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Abstract— With the growing energy demands worldwide and 

environmental threats posed by use of conventional methods 

of generating energy which involves burning of coal (thermal 

power plant), the need arises for use of other sources of 

energy like biomass. Various energy crisis and technological 

advancements have influenced the development of gasifiers 

for different fuels, configurations and applications other than 

wood and charcoal. This paper reviews the reactions taking 

in biomass gasification reactor, the different design types 

available, optimization of various parameters affecting 

efficiency along with different types of materials which could 

possibly be used as biomass. Both experimental and 

numerical methods of testing like CFD (Computational Fluid 

Dynamics) are also studied in this paper. 
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I. INTRODUCTION 

Biomass gasification has a high potential for application in 

waste processing compared to other existing techniques such 

as land-fill, incineration, etc., because it can accept a wide 

variety of inputs and multiple useful products can be 

produced. Biomass gasification is an intricate process 

involving drying the feedstock followed by pyrolysis, partial 

combustion of intermediates, and finally gasification of the 

resulting products. It is performed in the presence of a 

gasifying media which can be air, oxygen (O2), steam (H2O) 

or carbon dioxide (CO2), inside a reactor called a gasifier. The 

calorific value of the product gas is dependent on the 

gasifying agent. The product gas from air gasification gives a 

heating value of around 4–7 MJ Nm−3 whereas when 

gasifying utilizing pure O2, the heating value can be as much 

as 12–28 MJ Nm−1. Biomass gasification reduces the carbon-

to-hydrogen (C/H) mass ratio resulting in increased calorific 

content of the product on account of enhanced H2 fraction. 

The gasifying medium also plays a vital role of converting 

solid char and heavy hydrocarbons (HC) to low-molecular-

weight gases such as carbon monoxide (CO) and H2. The 

quality and properties of the product are dependent on the 

feedstock material, gasifying agent, feedstock dimensions, 

temperature and pressure inside the reactor, design of reactor 

and the presence of catalyst and sorbent. There are many 

useful products from the gasification of biomass, which 

include: syngas, heat, power, bio-fuels, fertilizer and bio-

char. Syngas can be further processed by means of the 

Fischer–Tropsch process into methanol, dimethyl ether and 

other chemical feedstocks. Generally, biomass feedstocks are 

classified into four main groups: woody biomass, herbaceous 

biomass, marine biomass and manures. The gasifier is usually 

designed to generate a given product; however, the feedstock 

material is an important parameter to specify and optimize 

where possible. 

II. LITERATURE REVIEW 

Gasification is the thermo-chemical conversion of solid fuel 

into the gas which contains mainly hydrogen, carbon 

monoxide, carbon dioxide, methane and nitrogen (H2, CO, 

CO2, H2O, CH4 and N2). The product gas from the reactor 

also contains some contaminants like char particle, ash and 

some higher hydrocarbons or tar. The original chemical 

composition of the biomass feedstock and the operating 

conditions determine the amounts of contaminants with a 

typical concentration range of 1–150 g/Nm3 for tars, 500–30 

000 ppm for NH3 and 20–200 ppm for H2S [1]. 

The history of gasification dates back to the 

seventeenth century. Since the conception of the idea, 

gasification has passed through several phases of 

development. Various energy crisis and technology have 

influenced the development of gasifiers for different fuels, 

configurations and applications other than wood and charcoal 

[2]. Thus, the economic and technological successes of a 

biomass gasification plant depend on the understanding of the 

basic principles involved, knowledge of the steps to be taken 

and the required formulae.  

According to Mc Kendry [3], most of the 

development work was carried out with common fuels such 

as coal, charcoal and wood. The key to a successful design of 

gasifier is to understand the properties and thermal behavior 

of the fuel fed into the gasifier system. It was recognized that 

fuel properties such as surface area, size, shape as well as 

moisture content, volatile matter and carbon content affect 

gasification performance. 

Anjireddy and Sastry [4] reviewed various aspects 

of the research and development in biomass gasification in 

downdraft fixed bed reactors like advances in downdraft 

gasification systems, and the effect various parameters like 

equivalence ratio, operating temperature, moisture content, 

superficial velocity, gasifying agents, residence time on the 

composition of producer gas, yield and conversion.  

Deyong et al. [5] reviewed the numerical simulation 

on biomass gasification technology at home and abroad. At 

the same time, two commercial simulation softwares (Aspen 

Plus and Fluent) applied in chemical process was mainly 

introduced, and both of them were analysed and compared. 

Finally it was put forward that a better simulation result could 

be achieved for biomass gasification if applying Aspen Plus 

combined with Fluent.  

Simonyan and Fasina [6] reviewed the current status 

of biomass resources and their bioenergy potentials and the 

possibility of utilizing biomass to generate electricity in 

Nigeria. They evaluated various biomass energy conversion 

technologies and their applications to developing countries 

such as Nigeria.  

Ganesh and Chincholhat [7] reviewed the 

development and performance evaluation of various gasifier 

cook stoves that uses Rice Hush as fuel. The result showed 
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that the Rice Husk gas stoves perform accordingly with the 

design which can satisfactorily produce a combustible gas. 

Yashwant [8] reviewed methanol production using 

producer gas in fuel cell and small scale irrigation systems for 

developing countries. Sanjay et al., [9] reviewed downdraft 

gasification while designing and developing of a downdraft 

gasifier for running an air cooled, single cylinder, 4-stroke, 

direct injection diesel engine developing a power of 5 kW, on 

dual fuel mode at a rated speed of 1500 rpm. The emission 

and performance characteristics of the engine were studied 

for various gas flow rates at different loads condition.  

Sunil and Shukla [10] reviewed recent gasification 

methods for bio-methane production and the methods applied 

for the pre-treatment of biomass for cracking down the 

complex polymer structures.  

Karthikeyan et al. [11] reviewed the critical factors 

that affect the integration of biomass gasification with syngas 

fermentation, such as carbon conversion efficiency, effect of 

trace gaseous species, H2 to CO ratio requirements, and 

microbial preference of carbon substrate.  

Rahul et al. [12] reviewed the various research 

works on mathematical models, simulation models, heat 

integration, co-firing and enhancement which are 

contributing to the development of synthesis gas as an energy 

carrying clean fuel. Different type of mathematical and 

numerical model used in CFD analysis of biomass conversion 

process (gasification and combustion) using different type of 

computer application fluent, CFX and code modeling and 

investigated their computation result with the experimental 

result. They concluded that Mathematical models are 

necessary for the optimization purposes to find optimal 

operating conditions to obtain a better process performance.  

Mohandas et al., [13] reviewed the various aspects 

of research and modification in downdraft fixed bed gasifier 

system and parameters like equivalence ratio, operating 

temperature, moisture content, superficial velocity and 

residence time. The downdraft gasifiers were safer from 

environmental point of view. Applications like production of 

methanol, using of producer gas in fuel cell and irrigation 

system on small scale offers the great potential. It is one of 

the most attractive alternatives systems of energy.  

Mohd et al., [14] reviewed biomass thermal 

gasification as well as the latest trends in gasification of 

biomass using downdraft gasification. The authors provided 

a full description of the process starting from basic 

understanding and ending by design of a gasification unit. 

Authors across the world have conducted studies and 

researches on the design of gasifiers, performed modeling and 

simulation of biomass gasification [15-30].  

Prince et al., [31] constructed and analysed the 

performance of updraft gasifier using wood chips, sugarcane 

waste, and coconut shells as fuel. The experimental analysis 

for different biomass materials clearly show that the coconut 

shell having the greater temperature for all the zones as 

compared to the other two, when the air velocity increases. 

Maximum temperature of the different zones for coconut 

shell represents the optimum amount of combustion. The 

energy released will increase the rate of drying and pyrolysis. 

Optimum amount of biomass consumption rate is not only 

due to a higher combustion rate, but also due to the enhanced 

pyrolysis and drying rate. So, the coconut shell is best suitable 

material for the above constructed updraft biomass gasifier as 

compare to the other two.  

Lucia et al., [32] investigated a suction downdraft 

gasifier coupled to engine-generator for small medium 

electrification using wood waste. The producer gas from the 

gasification method is combustible that can be employed to 

produce electricity. The diesel displacement rate gains 53.4% 

at 3 kW as a function of electrical power. The dual fuel mode 

engine efficiency reduced to 13.9% compared to diesel alone 

mode 23.1% at 3 kW, respectively. The concentration of the 

pollutions such as carbon monoxide (CO), Nitrogen Oxides 

(NOx) was cautiously operationalized. Findings show that the 

emission level of CO augmented, while the NOx reduced in 

dual fuel mode. 

Md Risat et al., [33] made available the idea of 

electricity generation from Rice Husk in the rural areas. They 

concluded that power generation from Rice Husk is a better 

to alternative to the fossil-based fuels.  

Elmer et al., [34] examined the technical 

performance of the Philrice updraft Rice Husk gasification 

system as a possible alternative source of energy for operation 

of single pass- rice milling factories. They also examined the 

current number and distribution of rice milling factories in 

central Luzan, discussed the potential benefit of introducing 

Updraft Rice Husk gasification systems to village rice milling 

factories.  Produced gas could be used to power rice mills of 

small capacity.  

Moriconia et al. [35] analysed the production of 

energy from biomasses on micro-scale from different 

perspectives: from the obtainment of producer gas from a 

gasifier to the cleaning of it removing tar in a scrubber filled 

with vegetable oils, to the use of producer gas in engine and 

Solid Oxide Fuel Cell (SOFC).  

Vaibhav [36] summarizes the research literature 

referred relative to the downdraft gasifier and found that the 

various factors which affects the down draft gasifier are throat 

diameter, throat inclination, nozzle inclination, length of 

reduction, nozzle diameter, number of nozzles, height of 

nozzle plane above the throat among others. Sreelal [37] 

designed, constructed and analysed the performance of low 

cost fixed bed biomass gasifier. The author determined the 

gasification performance parameters for different types of 

agricultural residues in order to build a compact and simple 

gasifier project that uses inexpensive feedstock that is 

available and almost free.  

Inayat et al. [38] investigated the effects of biomass 

blending ratio and biomass particle size on the syngas quality 

and performance of the cogasification process.  The results 

show that small particlesize favours gas composition. The 

highest H2 (10.91%), CO (25.60%), and CH4 (2.79%) levels 

were obtained from the 5-10 mm particle size at 80/20, 50/50, 

and 20/80 blending ratios, respectively.  

Dhanak and Patel [39] gave the basic idea about 

gasification, its mechanisms, the types of gasifiers, 

characteristics of different biomass and finally concluded that 

biomass gasification strives against direct liquefaction, coal 

combustion and biochemical conversion (fermentation).  

Shiriant et al., [40] investigated the potentials and 

Ecofriendly way to electrify India; to provide an alternative 

solution to the depleting fossil fuels and greenhouse gas 

emissions. They are of the opinion that Rice Husk for power 
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generation is a potential option to conventional energy 

source.  

Mena et al., [41] carried out the modelling and 

simulation of an innovative combine heat and power (CHP) 

system composed of an updraft gasifier, an external 

combustion chamber and Organic Rankine Cycle (ORC) 

generator for the energetic valorisation of olive leaves.  It is 

an innovative energy recovery system for high ash content 

biomass has been theoretically developed, representing a 

good opportunity to promote distributed generation systems.  

Senthil and Vevekanandan [42] conducted a 

statistical study on the effect of design and operating 

parameters such as bed temperature, pressure, equivalent 

ratio, feed rate and particle size on the performance of the 

gasification process of coconut shell as biomass in a 

continuous fixed bed updraft gasifier reactor. These 

parameters have an influence on the performance of the 

gasifier.  

Husham [43] carried out a theoretical study by using 

three reactions for the wood burning analysis or (Wood 

Gasification).Results obtained were used in solving  the 

multivariable non-linear equations by means of Newton-

Raphson method. Matlab also was used in calculating the 

degree of equilibriums heat for the reactions absolute (946oK, 

763oK, and 67oK) and the thermodynamics functions for the 

reactions (ΔG, ΔH, K) with two ΔH+ (non- impulsive) and 

one ΔH-(impulsive).  

Sonakar et al., [44] analysed the performance 

evaluation of commercially available forced-graft Purti stove 

using different biomass fuels in order to determine the 

limitations in the design of the present model. They modified 

the existing design and improved the performance.  

Alberto et al., [45] assessed the efficiency of the 

gasification section in a large-scale plant based on the 

experiences gained from the GoBiGas. Used the result 

obtained in the measurement campaign with full operation of 

the gasifier using wood pellets as a fuel.  

João et al., [46] showed that gasification could be a 

more attractive way to convert biomass in energy, compared 

to using steam boilers, which in some cases can show a low 

efficiency. Gasification could be a cost-effective alternative 

for power production in Brazilian sugar cane plants with 

some additional advantages like the bagasse usage between 

the season and off-season periods to maintain a constant 

power generation throughout the entire year, higher energy 

availability and efficiency.  

Shitab et al., [47] determined the thermal 

characterization of Coal – Biomass. They studied and 

analysed the various blending ratios of three solid fuels by 

using the ultimate analysis technique. The results of 

emissions show that the Coal and BTW and their blends with 

coal have the advantages to utilize for co-processing 

regarding environmental concern. 

The essence of a gasification process is the 

conversion of solid carbon fuels into carbon monoxide and 

hydrogen mainly, by a complex thermo chemical process [48] 

as shown in the general formula (eq 1). 

Biomass + O2 = C0, CO2, H2O, H2, CH4 + other hydrocarbons 

Tar + char +ash                                                          {1} 

Splitting of a gasifier into strictly separate zones is 

not realistic, but it is conceptually essential. Gasification is 

made up for five discrete thermal processes: Drying, 

Pyrolysis, Combustion, Cracking, and Reduction. All of these 

processes are naturally present in the flame seen while 

burning off a match, though they mix in a manner that renders 

them invisible to eyes not yet initiated into the mysteries of 

gasification. The processes of gasification are as illustrated in 

Figure 1 

 
Fig. 1: Reaction zones in a Downdraft Gasifier [49] 

During the gasification process a number of 

chemical reactions take place. A summary of the reactions 

can be described as below[50]: 

Reaction type Reaction 
∆H 

(KJ/mole) 

Reduction reaction 
C + H2O  = CO + 

H2 
118.5 

Boudouard reaction C + CO2 = 2CO -159.9 

Water gas shift 

reaction 

CO2 + H2 = CO + 

H2O 
-40.9 

Methanisation 

reaction 
C+ 2H2 =CH4 87.5 

Table 1.1: Biomass Reactions [50] 

The producer gas from the gasification process 

contains carbon monoxide (CO) and hydrogen (H2) as the 

main compounds as well as water (steam), methane (CH4), 

carbon dioxide (CO2) and nitrogen (N2). Nitrogen content of 

the gas can be up to 50 volume % if the gasifier is air-blown. 

Composition of the gas is dependent on factors such as the 

temperature used for gasification, biomass used, gasification 

conditions and type of gasifier. Besides the main compounds, 

the gas also containsa number of other compounds and even 

solid particles. These compounds are regarded as impurities 

that are to at least some extent harmful for processes 

downstream of gasification. 

III. CONCLUSION 

The aim of this review paper is to summarize previous studies 

on biomass gasification reactor. The researchers have 

conducted both experimental and numerical studies on 

biomass gasification reactor using techniques of CFD 

(Computational Fluid Dynamics) along with statistical study 

on the effect of design and operating parameters. The 

application of different materials like wood chips, sugarcane 

waste and coconut shells as fuel is also investigated. Some 

researchers also focused on use of rice husk as fuel for 

biomass gasification which could be eco-friendly and 

commercially viable also. 
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