency (%) 

 

This graph represents the break thermal efficiency between the gasoline and hydrogen fuel. In this 

graph the X-axis value represents the speed (in rpm) and the Y-axis value represents the break thermal 

efficiency (in %). The hydrogen fuel has the higher break thermal efficiency with respect to the speed 

(in rpm). The gasoline has the lower break thermal efficiency with respect to the speed (in rpm). 

 

Specific fuel consumption 

This graph represents the specific fuel consumption between the gasoline and hydrogen fuel. In this  

  

Figure 9. Speed (rpm) vs Specific fuel consumption (Kg/KWh) 
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graph the X-axis value represents the speed (in rpm) and the Y-axis value represents the specific fuel 

consumption (in Kg/KWh). The hydrogen fuel has the higher specific fuel consumption with respect to 

the speed. The gasoline has the lower specific fuel consumption with respect to the speed. 

 

Indicated power 

 

Figure 10. Load (rpm) vs Indicated power (KW) 

 

This graph represents the indicated power between the gasoline and hydrogen fuel. In this graph the X-

axis value represents the speed (in rpm) and the Y-axis value represents the indicated power (in KW). 

The hydrogen fuel has the higher indicated power with respect to the speed (in rpm). The gasoline has 

the with lower indicated power respect to the speed (in rpm). 

 

Emission characteristics NOx emission 

 

Figure 11. Speed (rpm) vs NOx emission (in ppm) 

 

This graph represents the NOX emission between the gasoline and hydrogen fuel. In this graph the X-

axis value represents the speed (in rpm) and the Y-axis value represents the NOX emission (in ppm). 

The hydrogen fuel has the lower NOX emission with respect to the speed (in rpm). The gasoline has 
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the higher NOX emission with respect to the speed (in rpm). 

 

HC emission 

 

Figure 12. Speed (rpm) vs HC emission (in ppm) 

 

This graph represents the HC emission between the gasoline and hydrogen fuel. In this graph the X-

axis value represents the speed (in rpm) and the Y-axis value represents the HC emission (in ppm). The 

hydrogen fuel has the higher HC emission with respect to the speed (in rpm). The gasoline has the 

lower HC emission with respect to the speed (in rpm). 

 

CO emission 

 

Figure 13. Speed (rpm) vs CO emission (in ppm) 

 

This graph represents the CO emission between the gasoline and hydrogen fuel. In this graph the X-

axis value represents the speed (in rpm) and the Y-axis value represents the CO emission (in ppm). The 

hydrogen fuel has the lower CO emission with respect to the speed (in rpm). The gasoline has the 

higher CO emission with respect to the speed (in rpm). 
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CONCLUSION 

It is concluded with following inferences. Enhancement of electrolysis has been successfully carried 

out. The production of hydrogen from electrolysis process is increased. The produced hydrogen is 

successfully used as fuel for single cylinder SI engine. The performance and emission characteristics 

are investigated in single cylinder SI engine for hydrogen as fuel. It is found that improved the engine 

performance in brake power, indicated power and knocking characteristics are observed. It reduced the 

emission characteristics of the engine by reducing the greenhouse gases and other harmful emissions 

from the engine. Thus an improved affordable hydrogen fuel setup has been developed for the 

conventional gasoline engine. 
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