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Abstract  

Climate change, environmental pollution, population growth and overwhelming amounts of waste have led to the need 

to identify alternative fuels to replace fossil fuels. The gasification process of biomass residues from agriculture and 

agro-industry represents a suitable source for energy recovery through the production of syngas, including H2, CO and 

CH4. The gasification processes are carried out in area 500 °C ÷ 1000 °C. Various types of gasifiers were examined, in 

fixed bed and fluidized bed, following the gasification process and the contribution of specific gasification agents. The 

oxidation agents used in the biomass gasification process are: air, CO2, steam, O2. The effect and type of catalysts used 

were followed from the perspective of the highest possible percentage of hydrogen. This report analyzed the production 

of syngas, especially hydrogen, through gasification by comparing and analyzing the results of various types of biomass 

and aimed to bring a globalist approach to the production of hydrogen-rich syngas based on current technologies. 
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1. INTRODUCTION  

In the last decades, the world energy consumption has grown rapidly (Dudley, 2018). Fossil fuels 

are used worldwide as the main source of energy. But the irrational and uncontrolled use of fossil 

fuels produces a series of imbalances such as: environmental (burning fuels produce greenhouse gas 

emissions – (GHG), energy security (global energy, geopolitical problems) and economic. 

Greenhouse gases trap heat from the atmosphere and thus the global warming occurs. The global 

average temperature increased by 1°C. Global temperature increase of more than 1.5 °C leads to the 

risk of sea level rise, extreme weather events, biodiversity loss and species extinction, food 

shortages and worsening health for all of humanity. About 75% of greenhouse emissions come from 

industry: power plants, desalination plants (Rezaei et al., 2017; Naserbegi et al., 2019), and 

hydrogen production plants that use fossil fuels to provide energy (Aydin and Dincer, 2022; Depren 

et al., 2022). 

It is necessary to develop a sustainable energy system to reduce the use of fossil fuels and reduce 

environmental pollution. Hydrogen is an inexhaustible source to produce sustainable and green 

energy because it is abundant on Earth and does not produce greenhouse gas emissions, and for this 

https://doi.org/10.47068/ctns.2024.v13i26.023
http://www.natsci.upit.ro/
mailto:marin_florian112@yahoo.com


 
 Current Trends in Natural Sciences 

 Vol. 13, Issue 26, pp. 213-223, 2024 

https://doi.org/10.47068/ctns.2024.v13i26.023  
 

 Current Trends in Natural Sciences (on-line)                               Current Trends in Natural Sciences (CD-Rom)  

 ISSN: 2284-953X                                                   ISSN: 2284-9521 

 ISSN-L: 2284-9521                                                                                        ISSN-L: 2284-9521 

 
 

 
http://www.natsci.upit.ro  
*Florian Marin, E-mail address: marin_florian112@yahoo.com  

214 

reason it can be a sustainable substitute for fossil fuels (Dawood et al., 2020; Abe et al., 2019; 

Schlapbach and Züttel 2001; Sinigaglia et al., 2017). The main methods of hydrogen production 

are: hydrocarbon reforming (Malik et al., 2023; Woo et al., 2023), coal and biomass gas conversion, 

water splitting by electrolysis, photo-electrolysis (Lee et al., 2019) photobiological production, 

thermochemical loop water splitting at high temperatures (El-Emam et al., 2020). and hybrid 

technologies (Temiz and Dincer, 2021; Filippov and Keiko, 2021; Panchenko et al., 2023). Due to 

these methods of hydrogen production, a series of gaseous impurities appear such as O2, H2S, CO2, 

N2, CO, H2O, CH4, but also inert gases such as Ar and He, which can be leaked into the air (Sun et 

al., 2015). The main obstacle in the hydrogen development process is the low density of hydrogen 

and its storage (Barthélémy et al., 2017). 

Biomass, as a source of obtaining hydrogen, represents a very promising potential alternative for 

pollution-free energy production, being considered the fourth source of energy in the world after oil, 

coal and natural gas (Missaoui et al., 2017). 

Hydrogen it is the most abundant element in the universe, accounting for approximately 75% of all 

matter, hydrogen is not readily available on Earth in elemental form (Baykara, 2018). But,it can be 

produced from its compounds found in natural or industrial sources. 

Considering the levels of energy consumption in the world and the negative effects of fossil energy 

sources on the environment, renewable energy sources are ideal for sustainable hydrogen 

production. Hydrogen can be separated from synthesis gas, (H2 and CO), obtained from biomass 

gasification following cleaning reforming and switching processes (Baykara, 2018).  

Hydrogen is a clean energy carrier that will play an important role in the coming years to provide an 

ecological option to meet the growing demand for energy of the world. Intensive research is being 

done to identify clean routes for the transition to a green hydrogen economy to compete with fossil-

based hydrogen production (Arregi et al., 2018). In this case, bio-energy produced from biomass 

can be directed to generate hydrogen through various thermochemical and biological processes and 

gasification is the most possible for large-scale hydrogen production (El-Emam and Özcan, 2019). 

 

2. BIOMASS - WASTE WITH HIGH POTENTIAL FOR ENERGY RECOVERY 

Biomass can be defined as any organic matter that is available from renewable sources and can be 

used as a source of energy, such as waste and residues from various fruit or vegetable activities, 

various types of wood and wood waste, ocean plants, waste animal products and those resulting 

from the exploitation of animals as well as organic waste from municipalities (Salam et al., 2018). 

In general, vegetable biomass is divided into two main categories: woody and non-wood residues. 

Wood biomass contains wood and forest residues resulting from the processing of forest products, 

such as needles, cuts, bark, wood sawdust and wood chips. 

Non-woody biomass has a lower lignin content than wood biomass, being often classified as waste 

and can come from a wide range of agricultural processes, animal waste and herbaceous plants such 

as rice straw (Cao et al., 2018), sewage sludge (Smoliński et al., 2018; Zuo et al., 2022) , palm 

kernel shell (PKS), cocoa and grape pomace (Teh et al., 2022; González-Vázquez, 2018). 

Hemicellulose, cellulose and lignin as main components of wood biomass,Table 1, which together 

with chicken manure, sawdust as well as different types of municipal or kitchen waste are used as 

raw material for hydrogen production. 
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Table 1. The component elements of various types of biomass (Ren et al., 2019) 

 

Type of biomass Cellulose 

(%) 

Hemicellulose 

(%) 

Lignin 

(%) 

Othera 

(%) 

Softwood 41 24 28 7 

Hardwood 39 35 20 7 

Wheat straw 40 28 17 15 

Pine wood 42.1 17.7 25 - 

Birch wood 35.7 25.1 19.3 - 

Spruce wood 41.1 20.9 28 - 

Sunflower seed hull 18.4 27 - - 

Broiler poultry litter 27 17.8 11.3 20 

 

Biomass selection is important for syngas production during gasification because wood, straw and 

plant biomass contain more cellulose compared to husks which have a higher lignin content and a 

high hemicellulose (cellulose) / lignin ratio could produce a high syngas content (Ren, J., et al., 

2019). 

Kitchen waste can be harmful to the environment if not handled properly, but can be converted into 

gas as a source for efficient gasification power generation in a updraft gasifier with fluidized bed 

together with a cyclone separator and a cooler (Cao, W., et al., 2022). It was used an air blower to 

create flow of air to heated at 400°C in an air preheater. 

Biomass with higher moisture content gasified slowly due to the additional heat required to 

evaporate the water in the biomass before its thermochemical conversion.The dry waste was then 

ground to a size of 1–1.5 cm to increase its surface area, which helps it to be gasified quickly and 

evenly. 

 

3. BIOMASS GASIFICATION PROCESS FOR THE DEVELOPMENT OF SYNGAS 

AND HYDROGEN 

3.1.Gasification Process 

The gasification process is carried out in the thermal range of 500°C - 1000°C, using air, steam or 

CO2 as an oxidizing agent. The biomass is gasified in a pressurized reactor and the generated gas is 

separated from the inorganic matter and ash. The gas is cooled and separated in the cooling zone 

below the gasifier (Molino et al., 2016). The water vapor in the fuel gas is condensed and the 

released heat is used to generate steam. The resulting gas is similar to syngas, consisting in CO, H2 

and CO2, and can be used to produce synthetic fuels or chemicals through the Fischer-Tropsch 

process or other synthesis processes. The gasification process is carried out using either fluidized 

bed reactors or fixed bed reactors. The gasification process is considered one of the best ways to 

recover energy from biomass by producing syngas, including H2, CO și CH4 Figure 1. where a fixed 

bed reactor with the following components is represented: digester, reactor.condensate, clean cool 

synthesis gas, gas storage. In gasification processes using fluid bed/circular reactors, a higher air 

speed is required compared to those using fixed bed reactors.Biomass gasification is an efficient 

and promising conversion technology. Production of CO2-free green hydrogen from decarbonised 

biomass gasification has shown, as an important novelty, a promising potential to deliver high 

energy conversion (Suryawanshi et al., 2023). 
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Figure 1.  Gasification process (Tezer et al., 2022) 

 

The main types of gasifiers found in literature are gasifiers with a fixed bed, (with upward or 

downward current), with fluidized bed or (more recently) with plasma, but they can be diversified 

according to the gasification variables like: oxidation agent, temperature,pressure or transport 

process (Sansaniwal, S. K., et al., 2017). Fixed bed gasifiers can be classified according to the mode 

of interaction of either air/oxygen or steam with biomass such as  downflow,upflow and crossflow 

gasifier, Figure 2. 

 

 
Figure 2.  Classification of biomass gasifier (Sansaniwal et al., 2017) 
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In the downdraft gasifier, the air flows in a downward direction and interacts with the biomass fuel, 

which results in co-current movement of waste and gase`s. After pyrolysis and drying the products 

are forced by oxidation to produce fuel gas. of good quality (Fazil et al., 2022; Vera et al., 2011). In 

the updraft gasifier, the gasification agent such as air, oxygen and steam are introduced at the 

bottom to interact with the biomass and fuel gases in the countercurrent direction, and the gas 

produced in the reduction zone comes out of the reactor at the top (Diboma et al., 2023; Tuan et al., 

2023). And in the crossdraft gasifier the biomass enters from the top, the thermochemical reactions 

take place progressively as the fuel descends into the reactor while the gasification agent enters at 

high speed from the side near the bottom of the reactor, and the produced gas leaves the reactor. the 

opposite side. 

The fluidized bed gasifier works on the principle that both the fuel and the material in the inert bed 

behave like a fluid (Motta et al., 2018). One type of fluidized bed gasifier is the bubbling reactor 

(BFB) which operates at atmospheric pressure and is placed inside an electrically heated furnace. 

Steam and oxygen are used as gasification agents, which are mixed in the wind box located at the 

base of the reactor. Sand, silicon or a catalytic bed material, (such as lime, dolomite and olivine) is 

used as a fluidizing medium to improve the gasification process (Liakakou et al., 2019). 

 

3.2. Syngas production 

The main product of biomass gasification is a gaseous mixture consisting of H2, CO, CO2 and CH4. 

Gasification is a thermochemical process at high temperatures that causes changes in the biomass 

structure in the presence of a gasification agent, (air, steam, steam and oxygen, air and steam or air 

enriched with oxygen) resulting in a large amount of gaseous product known as of synthesis gas 

syngas (Zhang et al., 2023). The varied results of the gasification are due to a reaction sequence: 

 

Biomass decomposition reaction 

CxHyOz + heat→Gas + biochar + volatiles(tar) + steam                                                                  (1) 

Volatiles secondary cracking reaction 

Volatiles→C + CmHn(smaller volatiles) + gas                                                                                 (2) 

Volatiles dry reforming reaction  

CmHn + mCO2→2mCO +n2H2                                                                                                         (3) 

Volatiles steam reforming reaction 

CmHn + mH2O→mCO + (m + )H2                                                                                                   (4) 

Char steam gasification 

C + H2O↔CO + H2                                                                                                                           (5) 

Methanation reaction 

C + H2→CH4                                                                                                                                     (6) 

Water-gas shift (WGS) reaction 

CO + H2O↔CO2 + H2                                                                                                                       (7) 

Boudouard reaction 

C + CO2→2CO                                                                                                                                  (8) 

Steam methane reforming (SMR) reaction 

CH4 + H2O↔CO + 3H2                                                                                                                     (9) 

Methane dry reforming (MDR)reaction 

CH4 + CO2↔2CO + 2H2                                                                                                                  
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In general, biomass contains cellulose, hemicellulose and lignin containing carbon, oxygen and 

hydrogen, from which syngas is obtained through gasification (Sansaniwal, S. K., et al., 2017). 

To obtain syngas, different types of biomass were used: charcoal, wood, sawdust, corn cobs, pine 

wood cubes, wood shavings, Table 2. 

 
Tabel 2. Composition of gas obtained in gasification with downdrft current from biomass 

 (Sansaniwal et al., 2017) 

 

Biomass Gas composition (vol %) 

CO H2 CH4 CO2 N2 

Charcoal 28-31 5-10 1-2 1-2 55-60 

Wood 17–22 16–20 2–3 10–15 55–50 

Sawdust 19.48 18.89 3.96 – – 

Wood chips 26.5 7.0 2.0 – – 

Corn cobs 18.6 16.5 6.4 – – 

Pine wood blocks 25.53 28.93 6.82 – – 

 

Syngas resulting from the gasification of biomass, is a mixture of carbon monoxide, hydrogen, 

carbon dioxide and a smaller amount of methane (Cerone and Zimbardi, 2018). The gas 

composition is varied due to changes in the following factors:composition of feedstock, gasification 

agents or catalyst selection (Fatema et al., 2022).  

Syngas can be used in many industries, such as the chemical industry, the fuel industry and power 

plants (Chanthakett et al., 2022).  

The production of hydrogen from syngas as a result of biomass gasification has many advantages as 

a secondary source of renewable energy as a clean fuel for vehicles, because it does not release 

carbon or sulfur emissions during combustion. As a green energy, hydrogen has a great potential to 

reduce the dependence on fossil fuels and, implicitly, environmental pollution, and thus, the 

production of hydrogen from renewable sources will reduce this pollution, which is an important 

factor in global warming. 

 

3.3. Hydrogen production 

The following types of biomass were used for the production of hydrogen: chicken manure, kitchen 

wastes, Table 3. 

 
Tabel 3. Obtaining hydrogen by gasification of various biomass sources 

 

Type of Biomass Type of Gasification Operating Conditions H2 Yield 

Kitchen waste (Liu, J., et 

al., 2022) 
Supercritical water - 480 °C without catalyst 

- with Ni/γAl2O3. catalyst 

563.43 mol / L 

673.13 mol/L 

Chicken manure (Hussein, 

M., et al., 2022; Cao, W., et 

al., 2022) 

Steam gasification T = 1000 °C 0.1 g/min 

Supercritical water T = 620 °C 22.47 mol / kg 
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Most of the biomass gasification reactors evaluated have a hydrogen capacity of 390 MW 

(corresponding to 100,000 Nm3/hydrogen with purity above 99.95% vol.) with a carbon capture 

rate of 90%. 

The variations of the gasification agents cause variations in the percentage values of the gasification 

products which are CO,CO2,CH4,H2,carbon and bio-oil. Air gasification is the simplest and most 

widely used because of the low cost of the gasifying agent and produces a gas with a low calorific 

value, generally 4 to 7 MJ/Nm3, while O2 and steam gasification produces a synthesis gas with a 

calorific value between 10÷18 MJ/Nm3. On the other hand, gasification with pure O2 of biomass is 

not a feasible process due to the high cost of using only O2 (Havilah et al., 2022). 

 

3.3.1. Gasification process of kitchen waste  

Kitchen waste has a lot of organic matter in its composition, which has a high moisture content and 

a low energy density. The thermochemical conversion of kitchen waste through gasification 

represents a future energy production technique. Kitchen waste mainly includes vegetables, fruits, 

scraps, fruit peels, egg shells and generates more than 30 million tons accounting for 50% to 65% of 

solid waste. The Food and Agriculture Organization of the United Nations has claimed that more 

than 1.3 billion tonnes of kitchen waste is generated worldwide every year (Chhandama et al., 2022; 

Li and Jin, 2015). The composition of kitchen waste is shown in Table 4. which mainly consists of 

vegetables, fruit peels, cores, peels, meat and meat scraps, broken bones, egg shells and crustaceans 

(Liu et al., 2023). 

 
Tabel 4 Characteristics of kitchen waste 

Vegetables (Yuan 

et al., 2019) 

Peels, nutshells and cores 

(Zhang et al., 2020) 

Leftovers and 

meat (Jo et al., 

2017) 

Eggshells, bones 

and shells (Li et 

al., 2020) 

62.4 wt.% 15.8 wt.% 15.6 wt.% 6.2 wt.% 

 

In the gasification process of kitchen waste was used a stainless-steel reactor heated to 800°C with 

three heating wires (2500 W each) spiraling around the gasifier. The variation of temperature, air 

flow rate, moisture content and feed weight in kitchen waste gasification were monitored to 

optimize the process in terms of CO, CO2, CH4, H2, tar and carbon production. It was observed that 

when the samples are heated up to a temperature of 800°C, only the mineral substances in the form 

of ash remain in the gasifier. 

The yield percentage of the types of products obtained from gasification of kitchen wastes largely 

vary depending on the composition of the wastes and the parameters of gasification obtained by 

them is presented in Figure 3. 

In this experiment they obtained a large volume of gaseous products (67%) by gasification of 

kitchen waste in a fluidized bed reactor. They observed that a high flow of air, as a gasification 

agent, increases the production of CO2 and the amount of CH4 decreases with increasing oxygen.  

The conversion of kitchen waste in H2-rich syngas was also investigated using supercritical water 

(Liu et al., 2022). They observed that H2 yield increased significantly, from 150.32 mol /L to 563.43 

mol / L with increasing temperature from 360 °C to 480 °C without catalyst and it increased to 

673.13 mmol/L with the addition of Ni/Al2O3 catalyst. 
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Figure 3. Yield percentage of the gasification products (Fatema et al., 2022) 

 

3.3.2. Gasification process of chicken manure 

They used different gasification media and temperatures ranging from 600°C - 1000°C in 

temperature steps of 100 °C. As in the case of gasification of kitchen waste (Chanthakett, A., et al., 

2021), chicken manure used in this study it was also dried of irregular granular form with sizes 

ranging from 1-3mm. They analyzed the gases produced by gas chromatography. The main 

components of the obtained gas are H2, CO, CO2, CH4, C2H6, C2H4, C2H2, and other higher series of 

hydrocarbons. Gasification with CO2 and steam has been found to provide the highest energy yield 

as syngas. The evolutionary behavior of hydrogen mass for different gasification media (air, steam, 

CO2 as gasifying agents) at different temperatures and observed higher hydrogen flow rates over 

longer periods of time with the use of steam compared to other gasification agents and concluded 

that the higher H2 can be attributed to the reactions. 

 High yields of H2-rich syngas were obtained from the steam gasification of chicken manure at 

1000°C. On the other hand it was investigated H2 production from supercritical water gasification 

(SCWG) of chicken manure in a high heating rate batch reactor at temperatures between 500°C and 

620°C and observed that the H2 yield increased significantly, from 9.27 to 22.47 mol / kg, when the 

temperature increased (Cao et al., 2021). In order to characterize the SCWG of chicken manure, 

several indicators including carbon gasification efficiency, (CE), hydrogen gasification efficiency, 

(HE), gas yield and gas fraction were employed. The definition of these indicators was listed as 

follows (Cao et al., 2021): 

 

 x100%                                                                 (10)       

 

                                                                 (11)               

 

                                                (12)    
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                                        (13)        

 

4. CONCLUSIONS 

In various gasification studies, of some of the most abundant types of biomass, kitchen waste, 

chicken manure, olive pomace, walnut shell, almond shell, sugar cane bagasse and lignocellulosic 

biomass, by different types of reactors, downflow, upflow, fluidized bed and plasma, the production 

of syngas, especially hydrogen, was analyzed. The critical parameters needed to improve hydrogen 

production are the high temperature of the process, 800÷1000°C, but also the use of steam as a 

gasification agent. Also, catalytic gasification contributed significantly to the increase of hydrogen 

yield in the experiments that used biomass/waste as raw material. Prior drying and shredding of the 

raw material to increase the contact surface with the reactant, helps in into a rapid and uniform 

gasification.  

Taking into account the huge potential that biomass gasification has for the production of hydrogen-

enriched gases, such studies must be continued and deepened, at least with regard to the catalysts 

used for the hydrogen enrichment of the obtained products. 

 
5. ACKNOWLEDGEMENTS 

The authors acknowledge the support from the Ministry of Research, Innovation and Digitization through the 

NUCLEU Program (financing contract no. 20N/2023, Project PN 23 15 04 02/2023-2026), titled 

“Capitalizing on laboratory experiments in the development of biofuel production technologies from agro-

industrial waste”.  

 
6. REFERENCES  

Abe, J. O., Popoola, A. P. I., Ajenifuja, E. Popoola, O. M. (2019). Hydrogen energy, economy and storage: Review and 

recommendation. International journal of hydrogen energy, 44(29), 15072-15086. 

Arregi, A., Amutio, M., Lopez, G., Bilbao, J., & Olazar, M. (2018). Evaluation of thermochemical routes for hydrogen 

production from biomass: A review. Energy conversion and management, 165, 696-719. 

Aydin, M. I., & Dincer, I. (2022). A life cycle impact analysis of various hydrogen production methods for public 

transportation sector. International Journal of Hydrogen Energy, 47(93), 39666-39677. 

Barthélémy, H., Weber, M., & Barbier, F. (2017). Hydrogen storage: Recent improvements and industrial perspectives. 

International Journal of Hydrogen Energy, 42(11), 7254-7262. 

Baykara, S. Z. (2018). Hydrogen: A brief overview on its sources, production and environmental impact. International 

Journal of Hydrogen Energy, 43(23), 10605-10614. 

Cao, W., Wei, W., Jin, H., Yi, L., & Wang, L. (2022). Optimize hydrogen production from chicken manure gasification 

in supercritical water by experimental and kinetics study. Journal of Environmental Chemical Engineering, 

10(3), 107591. 

Cao, W., Wei, W., Jin, H., Yi, L., Wang, L. (2022). Optimize hydrogen production from chicken manure gasification in 

supercritical water by experimental and kinetics study. Journal of Environmental Chemical Engineering, 10(3), 

107591. 

Cao, Z., Chen, J., & Wang, C. (2018). Experimental study on catalytic biomass gasification in a bubbling fluidized bed. 

Chemical Engineering Technology, 41(10), 1928-1935. 

Cerone, N., & Zimbardi, F. (2018). Gasification of Agroresidues for syngas production. Energies, 11(5), 1280. 

Chanthakett, A., Arif, M. T., Khan, M. M. K., Oo, A. M. (2021). Performance assessment of gasification reactors for 

sustainable management of municipal solid waste. Journal of Environmental Management, 291, 112661. 

Chhandama, M. V. L., Chetia, A. C., Satyan, K. B., Ao, S., Ruatpuia, J. V., & Rokhum, S. L. (2022). Valorisation of 

food waste to sustainable energy and other value-added products: a review. Bioresource Technology Reports, 17, 

100945. 

Dawood, F., Anda, M., & Shafiullah, G. M. (2020). Hydrogen production for energy: An overview. International 

Journal of Hydrogen Energy, 45(7), 3847-3869. 

https://doi.org/10.47068/ctns.2024.v13i26.023
http://www.natsci.upit.ro/
mailto:marin_florian112@yahoo.com


 
 Current Trends in Natural Sciences 

 Vol. 13, Issue 26, pp. 213-223, 2024 

https://doi.org/10.47068/ctns.2024.v13i26.023  
 

 Current Trends in Natural Sciences (on-line)                               Current Trends in Natural Sciences (CD-Rom)  

 ISSN: 2284-953X                                                   ISSN: 2284-9521 

 ISSN-L: 2284-9521                                                                                        ISSN-L: 2284-9521 

 
 

 
http://www.natsci.upit.ro  
*Florian Marin, E-mail address: marin_florian112@yahoo.com  

222 

Depren, S. K., Kartal, M. T., Çelikdemir, N. Ç., & Depren, Ö. (2022). Energy consumption and environmental 

degradation nexus: A systematic review and meta-analysis of fossil fuel and renewable energy consumption. 

Ecological Informatics, 70, 101747. 

Diboma, B. S., Atiotsia, V. H., Che, L. C., Essomba, P. B., Bot, B. V., & Tamba, J. G. (2023). Gasification of charcoal 

derived from tropical wood residues in an updraft fixed bed reactor. Bioresource Technology Reports, 21, 

101308. 

Dudley, B. (2018). BP statistical review of world energy 2018. Energy economic, Centre for energy economics research 

and policy. British Petroleum, Available via https://www. bp. com/en/global/corporate/energy-

economics/statistical-review-of-world-energy/electricity. html, 5. 

El-Emam, R. S., & Özcan, H. (2019). Comprehensive review on the techno-economics of sustainable large-scale clean 

hydrogen production. Journal of Cleaner Production, 220, 593-609. 

El-Emam, R. S., Ozcan, H., Zamfirescu, C. (2020). Updates on promising thermochemical cycles for clean hydrogen 

production using nuclear energy. Journal of Cleaner Production, 262, 121424. 

Fatema, J., Ahmed, T., Islam, M. M., Sakib, M. N., Chowdhury, A. S., Haque, P. (2022). Gasification of kitchen wastes 

in an updraft fluidized bed gasifier and simulation of the process with Aspen Plus. Journal of Cleaner 

Production, 371, 133670. 

Fazil, A., Kumar, S., Mahajani, S. M. (2022). Downdraft co-gasification of high ash biomass and plastics. Energy, 243, 

123055. 

Filippov, S. P., Keiko, A. V. (2021). Coal gasification: at the crossroads. economic outlook. Thermal Engineering, 

68(5), 347-360. 

González-Vázquez, M. D. P., García, R., Gil, M. V., Pevida, C., Rubiera, F. (2018). Unconventional biomass fuels for 

steam gasification: Kinetic analysis and effect of ash composition on reactivity. Energy, 155, 426-437. 

Havilah, P. R., Sharma, A. K., Govindasamy, G., Matsakas, L., Patel, A. (2022). Biomass gasification in downdraft 

gasifiers: A technical review on production, up-gradation and application of synthesis gas. Energies, 15(11), 

3938. 

Hussein, M. S., Burra, K. G., Amano, R. S., & Gupta, A. K. (2017). Temperature and gasifying media effects on 

chicken manure pyrolysis and gasification. Fuel, 202, 36-45. 

Jo, J. H., Kim, S. S., Shim, J. W., Lee, Y. E., Yoo, Y. S. (2017). Pyrolysis characteristics and kinetics of food wastes. 

Energies, 10(8), 1191. 

Lee, M. L., Liao, P. H., Li, G. L., Chang, H. W., Lee, C. W., Sheu, J. K. (2019). Enhanced production rates of hydrogen 

generation and carbon dioxide reduction using aluminum gallium nitride/gallium nitride heteroepitaxial films as 

photoelectrodes in seawater. Solar Energy Materials and Solar Cells, 202, 110153. 

Li, Y., Jin, Y. (2015). Effects of thermal pretreatment on acidification phase during two-phase batch anaerobic digestion 

of kitchen waste. Renewable Energy, 77, 550-557. 

Liakakou, E. T., Vreugdenhil, B. J., Cerone, N., Zimbardi, F., Pinto, F., André, R., Girio, F. (2019). Gasification of 

lignin-rich residues for the production of biofuels via syngas fermentation: Comparison of gasification 

technologies. Fuel, 251, 580-592. 

Liu, J., Fauziah, S. H., Zhong, L., Jiang, J., Zhu, G., & Yan, M. (2022). Conversion of kitchen waste effluent to H2-rich 

syngas via supercritical water gasification: Parameters, process optimization and Ni/Cu catalyst. Fuel, 314, 

123042. 

Malik, F. R., Yuan, H. B., Moran, J. C., Tippayawong, N. (2023). Overview of hydrogen production technologies for 

fuel cell utilization. Engineering Science and Technology, an International Journal, 43, 101452. 

Missaoui, A., Bostyn, S., Belandria, V., Cagnon, B., Sarh, B., Gökalp, I. (2017). Hydrothermal carbonization of dried 

olive pomace: Energy potential and process performances. Journal of Analytical and Applied Pyrolysis, 128, 

281-290. 

Molino, A., Chianese, S., Musmarra, D. (2016). Biomass gasification technology: The state of the art overview. Journal 

of Energy Chemistry, 25(1), 10-25. 

Motta, I. L., Miranda, N. T., Maciel Filho, R., & Maciel, M. R. W. (2018). Biomass gasification in fluidized beds: A 

review of biomass moisture content and operating pressure effects. Renewable and Sustainable Energy Reviews, 

94, 998-1023. 

Naserbegi, A., Rezaei, A., Alahyarizadeh, G., Aghaie, M. Energy management of nuclear desalination plant by efficient 

coupling a pressurized water reactor and a multi-effect distillation system-thermodynamic evaluation. 

Desalination Water Treatment. 151, 34–46, 2019. 

https://doi.org/10.47068/ctns.2024.v13i26.023
http://www.natsci.upit.ro/
mailto:marin_florian112@yahoo.com


 
 Current Trends in Natural Sciences 

 Vol. 13, Issue 26, pp. 213-223, 2024 

https://doi.org/10.47068/ctns.2024.v13i26.023  
 

 Current Trends in Natural Sciences (on-line)                               Current Trends in Natural Sciences (CD-Rom)  

 ISSN: 2284-953X                                                   ISSN: 2284-9521 

 ISSN-L: 2284-9521                                                                                        ISSN-L: 2284-9521 

 
 

 
http://www.natsci.upit.ro  
*Florian Marin, E-mail address: marin_florian112@yahoo.com  

223 

Panchenko, V. A., Daus, Y. V., Kovalev, A. A., Yudaev, I. V., & Litti, Y. V. (2023). Prospects for the production of 

green hydrogen: Review of countries with high potential. International Journal of Hydrogen Energy, 48(12), 

4551-4571. 

Ren, J., Cao, J. P., Zhao, X. Y., Yang, F. L., & Wei, X. Y. (2019). Recent advances in syngas production from biomass 

catalytic gasification: A critical review on reactors, catalysts, catalytic mechanisms and mathematical models. 

Renewable and Sustainable Energy Reviews, 116, 109426. 

Rezaei, A., Naserbeagi, A., Alahyarizadeh, G., Aghaie, M. Economic evaluation of Qeshm island MED-desalination 

plant coupling with different energy sources including fossils and nuclear power plants. Desalination. 422, 101–

112, 2017. 

Salam, M. A., Ahmed, K., Akter, N., Hossain, T., Abdullah, B. (2018). A review of hydrogen production via biomass 

gasification and its prospect in Bangladesh. International journal of hydrogen energy, 43(32), 14944-14973. 

Sansaniwal, S. K., Pal, K., Rosen, M. A., & Tyagi, S. K. (2017). Recent advances in the development of biomass 

gasification technology: A comprehensive review. Renewable and sustainable energy reviews, 72, 363-384. 

Sansaniwal, S. K., Rosen, M. A., & Tyagi, S. K. (2017). Global challenges in the sustainable development of biomass 

gasification: An overview. Renewable and Sustainable Energy Reviews, 80, 23-43. 

Schlapbach, L., Züttel, A. (2001). Hydrogen-storage materials for mobile applications. nature, 414(6861), 353-358. 

Sinigaglia, T., Lewiski, F., Martins, M. E. S., Siluk, J. C. M. (2017). Production, storage, fuel stations of hydrogen and 

its utilization in automotive applications-a review. International journal of hydrogen energy, 42(39), 24597-

24611. 

Smoliński, A., Howaniec, N., Bąk, A. (2018). Utilization of energy crops and sewage sludge in the process of co-

gasification for sustainable hydrogen production. Energies, 11(4), 809. 

Sun, F., Yan, M. Y., Liu, X. P., Ye, J. H., Li, Z. N., Wang, S. M., & Jiang, L. J. (2015). Effect of N2, CH4 and O2 on 

hydrogen storage performance of 2LiNH2+ MgH2 system. International Journal of Hydrogen Energy, 40(18), 

6173-6179. 

Suryawanshi, S. J., Shewale, V. C., Thakare, R. S., Yarasu, R. B. (2023). Parametric study of different biomass 

feedstocks used for gasification process of gasifier—a literature review. Biomass Conversion and Biorefinery, 

13(9), 7689-7700. 

Teh, J. S., Teoh, Y. H., How, H. G., Idroas, M. Y., Le, T. D., Nguyen, H. T. (2022). Experimental Studies of 

Combustion and Emission Characteristics of Biomass Producer Gas (BPG) in a Constant Volume Combustion 

Chamber (CVCC) System. Energies, 15(21), 7847. 

Temiz, M., & Dincer, I. (2021). Design and analysis of a new renewable-nuclear hybrid energy system for production 

of hydrogen, fresh water and power. e-Prime-Advances in Electrical Engineering, Electronics and Energy, 1, 

100021. 

Tezer, Ö., Karabağ, N., Öngen, A., Çolpan, C. Ö., & Ayol, A. (2022). Biomass gasification for sustainable energy 

production: A review. International Journal of Hydrogen Energy, 47(34), 15419-15433. 

Tuan, P. D., Nhi, V. T., Huong, H. M., Feng, D. (2022). Enrichment of hydrogen in product gas from a pilot-scale rice 

husk updraft gasification system. Carbon Resources Conversion, 5(3), 231-239. 

Vera, D., Jurado, F., Carpio, J. (2011). Study of a downdraft gasifier and externally fired gas turbine for olive industry 

wastes. Fuel Processing Technology, 92(10), 1970-1979. 

Woo, Y., Park, J. M., Bae, J. W., Park, M. J. (2023). Kinetic modeling of the steam reforming of light hydrocarbon 

mixture from waste resources: Effects of gas composition on hydrogen production. International Journal of 

Hydrogen Energy, 48(41), 15383-15391. 

Yuan, J., Li, Y., Wang, G., Zhang, D., Shen, Y., Ma, R., Li, G. (2019). Biodrying performance and combustion 

characteristics related to bulking agent amendments during kitchen waste biodrying. Bioresource 

technology,284,56-64. 

Zhang, D., Xu, Z., Wang, G., Huda, N., Li, G., Luo, W. (2020). Insights into characteristics of organic matter during co-

biodrying of sewage sludge and kitchen waste under different aeration intensities. Environmental Technology & 

Innovation, 20, 101117. 

Zhang, X., Kong, G., Zhang, X., Wang, K., Liu, Q., Shi, S., & Han, L. (2023). Gasification integrated with steam co-

reforming of agricultural waste biomass over its derived CO2/O2/steam-mediated porous biochar for boosting H2-

rich syngas production. Journal of Environmental Chemical Engineering, 11(2), 109556. 

Zuo, Z., Jing, T., Wang, J., Dong, X., Chen, Y., Luo, S., Zhang, W. (2022). Sludge Gasification Using Iron Bearing 

Metallurgical Slag as Heat Carrier: Characteristics and Kinetics. Energies, 15(23), 9223. 

https://doi.org/10.47068/ctns.2024.v13i26.023
http://www.natsci.upit.ro/
mailto:marin_florian112@yahoo.com

