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Abstract:- The growing demand of hydrogen needs renewable 

sources of raw materials to produce it. Glycerol, by-product of 

biodiesel synthesis, could be a bio-renewable substrate to obtain 

hydrogen. Momentous amount of glycerol is produced as a by-

product during bio-diesel production by the transesterification of 

vegetable oils, which are available at low cost in large supply 

from renewable raw materials. As hydrogen is a clean energy 

carrier, conversion of glycerol to hydrogen is one among the 

most attractive ways to make use of glycerol. Production of 

hydrogen from glycerol is environmentally friendly because it 

adds value to glycerol generated from biodiesel plants. In this 

study, the catalytic production of hydrogen by steam reforming 

of glycerol has been experimentally performed in a fixed-bed 

reactor. The performance of this process was evaluated over 

5wt%, 10wt%, and 15wt% Ni/Al2O3. The catalysts were 

prepared by the wet impregnation technique. For a comparative 

purpose, the steam reforming experiments were conducted under 

same operating conditions, i.e., reaction temperature ranging 

from 700°C to 900°C, atmospheric pressure and 1:9 glycerol to 

water molar ratio. Also the effect of glycerol to water ratio, metal 

loading, and the feed flow rate (space velocity) was analysed. The 

results showed that the hydrogen production increased with the 

increase in the treatment temperature. The highest amount of 

hydrogen produced was attained over 15wt% Ni/Al2O3 at 850 °C 

at 1:9 glycerol to water molar ratio. The catalyst 

Co/Al2O3,Cu/Al2O3
 were prepared by wet impregnation 

technique and need to do activity test and compare the results 

with Ni/Al2O3. 
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I. INTRODUCTION 

here is an increasing energy demand, because of 

limitation of fossil oil reserves and pollution. In search of 

alternative energies, many scientists, due to low price, less 

pollution, pay more attention on the renewable energy sources 

[1, 2]. Fuel cell technology is an attractive alternative lately, 

for transportation and producing electricity. The growth in 

fuel cell technology has improved the demand for hydrogen 

(H2), which is the simplest and most abundant element [3]. 

Hydrogen production process and technology, has been 

improving and chancing. However, hydrogen is mostly 

produced from natural gas and oil fractions, which are still 

abundant and economically feasible. Nevertheless, hydrogen 

production by these methods, produce high amount of carbon 

monoxide [1]. Glycerol, which is the by-product of biodiesel 

production, is non-toxic, non-volatile and has high energy 

density. Theoretically, after the transesterification process, 10 

kg biodiesel and as by-product, 1 kg glycerol can be produced 

[4]. Increasing energy demand will cause the need for clean 

energy technologies, like biodiesel, and this will effect 

glycerol production. Using glycerol for hydrogen production, 

more effective and clean energy can be produced.  

The overall reaction of glycerol steam reforming reaction is 

showed in equation below:  

C3H8O3 + 3H2O → 3CO2 + 7H2 (1) Steam reforming of 

glycerol includes a lot of complex reaction series. For that 

reason, operation conditions like temperature, pressure, feed 

ratio and catalysts effect are very important to produce 

desirable product [1]. In researches for glycerol steam 

reforming, various catalysts are investigated and especially, 

noble-metal based catalysts and nickel based catalysts’ 

activities are studied [4]. Noble-metal catalysts activities are 

well known, on the other hand, more researches are focused 

on nickel based catalysts which have a relatively low cost and 

high selectivity. In this study, we have investigated the 

performance of Ni based catalysts on Al2O3 with different 

metal loading metal loading (5, 10, and 15%) and catalyst 

preparation method parameters have been investigated. 

Catalyst performance was analysed at four different 

temperatures between 700, 800, 850, and 9000C. The 

conversion of glycerol and the selectivity of hydrogen in the 

steam reforming conditions were investigated. 

               
                 

                             
 
 

  
     

Where RR is H2/CO2 reforming ratio is 7/3 in the case of 

glycerin steam reforming   process 

                   

 
                    

                             
     

               Where species i = CO, CO2, and CH4. 
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Fig.1. Schematic of glycerin steam reforming setup 

II. RESULTS AND DISCUSSION 

2.1 Effect of Temperatures on Conversion  

The effect of temperature on glycerol conversion and 

hydrogen yield was studied using 5, 10 and 15 wt% Ni/Al2O3 

for water to glycerol ratio 9:1 at a feed rate of 1ml/min. The 

temperature was varied from 700-900 °C. The glycerol 

conversion increased from 46.19% to 68% as the temperature 

was increased from up to 900°C. Thermodynamic data clearly 

shows that the product gas yield increases with temperature.  

 

Fig 2    shows the effect of temperature on hydrogen yield. 

2.2 Effect of metal loading  

Catalysts with three different metal loadings (5, 10, and 15 wt 

%) were prepared for Ni/Al2O3 to see the effect of the metal 

percentage on selectivity of H2 and other gases, and glycerin 

conversion. With the increase in metal loading the glycerine 

conversion increased. At 5 wt%, the glycerine conversion was 

46.19% and increased to 68% with the metal loading of 15 

wt%. Although glycerin conversion increased with the metal 

loading, H2 selectivity as well as the selectivity of CO, CH4, 

and CO2 was found to be almost stable at different metal 

loadings investigated under this study. 

 

Fig.3 shows the effect of the metal loading in terms of glycerin conversion 

2.3 Effect of water to glycerin ratio 

With increase in WGRs, the glycerin conversion increased 

monotonously in case of Ni/Al2O3. Although glycerin 

conversion increased with increase in WGR from 6:1 to 

9:1.Glycerin conversion was almost 68% at WGR 9:1 with 

Ni/ Al2O3. With the increase in WGR, the H2 selectivity 

increased. H2 selectivity of about 71.5% (5 moles of H2) was 

obtained with Ni/Al2O3. At the same time, with the increase in 

WGR from 6:1 to 9:1, the production of CH4 was completely 

inhibited in the case of Ni/Al2O3 at 900˚C and FFR 1ml/min. 

Similarly, with the increase in WGR, the selectivity towards 

H2 and CO2 were increased. The increase in H2 and CO2 

selectivity could be attributed to the water gas shift reaction. 

III. CONCLUSION 

The study on glycerin steam reforming for hydrogen 

production over 5%, 10%, 15% Ni/ Al2O3 supported catalysts 

was performed. Under the reaction conditions investigated, 

15% Ni/Al2O3 were found to be the best performing catalysts 

in terms of H2 selectivity and glycerin conversion. Effects of 

the glycerin to water molar ratio, feed flow rate, and metal 

loading were also Investigated. It was found that with the 

increase in the WGR, H2 selectivity and glycerin conversion 

increased. About 72% of H2 selectivity was obtained with 

15% Ni/Al2O3, WGR 9:1 at 850
0
C and feed flow rate 

1ml/min. 
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