
 

Hydrogen Production from Biomass: Utilization, Issues 

and Challenges 
 

A. Dutta and P. C. Roy
* 

Department of Mechanical Engineering, Jadavpur University, Kolkata, India 

*prokash.roy@gmail.com  

 
Abstract— Biomass is considered as a renewable source of energy as it is CO2 neutral within its entire life cycle. Biomass gasification, 

pyrolysis etc. are well known technologies for the production of hydrogen from biomass. In this paper technological aspect of 

different hydrogen generation processes from biomass and utilization of hydrogen as energy carrier has been discussed. The 

hydrogen rich gas production depends on moisture in biomass, composition of biomass, operating parameters and geometry of the 

biomass gasifier and its type. There are some issues and challenges for production of hydrogen from biomass and its utilization have 

been discussed.  
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I. INTRODUCTION 

Energy is the crucial input in the process socioeconomic development of daily lives. Most of our energy comes from burning 

fossil fuels like petroleum, coal, and natural gas. Burning of fossil fuels is a major source of greenhouse gas emissions 

responsible for global warming. The World is now under pressure not only due to the shortage of reserved fossil fuels but also 

for environmental pollution, ecological imbalance, global warming and its effects is coming in the form of number of natural 

disasters such as Tsunami, cyclone, floods, draught etc. during the last decade. Depletion in the fossil fuel reserve and resulting 

increase in petroleum prices has also called for a search of alternative energy resources or non-conventional energy sources to 

drive the nation towards sustainable development. Biomass is considered one of the renewable energy resources that are getting 

more importance similar like other sources such as solar and wind. Biomass is the fourth largest source of energy in the world, 

accounting for about 15% of the world‘s primary energy consumption and about 38% of the primary energy consumption in the 

developing countries [1,2]. Hydrogen has also been recognized one of the most prominent energy carrier which can be derived 

from biomasses in different form. In the present paper, production of biomass from biomass, and its proper utilization will be 

discussed. Technological challenges and issues will also be discussed. 

 

II. HYDROGEN FROM BIOMASS 

Hydrogen comprises numerous advantages over other conventional energy carriers. Hydrogen combustion provides energy 

on basis of lower heating value, which is 2.4, 2.8 and 4 times more than that of methane, gasoline and coal respectively [3]. In 

general hydrogen could be produced from biomass through biochemical and thermo chemical conversion technologies [4-6]. 

Production of hydrogen from biomass can be done by the following processes: 

A. Gasification  

Biomass gasification produces a mixture of gases consisting of H2, CO, CO2, CH4  and solids (char) and liquids (aromatic 

hydrocarbons) known as ‗tars‘. The relative proportion of each constituent depends on the operating conditions such as 

temperature, pressure, type of gasifying medium, biomass type; biomass feed rate, heating rate, flow rate of gasifying medium, 

physical characteristics of biomass such as particle size, shape, surface area to volume ratio as well as the gasifier design. 

Different types of biomass gasifier have been developed. They can be classified into four major categories such as fixed-bed 

updraft gassifier, fixed-bed downdraft gassifier, bubbling fluidized-bed gassifier and circulating fluidized bed gassifier [7]. The 

classification is mainly based on the means of supporting the biomass in the gassifier, the direction of flow of both the biomass 

and oxidant, and the way heat is supplied to the gassifier. Thermo chemical gasification along with water gas shift is the most 

widely used method for biomass to hydrogen. Some researchers studied on hydrogen production by gasification of municipal 

solid waste [4,8]. Most of the cases focus on pre-treatment of municipal solid waste to prepare slurry of suitable viscosity and 

heating value for efficient hydrogen-production. Catalyst plays an important role to produce hydrogen rich gas in different type 
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of gasification process. [9-11]. Franco et al. also [12] studied the influence of different reaction on steam gasification process. 

The of feedstock type on steam gasification of lignocellulosic residues in a fluidized bed has been studied by Herguido et el. [13] 

B. Pyrolysis 

Pyrolysis produces a liquid product called bio-oil, which is the basis of several processes for the development of fuel 

chemicals and materials in the absence of oxygen. In the first step, pyrolysis heat is used to dissociate complex molecules into 

simple units and then reactive vapours which are generated during the first step is converted to hydrogen. Caglar and Demirbas 

[14] have used pyrolysis of tea waste to produce hydrogen,  

C. Solar Gasification 

Hydrogen can be produced by solar gasification. A feasibility of solar gasification using solar process heat for the 

gasification of organic solid wastes for hydrogen has been carried out by Antal et al. [15]. Shahbazov and Usupov [16] have 

shown good yield of hydrogen from agricultural wastes using a parabolic mirror reflector. 

D. Through Syngas 

The processes for upgrading synthesis gas (mainly CO and H2) to pure hydrogen have shown interest especially in the fuel 

cell technology. Friedrich et al. [17] worked on the purification of hydrogen containing reduction gas from a biomass gasifier 

using wood and wood waste. Many researchers have investigated the aqueous conversion of whole biomass to hydrogen under 

low temperature in supercritical conditions. Modell [18] studied the effect of temperature and concentration on the gasification 

of glucose and maple sawdust in water, in the vicinity of its critical state (374°C, 22 MPa).  

E. Microbial Conversion of Biomass 

Highly concentrated organic waste water can be converted into hydrogen through microbial conversion. A new and unique 

process when substrates such as carbohydrates are fermented by a consortium of bacteria and produced hydrogen and carbon 

dioxide. Municipal solid wastes and digested sewage sludge have the potential to produce large amount of hydrogen by 

suppressing the production of methane. Chong et al. [19] studied the dark fermentative biohydrogen production from biomass 

such as food and starch-based wastes, cellulosic materials, dairy wastes, palm oil mill effluent and glycerol.  They discussed 

about the microorganisms, factors affecting biohydrogen production such as undissociated acid, hydrogen partial pressure and 

metal ions. 

 

III. UTILIZATION OF HYDROGEN 

Hydrogen is mainly used in large chemical plants and refineries. However hydrogen can be efficiently used in energy sector. 

With proper adjustments all types of industrial natural gas burners can be used with hydrogen. Hydrogen could be used in place 

natural gas for steam generation. In order to maximize its energy efficiency, hydrogen is better used with fuel cells that produce 

simultaneously heat and electricity (cogeneration) and can achieve a high electric efficiency. Polymer Electrolyte Membrane 

Fuel Cell technology is suitable choice for transport applications. Stationary fuel cells can be used for electricity generation in 

remote areas. The fuel cells can also be used in cogeneration plant where heat released during electricity generation is used for 

other applications. Ishida et al. [20] propose an innovative method for the synthesis of H2 without CO or CO2 for fuel cells by 

the reactions of biomass, metal hydroxides with addition of water vapour at low temperatures (473–623 K) under atmospheric 

pressure. The researchers found that CO2 gasification gave better fuel cell efficiency as compared to steam gasification. 

Hydrogen fuel cell cars are more compared to a conventional car with a gasoline internal combustion engine. The main 

advantages of fuel cells are it can operate without noise, it has all stationary parts and this can be used in various applications.  

 

IV. CONTEMPORARY ISSUES AND CHALLENGES 

 

Generally gasifier generates a complex mixture of gases including CO, CO2, CH4, and small amounts of longer chain 

hydrocarbons. A key problem with hydrogen generation from biomass gasification is how to separate and purify the H2 from the 

other gases in the product gas [21]. Main challenging areas are conversion efficiency, type of biomass (ash and moisture 

content), and purification of hydrogen. Conversion efficiency of hydrogen from biomass could be 35-50% with co-products of 

CO, CO2 and CH4. To recover pure hydrogen from a mixed gas stream gas separation membranes or catalysts need to be 

improved, which in result increase in conversion efficiency and decrease in cost of hydrogen production. Gas purity 

requirements are important for the specific application. Fuel cells are very sensitive to CO and sulphur poisoning. Combustion 

systems are much less sensitive to impurity levels. Humidity is a critical issue when compressing hydrogen, as significant levels 

of water vapor can lead to tank lining corrosion. Hydrogen production from biomass is a proven technology. But production of 

hydrogen from bio-resources is not always techno-economically viable option. Availability of biomasses throughout the year is 
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also dependent on supply of locally available biomass which will vary with seasonally. Biomass waste such as municipal solid 

waste may be an alternative option but compositions of its constituents vary frequently. Also there is no regulatory market over 

biomass, financial institutions are not often interested to invest biomass based projects.       
 

V. CONCLUSIONS  

Hydrogen from biomass can be used as a valuable high-quality, non-polluting and safety fuel. Hydrogen can be efficiently 

applied to fuel cells and internal combustion engines. Many companies worldwide have invested in hydrogen energy and now 

offer a wide variety of products that use hydrogen energy. But none of these products has reached the scale of mass production. 

There are some challenging areas for hydrogen production from biomass namely conversion efficiency, purification of 

hydrogen from other product gas, storage and safely transportation of hydrogen. These challenging areas needs to be further 

developed for commercial use of hydrogen from biomass especially in developing countries like India where biomasses are 

abundantly available. Therefore, understanding the technological development of hydrogen production form biomass and 

predicting its future trends will prove useful when it will be techno-economically viable.  
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