
Review on Alternate Fuels: Need for Cleaner Fuels to Meet Future Energy Demands 

 

805 
 

Turkish Online Journal of Qualitative Inquiry (TOJQI) 

Volume 12, Issue 9, August 2021: 805-819 

 

Review on Alternate Fuels: Need for Cleaner Fuels to Meet 

Future Energy Demands 

Nagulash Rahul B*, R.V. Nanditta 

 

Department of Mechanical Engineering, SRM Institute of Science and Technology, 

Kattankulathur, Tamil Nadu - 603203, India 

             Corresponding Author*: nagulashbharathi28@gmail.com 

 

Abstract. On comparison with the current usage of fossil fuels, it is estimated that by the year 

of 2040, the requirement for global oil will increase to 5.7 million barrels per day for diesel fuel 

alone. The use of fossil fuels leads to high emissions of Carbon dioxide (CO2), Nitrous Oxides 

(NOx), Carbon Monoxide (CO) and Particulate Matter (PM). The release of Particulate matter 

(PM) from these vehicle sources is one of the major concerns to human health and linked with 

antagonistic health effects. There particulate matter (PM) emitted from the combustion of 

conventional fuels leads to diseases related to cardiopulmonary mortality and sickness which 

also includes cancer. This rapid diminution of readily available conventional fuels, 

environmental concerns, has led to the increasing demand for energy towards clean alternative 

renewable fuels. Depletion of fossil fuels and the toxic emissions from it has made us to look 

for alternatives. Biodiesels are one effective greener alternative out of the biofuels compared to 

the conventional fossil fuels. They also have a decreased effect on health, environment and no 

uncertainties related to the unstable costs of the fossil fuels. This review shows the importance 

of immediate change in the use of fossil fuels, comparison of various alternate fuels for engines 

and the challenges faced to implement alternate fuels in real time. 

Keywords: Clean Energy, Alternate Fuels, Eco-friendly, Biofuel, Environmental impact 

assessment 

1. Introduction 

Alternative fuels differ in origin and manufacturing technique, but they all have one thing in 

common: they are generated in a sustainable and clean manner, with no additional carbon 

dioxide emissions (CO2). The direct use of excess power and thermochemical conversion of 

raw material are the two primary methods for the synthesis of alternative fuels. For the former, 

the term "electro fuels" was recently used to underline the manufacturing method and 

application of electricity.[1] Electro fuels are carbon-neutral fuels made from VRES energy 

excess in the form of a gas or a liquid, with carbon neutrality accomplished by closing the loop 

such that utilized CO2 is collected from exhaust gases or straight from the air. Furthermore, 

electrolysis, which is a critical technology for the synthesis of electro fuels, may be run in a 
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flexible mode in line with renewables output, boosting overall system efficiency while also 

permitting greater penetration of VRES.[2] Figure 1 shows the increase in the energy demands. 

Figure 1. Illustration of tremendous increase in energy demands from 1965-2011 [3] 

 

Depending on the use and manufacturing methods, alternative fuels can be produced in a liquid, 

gaseous, or solid state. The most viable answer for the transportation sector is liquid and certain 

gaseous fuels, whereas solid fuels are more likely to be employed for stationary demands in 

power plants. Furthermore, fuels that can be used in many forms while also serving as an energy 

transporter or storage will be implemented on a larger scale.[4,5]  

Cross-sectoral integration is required to optimise fuel and overall system efficiency. This 

entails not only the production of combined heat and power (CHP), but also a greater 

integration of transportation and industry within the power generation sector.  

Cogeneration facilities are more efficient than traditional power plants, and as a result, they 

will be favoured in the future energy system. Furthermore, waste heat can be used for district 

heating, industrial applications, or the direct generation of alternative fuels. To prevent any 

misunderstanding, the term alternative fuels will be used for all fuels evaluated in this analysis,    

including electro fuels.[6,7] 

 

Figure 2. Schematic of applications of H2 [8] 
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Figure 2. shows various applications of hydrogen (H2) which is one of the clean fuels. This 

review illustrates the various methods for various alternate fuels, production of cleaner fuel, 

ranking of the best production methods, applications of alternate fuels in industries and IC 

engines, current challenges and overview on improvement of cleaner fuel for the betterment of 

our environment. [9] 

2. Alternative Fuels 

2.1 Hydrogen 

Energy obtained from production of hydrogen is non-toxic, eco-friendly as well as an infinite 

form of energy.  Due to its abundance and eco-friendly product that is ‘water’ it is relied on to 

be one of the sources of alternative fuels. Hydrogen fuels do not produce any harmful 

greenhouse gases and hence considered to be zero emission of greenhouse gases. In general, 

manufacture of hydrogen (H2) is done by steam reforming, electrolysis as well as thermolysis. 

[10,11] 

Figure 3. Flowchart of various methods used for production of hydrogen 

 

 

 

 

 

 

 

Steam reforming is a process in which a carrier of oxygen drives the reaction to supply heat in 

a cyclic process by taking in air to the reactor. This fuel type can be considered for its high 

energy density, effects on the atmosphere, zero emission and its abundancy in environment. 

Production of hydrogen can be from 3 forms.[12] Hydrogen can be obtained from 

hydrocarbons by partial oxidation (POX), Autothermal reforming (ATR) as well as Steam 

methane reforming (SMR). From biomass, production of hydrogen can be from pyrolysis and 

gasification.[13]  

Hydrogen can also be produced through biological process at ambient pressure and 

temperature. Some of the common biological processes to obtain hydrogen are fermentation, 

bio-photolysis and indirect bio-photolysis.[14] These processes are controlled by H2 producing 

enzymes such as hydrogenase and nitrogenase.  photovoltaic, solar thermal energy, photo-

electrolysis and bio-photolysis are few processes from which production of hydrogen can be 
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obtained from direct solar energy. The following table 1, shows the merits and demerits of 

various production processes of hydrogen for clean fuel along with the efficiency of yield.[15] 

Table 1. Merits and Demerits of Production Processes [16] 

RANK PROCESS YIELD 

(%) 

MERITS DEMERITS 

1. Steam 

Reforming 

70 – 85 • No requirement of O2  

• Used in industrial 

sectors. 

• Less operating 

Temperature 

 

• Emission of carbon 

dioxide (CO2) 

2. Partial 

Oxidation 

(POX) 

60 – 75 • No Catalyst is required 

• Low methane slip 

• Desulphurization is low 

• Less H2/CO ratio 

• Operating temperature 

range is high 

• Complex process 

 

3. Auto-thermal 

Reforming 

(ATR) 

60 – 75 • Low methane slip 

• Lower partial 

temperature 

 

• Less Air/O2 is less 

• Not used in commercial 

sectors  

 

4. Biomass 

Pyrolysis 

 

35 – 50 • Inexpensive 

• Biodegradable 

feedstock 

• CO2 neutral 

 

• Slow process 

• Formation of Tar 

• H2 yield depend on 

feedstock 

5. Gasification 35 -50 • Inexpensive 

• Biodegradable 

feedstock 

• CO2 neutral 

• Good for small scale use 

• Slow process 

• Formation of Tar 

 

6. Bio-photolysis 0.5 • By product are not toxic 

• Require mild 

environment 

• H2 yield is very less 

• Requires sunlight 

• Sensitive to presence of 

O2 

 

7. Photo-

electrolysis 

0.06 • By-product is not toxic 

• Feedstock is readily 

available 

• Yield percent is less 

• Slow process 

• Requires constant 

sunlight 
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2.2 Biodiesel 

Biofuels are fuels that are made from plants and crops. Biodiesel and bioethanol are the most 

common biofuels. Plant-based fuels are a renewable resource that can be grown everywhere. 

Biofuels emit fewer carbon emissions than fossil fuels. Biofuels also aid in the reduction of 

greenhouse gas emissions. Biofuels, on the other hand, offer their own set of benefits and 

drawbacks.[17] 

Biofuels are a renewable source of energy, making them preferable to fossil fuel-derived fuels 

due to the scarcity of fossil fuels. Biofuels are more environmentally friendly than petroleum-

based fuels because they produce less pollutants when burned.[18] A major issue with burning 

fossil fuels is that a large amount of Sulphur is emitted into the atmosphere, resulting in acid 

rain. Although burning a biofuel emits nitrogen into the atmosphere, the net acid rain 

generation is substantially decreased when biofuels are used. Biofuel production should be 

carried out properly since proper biofuel production may significantly reduce greenhouse gas 

emissions. Biofuels may be made from a variety of low-cost sources, such as agricultural waste, 

discarded vegetable oils, non-edible oils, animal fats, and so on.[19] 

Due to their superior combustion profile and environmentally benign nature, biofuels are the 

greatest alternative to petroleum-based fuels. Furthermore, the feedstock’s necessary to 

synthesis biofuels are readily available. Biofuels have an advantage over petroleum fuels since 

they may be made from waste items like discarded vegetable oils and less expensive sources 

like non-edible oils like neem oil and jatropha oil and so on. Algae and fungus can potentially 

be used as raw materials to make biofuels. Biofuels are better than regular gasoline and diesel 

because they are renewable, thus they may be utilized instead of nonrenewable fossil fuels.[20] 

Despite the benefits of biofuels over gasoline and diesel, they have a number of drawbacks, 

although the overall impacts of biofuels are superior than conventional gasoline and diesel. 

Many nations, such as India, Brazil, and Indonesia, are involved in the production of biofuels. 

Engines benefit from the usage of biofuels because the lubricating properties of biofuels are 

improved. Biofuels primarily consist of biodiesel and bioethanol, which are generated by 

transesterification and fermentation processes, respectively. The ethanol yield can be raised by 

using different raw materials in the fermentation process, and the biodiesel output can be 

enhanced by changing the transesterification method. Biofuel yields can also be improved 

through molecular and genetic engineering approaches. Making genetic changes to the raw 

materials used in biofuel production can be beneficial. Microwave irradiations, ultrasounds, 

and other alternative methods have been developed for the generation of biofuels. In 

conclusion, biofuels can be a valuable approach to minimize reliance on non-renewable fossil 

fuels while also being environmentally friendly.[21,22] 

2.3 Biomass 

Biomass is one of the most widely used renewable energy source, and its use is growing due 

to worries about the devastating effects of fossil fuel usage, such as climate change and global 

warming, as well as their detrimental effects on human health.[23] As a result, the current 

article examines the many types of biomass accessible, as well as their chemical makeup and 

characteristics. Following that, several conversion technologies (thermochemical, biochemical, 
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and physicochemical conversions) and their associated products are examined and explained. 

The global position of biomass in comparison to other renewable energy is examined in the 

next section. Furthermore, biomass-derived energy generation was examined from both an 

economic and an environmental standpoint.[24] 

Figure 4. Flow chart of hydrogen production by biomass pyrolysis [25] 

 

 

 

 

 

 

 

 

 

 

At the moment, 2665 MW of power is generated, with 1666 MW coming from cogeneration. 

This study also discusses the many types of biomass in India. According to the report, India 

has a significant potential for bio mass feed supply from several sources. The Indian 

government implemented several policies and initiatives for biomass power generation. Such 

regulations have encompassed the whole biomass energy industry, including biogas, biodiesel, 

and other biofuels. [26] 

High carbohydrate and moisture content vegetable and fruit wastes are excellent candidates for 

biogas generation. Animal waste contains a lot of organic matter and a lot of bacteria, both of 

which are crucial in biogas generation. Kitchen trash, a high-nutritive organic material, is also 

ideal for biomethanation. Uneaten food and food preparation leftovers from various 

households, restaurants, school cafeterias, and other sources are included in the food waste. 

These carbohydrate-rich food wastes and wastewater from food industry are appropriate for 

biomethanation. [27] Distillery effluent has a high BOD and COD content, which makes it a 

good candidate for biomethanation. Biogas production from nutrient-rich poultry sector wastes 

is also a viable option. Industrial wastes can also be used to produce bio-methane. The 

carbohydrate-rich, readily biodegradable organic portion of municipal solid trash can be used 

to generate renewable energy. Biomethanation of biomass, either alone or in conjunction with 

other agro-industrial wastes, looks to be a potentially economically feasible solution for 

producing renewable energy while reducing pollution.[28] To address the drawbacks of 

biomass, further research and new technologies need be created. Agricultural wastes should be 

available; therefore, basic crops should be cultivated. Biomass crops should be produced on a 
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big scale. Biomass collection, harvesting, and storage technologies should be made more 

affordable. Biomass energy facilities should be able to use environmentally acceptable and safe 

exhaust gas cleaning technology. Biomass conversion initiatives should be supported in order 

to lower the cost of producing biomass-based fuels for renewable energy generation. [29] 

3. Synthesis of Alternate Fuels 

3.1 Hydrogen Production 

The technique of producing hydrogen from fossil fuels, which employs natural gas or coal as 

a feedstock, is well-known. Hydrogen is most often generated nowadays by steam reforming 

methane, although it may also be produced via partial or auto thermal oxidation or gasification. 

Biomass pyrolysis or gasification, as well as water electrolysis utilising VRES, are all examples 

of renewable energy production. [30] One of the most promising ways for creating clean 

hydrogen is water electrolysis. Efforts are being made to commercialise this technology, and 

although though it only accounts for 4% of present output, the future seems promising. 

Electrolysers are divided into groups based on the type of electrolyte they use. The most 

popular electrolysers are polymer electrolyte membrane (PEM) electrolysers, alkaline 

electrolysers, and solid oxide electrolysers (SOE). Electrolysers can produce hydrogen with a 

high purity (99.999 vol percent) and efficiency of 70 to 85 percent. The load factor of 

renewables and the efficiency of the electrolyser are the primary determinants of the process' 

efficiency. [31] Since the water is carbon-free and the technology has matured, the procedure's 

economic competitiveness is the final step before it can be widely deployed. Since energy is 

the major cost driver in electrolysis ($3/kg), these prices are now twice as expensive as those 

from natural gas reforming ($1.2-1.5/kg). However, if VRES has a greater penetration, this 

technology will be entirely competitive with steam reforming of fossil fuels. [32] This will be 

especially important in the future energy system, since there will be more electrical surpluses 

that may be used for electrolysis. Grid stability, output curtailment avoidance, and, most 

importantly, clean hydrogen generation would all be assured. Additionally, hydrogen may be 

produced directly from solar, nuclear, or industry waste heat. Because greater temperatures are 

necessary to generate hydrogen directly from solar energy, concentrated solar power (CSP) 

appears to be the best option. Even if further study is needed, production utilizing nuclear 

energy Table indicates the incorporation of waste heat for high-temperature electrolysis. [33] 

Table 2. Applications of hydrogen in industries [34] 

S.NO INDUSTRY APPLICATIONS 

 

01. Oil Refining • Removal of impurities 

 

02. Chemical factories • Production of chemicals 

• Used in manufacturing fertilizers like 

ammonia 

• Produce polymers 
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03. Food production • Converting sugar – polycols 

• Converting edible oils 

 

04. Plastics • Nylon synthesis 

• Recycling plastics 

 

05. Metals • Used as reducing agent in steel industries 

• O2 scavengers 

• Welding 

• Heat treatment processes 

 

06. Electronics • Vacuum tubes 

• Processing nuclear fuel 

• Heat bonding materials 

 

07. Glass manufacturing • Polishing 

• Few heat-treatment processes 

• Cutting torches 

 

3.2 Anaerobic Digestion 

Anaerobic digestion is a process that transforms biodegradable waste as useful biogas, 

primarily methane, via four stages of bio-metabolism. The four stages are hydrolysis, 

acidogenesis, acetogenesis and methanogenesis. [35] Anaerobic Digestion is the most efficient 

method of dealing with a biodegradable component of MSW, farm waste, food sector waste or 

sewage sludge. Even if the bottom step takes more study, the four-step approach may be used 

to multistage or single stage Anaerobic Digestion system. Complex relationships between 

numerous operational parameters, growth variables, system architecture, and reactor type 

influence the entire process. The feedstock type influences growth factors and operational 

parameters, as well as the system design and reactor type. [36] pH is strictly regulated 

throughout the procedure since it affects the bacteria's effectiveness and, as a result, the 

process's success rate. Nowadays, the majority of Anaerobic Digestion systems process 

different biodegradable wastes in a continuous single-stage manner. Despite the fact that 

anaerobic digestion is a complicated process with greater upfront and ongoing expenses, 

installation capacity has risen from 2 to 11 million tons in the previous two decades. [37] Since 

the creation of biodegradable waste is unavoidable, installed capacity are projected to rise even 

more, and Anaerobic digestion appears to be a viable waste management approach. However, 

more research should be focused on multi-stage Anaerobic Digestion, which can create high-

quality biogas, as well as cost reduction to reach economically feasible production. [38] 

3.3 Methanol Synthesis 

The use of light to drive or help chemical reactions and processes in order to produce cleaner 

methanol is a unique notion that is gaining traction in the scientific community. The ability to 
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synthesise methanol using solar energy, CO2, and water might lead to an economically viable 

technology capable of replacing fossil fuel-intensive sectors with sustainable alternatives. 

Light-assisted chemical products can be made in a variety of methods, including direct 

conversion of [39] CO2 and water via solar thermochemistry, photochemistry, or photo 

electrochemistry. Gasification of biomass feedstock to create syngas is another possible 

approach. Solar concentrators, when used in conjunction with complementary focusing 

components, increase the amount of sunlight that reaches the biomass gasification reactor. [40] 

The temperatures achieved should be sufficient to affect biomass gasification without the need 

of external heating (850 C). Solar-to-power technologies, such as ammonia, have low 

efficiency, which has a major influence on overall process efficiency. As a consequence, 

combining hydrogen from electrolysis with CCU technologies that take advantage of grid 

energy surpluses might be a viable option. Iceland's capital, Reykjavik, is a shining example of 

sustainable and environmentally friendly methanol production. [41] This industrial plant, 

which first opened in 2007, produces 4000 metric tonnes of methanol per year by collecting 

CO2 and H2 from the atmosphere. This translates to 5500 metric tonnes of CO2 being recycled 

each year. The facility's location allows it to create sustainable heat and energy using 

geothermal steam from the 75 MW power plant, while collected CO2 accounts for about 10% 

of total annual CO2 emissions. Electricity is primarily used to power alkaline water electrolysis 

to generate H2, which then lowers CO2 in the presence of a catalyst in a process running at 

250 C and 5–10 MPa. [42] 

3.4 Fuel Blend Pyrolysis for Biofuel 

Pyrolysis is a thermochemical conversion process that involves heat breakdown without the 

need of oxygen. Carbonized residue, liquids, and gases are examples of derived products. 

Pyrolysis has recently been touted as a viable method for converting waste materials into useful 

fuels and chemicals. While higher manufacturing costs aren't an issue for this use, more cost 

savings are predicted if they're to be utilised as a fuel. In addition, the introduction of new fuels 

demands modifications to current usage technologies. Product yield is influenced by operating 

conditions and feedstock type, and finished products are usually refined before being used. 

Bio-oils, for example, have lower heating values and become unstable at higher temperatures, 

but pyrolysis gases might include a lot of CO2. Recent scientific endeavours have focused on 

converting biomass feedstock into useful fuels and chemicals. Pyrolysis of waste materials 

such as sawdust, agricultural waste, various straws, energy crops, and other items is fascinating. 

[43] Despite the fact that pyrolysis has the potential to significantly enhance biomass 

properties, further research is needed to increase heating value, viscosity, acidity, and thermal 

stability. It's possible that the synergistic effect that occurs when biomass and waste plastics 

are co-pyrolyzed is fascinating. Plastic has a significant amount of carbon and hydrogen, as 

well as a heating value equivalent to that of fossil fuels. In addition, a lack of oxygen or a low 

proportion of oxygen in the elemental composition reduces the synthesis of oxygenated 

molecules, which is a key drawback of biofuels. Co-pyrolysis has been proven in several 

studies to enhance bio-oil properties such as heating value, thermal stability, and viscosity. 

Chemical and mechanical recycling of plastics is expensive, and in some cases impossible. 
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Because chemical and mechanical recycling of plastics is expensive, if not impossible in some 

situations, co-pyrolysis looks to be a viable waste management option. Other non-recyclable 

wastes, such as sewage sludge (SS), food waste, municipal solid waste (MSW), rubbers, and 

so on, can also be co-pyrolyzed with biomass. Despite the fact that research has shown that the 

co-pyrolysis process improves product characteristics significantly, additional work has to be 

done to minimize the production of different contaminants that limit immediate use. [44,45] 

4. Results & Discussion 

Currently, there are several barriers to expanding the use of alternative fuels. To begin with, 

alternative fuels find it difficult to compete on price due to the ample supply of fossil fuels. In 

the case of biofuels and waste fuels, quality standards are the most important consideration; 

lower heating value, higher acidity, thermal stability, and other characteristics limit the use of 

currently commercially available biofuels. However, research in this field has been ongoing 

for some time, and the continuous development of produced fuels suggests that the future 

importance of such fuel is unquestionable. Although they are mainly produced for industrial 

purposes, certain chemicals (H2, NH3, and alcohol-derived fuels, for example) have a well-

known production method. While higher manufacturing costs aren't an issue for this use, more 

cost savings are predicted if they're to be utilised as a fuel. In addition, the introduction of new 

fuels demands modifications to current usage technologies. Figure 5, shows the various 

applications of alternate fuels in industries. [46] 

 

Figure 5. Applications of various alternative fuels [47] 

 

While biofuels and alcohol-derived fuels may be utilised in contemporary IC engines with just 

minor modifications, hydrogen and ammonia need the development of new technologies or 

significant alterations. Despite the fact that additional work is needed to optimise operating 

parameters and improve efficiency, fuel cells built for hydrogen usage have a bright future in 

both fixed and portable applications. Manufacturing, which must transition to more 

ecologically friendly and sustainable techniques, is the final hurdle to a widespread usage of 

alternative fuels.[48] This generally includes utilising discarded agricultural and industrial 

biomass leftovers to generate high-quality, clean fuels in the case of biofuels. Simultaneously, 

synthetic fuel production must shift to new technologies that do not require fossil fuels as a 
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feedstock in order to achieve carbon neutrality. Furthermore, VRES should be coupled with 

alternative fuel synthesis to allow for wider penetration into the energy system while decreasing 

the carbon footprint of produced fuels. [49] Following figure 6, shows the production of 

ammonia from renewable and non-renewable resources. 

Figure 6. Ammonia synthesis using (a)non-renewable resources and (b) renewable resources 

[50] 

 

The direct use of solar energy for fuel synthesis in research is a significant trend. The major 

advantage of solar energy generation is that it does not require an external energy source. The 

poor conversion efficiency of solar energy, however, has a substantial influence on total 

process efficiency, making solar manufacturing commercially uncompetitive. Furthermore, 

significant research efforts are done to bring to market technologies that can operate in a 

flexible manner.[51] This is especially true for electrolysis and carbon capture technologies, 

which supply crucial feedstock (H2 and CO2) for alternative fuel generation. Combining these 

technologies with VRES would result in cheaper production costs, fewer power curtailments, 

and greater grid stability, among other benefits. When it comes to thermochemical conversion 

technologies for alternative fuel production, a lot of effort is invested into research in order to 

scale up and commercialise these processes[52]. Pyrolysis and gasification are particularly 

fascinating because they have the potential to convert a wide range of waste materials into 

valuable fuels or chemicals. The focus of research has recently shifted to enhancing biofuel 

properties by co-pyrolysis or co-gasification with high-calorie waste sources (i.e. end-of-life 

plastics). Not just for fuel generation, but also for waste management, this is critical.  [53] 

5. Conclusion 

In a future decarbonized energy system, alternative fuels will be unavoidable. Alternative fuels 

are also critical for decarbonizing the transportation and manufacturing sectors, where 

electricity has a considerably smaller impact or is not appropriate as a replacement. The authors' 

major objective in this review is to highlight existing possible alternative fuels and their uses, 

as well as potential alternative manufacturing pathways. The conclusions that follows are 

taken. 

• Biofuels, notably biodiesel and solid biomass, are now the only commercially available 

alternatives for transportation and industry. Because their usage is expected to increase 

significantly in the future, new methods for attaining sustainability must be developed. 
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Pyrolysis or gasification of raw feedstock, as well as anaerobic digestion of biodegradable 

waste, appear to be promising possibilities that merit further research. Waste management 

may also be effectively integrated into the production of better biofuels, solving 

environmental concerns while simultaneously improving biofuel characteristics. 

• Alternative fuels like hydrogen and ammonia have been tested for a number of uses. 

Hydrogen has a high energy density, making it a feasible option for high-temperature 

industrial processes or transportation. However, because hydrogen is regularly used for 

other purposes, only a small quantity would be available for fuel uses. Furthermore, 

increasing hydrogen deployment necessitates the construction of a new distribution 

network, which is a considerable drawback. 

Ammonia, on the other hand, has a reduced heating value, a slew of safety issues, and poor 

combustion properties. As a result, ammonia looks to have little promise as an alternative 

fuel. Ammonia, on the other hand, has a high hydrogen gravimetric density and may be 

used as an energy transporter or storage since distribution is not an issue. 

• Fuels made from alcohol have been around for a long time. Commercial usage on a wider 

scale, on the other hand, is improbable. Furthermore, lower heating values, which signal a 

larger fuel input, necessitate further modifications or the development of specialist IC 

engines in order to achieve higher efficiencies. However, such fuels offer fascinating 

characteristics when mixed with other fuels, particularly in terms of reducing pollutant 

emissions. Furthermore, as the simplest alcohol, methanol has been successfully examined 

for marine usage, with encouraging findings in terms of engine performance and pollution 

reduction. 

• Expect a higher deployment of alternative fuels once cost-competitive manufacturing is 

established. Despite the fact that strategic opposition may have a significant influence, the 

price of produced fuels should ultimately be equivalent to traditional fuels. Because there 

would be longer periods of excess power output, which could be used to synthesis 

alternative energy, higher VRES penetration would allow for this cost reduction. At the 

same time, because the created alternative fuels may be used as energy storage, intermittent 

renewable energy sources might be used to a greater extent. 

6. References 

[1]. Ahmet Aktas, Yağmur Kırçiçek “A novel optimal energy management strategy for 

offshore wind/marine current/battery/ultracapacitor hybrid renewable energy system”, 

Energy, Volume 199, 15 May 2020, 117425 

[2]. Hrvoje Mikulčic, Iva Ridjan Skov, Dominik Franjo Dominkovic, Sharifah Rafidah Wan 

Alwi, Zainuddin Abdul Manan, Raymond Tan, Neven Duic, Siti Nur Hidayah Mohamad, 

Xuebin Wang “Flexible Carbon Capture and Utilization technologies in future energy 

systems and the utilization pathways of captured CO2”, Renewable and Sustainable 

Energy Reviews, Volume 114, October 2019, 109338 

[3]. “The role of renewables in the energy crisis”, E3S Web of Conferences 2:02003, March 

2014 

[4]. Vertika Shukla,Narendra Kumar “Environmental Concerns and Sustainable 

Development”, Volume 2: Biodiversity, Soil and Waste Management, 2020 

https://www.sciencedirect.com/science/article/abs/pii/S0360544220305326?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360544220305326?via%3Dihub#!
https://www.sciencedirect.com/science/journal/03605442
https://www.sciencedirect.com/science/journal/03605442/199/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119305465?via%3Dihub#!
https://www.sciencedirect.com/author/55215836800/xuebin-wang
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/114/supp/C


Review on Alternate Fuels: Need for Cleaner Fuels to Meet Future Energy Demands 

 

817 
 

[5]. Aiguo Wang, Danielle Austin, Hua Song “Investigations of thermochemical upgrading of 

biomass and its model compounds: Opportunities for methane utilization”, Fuel, Volume 

246, 15 June 2019, Pages 443-453 

[6]. Meng Wang, Raf. Dewil, Kyriakos Maniatis, John Wheeldon, Tianwei Tan, Jan Baeyens, 

Yunming Fang “Biomass-derived aviation fuels: Challenges and perspective”, Progress 

in Energy and Combustion Science, Volume 74, September 2019, Pages 31-49 

[7]. Dilpreet S. Bajwa, Tyler Peterson, Neeta Sharma, Jamileh Shojaeiarani, Sreekala G.Bajwa 

“A review of densified solid biomass for energy production”, Renewable and Sustainable 

Energy Reviews, Volume 96, November 2018, Pages 296-305 

[8]. Dolf Gielen, Francisco Boshell, Deger Saygin, Morgan D.Bazilian, Nicholas Wagner, 

Ricardo Gorini “The role of renewable energy in the global energy transformation”, 

Energy Strategy Reviews, Volume 24, April 2019, Pages 38-50 

[9]. H.Hassan, J.K.Lim, B.H.Hameed “Recent progress on biomass co-pyrolysis conversion 

into high-quality bio-oil”, Bioresource Technology, Volume 221, December 2016, Pages 

645-655 

[10]. Abdalla M. Abdalla, Shahzad Hossain, Ozzan B. Nisfindy Atia T.Azad Mohamed 

Dawood Abul K. Azad “Hydrogen production, storage, transportation and key challenges 

with applications: A review”, Energy Conversion and Management, Volume 165, 1 June 

2018, Pages 602-627 

[11]. Şiir Kılkış, Goran Krajačic, Neven Duic, Marc A.Rosen, Moh'd Ahmad Al-Nimr 

“Advancements in sustainable development of energy, water and environment systems”, 

Energy Conversion and Management, Volume 176, 15 November 2018, Pages 164-183 

[12]. Reiser, A., Bogdanović, B., Schlichte, K. “Application of Mg-based metal-hydrides as 

heat energy storage systems”, International Journal of Hydrogen Energy, Volume 25, 

2000 

[13]. Samir Kumar Khanal, Wen-Hsing Chen, Ling Li, Shihwu Sung “Biological hydrogen 

production: effects of pH and intermediate products”, International Journal of Hydrogen 

Energy, Volume 29, Issue 11, September 2004, Pages 1123-1131 

[14]. Yoshiyuki Ueno, Seiji Otsuka, Masayoshi Morimoto “Hydrogen production from 

industrial wastewater by anaerobic microflora in chemostat culture”,  

Journal of Fermentation and Bioengineering, Volume 82, Issue 2, 1996, Pages 194-197 

[15]. “Document details - Hydrogen production from sucrose using an anaerobic sequencing 

batch reactor process”, Journal of Chemical Technology and Biotechnology, Volume 78, 

Issue 6, 1 June 2003, Pages 678-684 

[16]. Pavlos Nikolaidis, Andreas Poullikkas “A comparative overview of hydrogen production 

processes”, Renewable and Sustainable Energy Reviews, Volume 67, January 2017, 

Pages 597-611 

[17]. Mohamed E. Mostafa, Song Hu, Yi Wang, Sheng Su, Xun Hu, Saad A. Elsayed, Jun 

Xiang “The significance of pelletization operating conditions: An analysis of physical 

and mechanical characteristics as well as energy consumption of biomass pellets”, 

Renewable and Sustainable Energy Reviews, Volume 105, May 2019, Pages 332-348 

[18]. Ravinder Kumar, Vladimir Strezov, Emma Lovell, Tao Kan, Haftom Weldekidan, Jing 

He, Behnam Dastjerdi, Jason Scott “Bio-oil upgrading with catalytic pyrolysis of biomass 

using Copper/zeolite-Nickel/zeolite and Copper-Nickel/zeolite catalysts”, Bioresource 

Technology, Volume 279, May 2019, Pages 404-409 

[19]. S. S. Sawant, B. D. Gajbhiye, C. S. Mathpati, Reena Panditand A. M. Lali “Microalgae 

as Sustainable Energy and Its Cultivation”, 2018 IOP Conf. Ser.: Mater. Sci. 

Eng. 360 012025 

https://www.sciencedirect.com/science/article/abs/pii/S0016236119303813?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0016236119303813?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0016236119303813?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00162361
https://www.sciencedirect.com/science/journal/00162361/246/supp/C
https://www.sciencedirect.com/science/journal/00162361/246/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0360128518301527?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360128518301527?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360128518301527?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360128518301527?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360128518301527?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360128518301527?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360128518301527?via%3Dihub#!
https://www.sciencedirect.com/science/journal/03601285
https://www.sciencedirect.com/science/journal/03601285
https://www.sciencedirect.com/science/journal/03601285/74/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S1364032118305483?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032118305483?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032118305483?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032118305483?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032118305483?via%3Dihub#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/96/supp/C
https://www.sciencedirect.com/science/article/pii/S2211467X19300082#!
https://www.sciencedirect.com/science/article/pii/S2211467X19300082#!
https://www.sciencedirect.com/science/article/pii/S2211467X19300082#!
https://www.sciencedirect.com/author/6602946223/morgan-d-bazilian
https://www.sciencedirect.com/science/article/pii/S2211467X19300082#!
https://www.sciencedirect.com/science/journal/2211467X
https://www.sciencedirect.com/science/journal/2211467X/24/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0960852416312810?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852416312810?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852416312810?via%3Dihub#!
https://www.sciencedirect.com/science/journal/09608524
https://www.sciencedirect.com/science/journal/09608524/221/supp/C
https://www.sciencedirect.com/science/article/pii/S0196890418303170?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0196890418303170?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0196890418303170?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0196890418303170?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0196890418303170?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0196890418303170?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0196890418303170?via%3Dihub#!
https://www.sciencedirect.com/science/journal/01968904
https://www.sciencedirect.com/science/journal/01968904/165/supp/C
https://www.sciencedirect.com/science/article/pii/S0196890418310100#!
https://www.sciencedirect.com/science/article/pii/S0196890418310100#!
https://www.sciencedirect.com/science/article/pii/S0196890418310100#!
https://www.sciencedirect.com/science/article/pii/S0196890418310100#!
https://www.sciencedirect.com/science/article/pii/S0196890418310100#!
https://www.sciencedirect.com/science/journal/01968904
https://www.sciencedirect.com/science/journal/01968904/176/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0360319903003252#!
https://www.sciencedirect.com/science/article/abs/pii/S0360319903003252#!
https://www.sciencedirect.com/science/article/abs/pii/S0360319903003252#!
https://www.sciencedirect.com/science/article/abs/pii/S0360319903003252#!
https://www.sciencedirect.com/science/journal/03603199
https://www.sciencedirect.com/science/journal/03603199
https://www.sciencedirect.com/science/journal/03603199/29/11
https://www.sciencedirect.com/science/article/abs/pii/0922338X96850501#!
https://www.sciencedirect.com/science/article/abs/pii/0922338X96850501#!
https://www.sciencedirect.com/science/article/abs/pii/0922338X96850501#!
https://www.sciencedirect.com/science/journal/0922338X
https://www.sciencedirect.com/science/journal/0922338X
https://www.sciencedirect.com/science/journal/0922338X/82/2
https://www.sciencedirect.com/science/article/abs/pii/S1364032116305366#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032116305366#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/67/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S1364032119300772?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119300772?via%3Dihub#!
https://www.sciencedirect.com/author/54929772200/yi-wang
https://www.sciencedirect.com/science/article/abs/pii/S1364032119300772?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119300772?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119300772?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119300772?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119300772?via%3Dihub#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/105/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0960852419300872?via%3Dihub#!
https://www.sciencedirect.com/science/journal/09608524
https://www.sciencedirect.com/science/journal/09608524
https://www.sciencedirect.com/science/journal/09608524/279/supp/C


Nagulash Rahul B, R.V.Nanditta 

818 
 

[20]. Tibor Bešenić, Hrvoje Mikulčić, Milan Vujanović, Neven Duić “Numerical modelling of 

emissions of nitrogen oxides in solid fuel combustion”, Journal of Environmental 

Management, Volume 215, 1 June 2018, Pages 177-184 

[21]. Dadi V. Suriapparao, Bhanupriya Boruah, Dharavath Raja, R.Vinu “Microwave assisted 

co-pyrolysis of biomasses with polypropylene and polystyrene for high quality bio-oil 

production”, Fuel Processing Technology, Volume 175, 15 June 2018, Pages 64-75 

[22]. Tao Kan, Vladimir Strezov, Tim Evans “Fuel production from pyrolysis of natural and 

synthetic rubbers”, Fuel, Volume 191, 1 March 2017, Pages 403-410 

[23]. S.M. Al-Salem, A. Antelava A. Constantinou, G. Manos A. Dutta “A review on thermal 

and catalytic pyrolysis of plastic solid waste (PSW)”, Journal of Environmental 

Management, Volume 197, 15 July 2017, Pages 177-198 

 [24]. Ayhan Demirbaş “Gaseous products from biomass by pyrolysis and gasification: effects 

of catalyst on hydrogen yield”, Energy Conversion and Management, Volume 43, Issue 

7, May 2002, Pages 897-909 

[25]. Evans R et al. Hydrogen from biomass – catalytic reforming of pyrolysis vapours. Hydrog 

Fuel Cells Infrastruct Technol; 2003. p. 1–4 

[26]. [Krumpelt M, Krause TR, Carter JD, Kopasz JP, Ahmed S. Fuel processing for fuel cell 

systems in transportation and portable power applications. Catal Today 2002;77(1–2):3–

16.  

[27]. Ehsan S, Wahid MA. Hydrogen production from renewable and sustainable energy 

resources : Promising green energy carrier for clean development. Renew Sustain Energy 

Rev 2016;57:850–66.  

[28]. Demirbaş A. Biomass resource facilities and biomass conversion processing for fuels and 

chemicals. Energy Convers Manage 2001;42(11):1357–78.  

[29]. Liu S, Zhu J, Chen M, Xin W, Yang Z, Kong L. Hydrogen production via catalytic 

pyrolysis of biomass in a two-stage fixed bed reactor system. Int J Hydrogen Energy 

2014;39(25):13128–35. 

[30]. Stern AG, Stern AG. A new sustainable hydrogen clean energy paradigm. Int J Hydrogen 

Energy 2018:1–12.  

[31]. Burhan M, Shahzad MW, Choon NK. Hydrogen at the Rooftop: compact CPV-hydrogen 

system to convert sunlight to hydrogen. Appl Therm Eng 2017 

[32]. Graetz J, Vajo JJ. Controlled hydrogen release from metastable hydrides. J Alloys Compd 

2018;743:691–6.  

[33]. Ivancic TM, et al. Discovery of a new Al species in hydrogen reactions of NaAlH4. J 

Phys Chem Lett 2010;1(15):2412–6. 

[34]. Abdalla M. Abdalla et al “Hydrogen production, storage, transportation and key 

challenges with applications: A review”, Energy Conversion and Management, 2018 

[35]. Javier Farfan, Alena Lohrmann, Christian Breyer “Integration of greenhouse agriculture 

to the energy infrastructure as an alimentary solution”, Renewable and Sustainable 

Energy Reviews, Volume 110, August 2019, Pages 368-377 

[36]. Eilhann E.Kwon, Jeong-IkOh, Ki-Hyun Kim “Polycyclic aromatic hydrocarbons (PAHs) 

and volatile organic compounds (VOCs) mitigation in the pyrolysis process of waste tires 

using CO2 as a reaction medium”, Journal of Environmental Management, Volume 

160, 1 September 2015, Pages 306-311 

[37]. Andrea Mazza, Ettore Bompard, Gianfranco Chicco “Applications of power to gas 

technologies in emerging electrical systems”, Renewable and Sustainable Energy 

Reviews, Volume 92, September 2018, Pages 794-806 

[38]. Herib Blanco, André Faaij “A review at the role of storage in energy systems with a focus 

on Power to Gas and long-term storage”, Renewable and Sustainable Energy Reviews, 

Volume 81, Part 1, January 2018, Pages 1049-1086 

https://www.sciencedirect.com/science/article/pii/S0301479718302378?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479718302378?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479718302378?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479718302378?via%3Dihub#!
https://www.sciencedirect.com/science/journal/03014797
https://www.sciencedirect.com/science/journal/03014797
https://www.sciencedirect.com/science/journal/03014797/215/supp/C
https://www.sciencedirect.com/science/article/pii/S037838201731994X?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S037838201731994X?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S037838201731994X?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S037838201731994X?via%3Dihub#!
https://www.sciencedirect.com/science/journal/03783820
https://www.sciencedirect.com/science/journal/03783820/175/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0016236116312091?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0016236116312091?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0016236116312091?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00162361
https://www.sciencedirect.com/science/journal/00162361/191/supp/C
https://www.sciencedirect.com/science/article/pii/S0301479717302992?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479717302992?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479717302992?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479717302992?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479717302992?via%3Dihub#!
https://www.sciencedirect.com/science/journal/03014797
https://www.sciencedirect.com/science/journal/03014797
https://www.sciencedirect.com/science/journal/03014797/197/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0196890401000802#!
https://www.sciencedirect.com/science/journal/01968904
https://www.sciencedirect.com/science/journal/01968904/43/7
https://www.sciencedirect.com/science/journal/01968904/43/7
https://www.sciencedirect.com/science/article/abs/pii/S1364032119303053?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119303053?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1364032119303053?via%3Dihub#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/110/supp/C
https://www.sciencedirect.com/science/article/pii/S0301479715301249?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0301479715301249?via%3Dihub#!
https://www.sciencedirect.com/author/56962774000/ki-hyun-kim
https://www.sciencedirect.com/science/journal/03014797
https://www.sciencedirect.com/science/journal/03014797/160/supp/C
https://www.sciencedirect.com/science/journal/03014797/160/supp/C
https://www.sciencedirect.com/science/article/pii/S1364032118303083?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1364032118303083?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1364032118303083?via%3Dihub#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/92/supp/C
https://www.sciencedirect.com/science/article/pii/S1364032117311310#!
https://www.sciencedirect.com/science/article/pii/S1364032117311310#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/81/part/P1


Review on Alternate Fuels: Need for Cleaner Fuels to Meet Future Energy Demands 

 

819 
 

[39]. Joachim Thrane, Sebastian Kuld, Niels Dyreborg Nielsen, Jakob Munkholt Christensen 

“Methanol‐Assisted Autocatalysis in Catalytic Methanol Synthesis”, Angewandte 

Chemie 132(41), June 2020 

[40]. Quirina Isabella Roode-Gutzmer, Doreen Kaiser, Martin Bertau “Renewable Methanol 

Synthesis”, ChemBioEng Reviews 6(6):209-236, December 2019 

[41]. Markus Kaiser, T. Schuhmann, Sebastian Werner, Hannsjörg Freund “Multilevel reactor 

design for methanol synthesis”, Chemie Ingenieur Technik 92(9):1181-1181, September 

2020 

[42]. Jasmin Terreni, Matthias Trottmann, Tanja Franken, Andreas Borgschulte “Sorption 

Enhanced Methanol Synthesis”, Energy Technology 7(4), February 2019 

[43]. Liansheng Liu, Xinyi Zhang, Rongxuan Zhao “Pyrolysis of Phragmites hirsuta study on 

pyrolysis characteristics, kinetic and thermodynamic analyses”, International Journal of 

Energy Research, April 2021 

[44]. Guan-Yi Chen, Meng-Xiang Fang, J Andries “Kinetics study on biomass pyrolysis for 

fuel gas production”, Journal of Zhejiang University SCIENCE 4(4):441-7, July 2003 

[45]. Robert W. Nachenius, Frederik Ronsse, Robbie Venderbosch, W. Prins, “Biomass 

Pyrolysis”, Advances in Chemical Engineering, Volume 42, Chapter: Biomass Pyrolysis, 

December 2013 

[46]. Zahra Shahi, Mohammad Khajeh Mehrizi, “Biofuel Production Technologies, Comparing 

the Biofuels and Fossil Fuels”, Bioenergy Research: Revisiting Latest Development, 

March 2021 

[47]. Stancin , H. Mikulcic, X. Wang b, N. Duic “A review on alternative fuels in future energy 

system H.”, Renewable and Sustainable Energy Reviews (128), 2020  

[48]. R.V. Nanditta et al “Performance and emission characteristics of CI engine fuelled with 

turpentine oil-diesel blend with diethyl ether as additives”, IOP Conference Series 

Materials Science and Engineering 912:042075, September 2020 

[49]. Zahra Shahi, Mohammad Khajeh Mehrizi, “Biofuel Production Technologies, Comparing 

the Biofuels and Fossil Fuels”, Bioenergy Research: Revisiting Latest Development, 

March 2021 

[50]. S. Giddey, S. P. S. Badwal, C. Munnings, and M. Dolan “Ammonia as a Renewable 

Energy Transportation Media”, ACS Sustainable Chem. Eng. 2017, 5, 11, 10231–10239, 

September 2017 

[51]. Kevin Hendrik Reindert Rouwenhorst, “Ammonia Production Technologies”, Techno-

Economic Challenges of Green Ammonia as an Energy Vector, October 2020 

[52]. Michael Hilgers, Wilfried Achenbach, “Alternative Fuels”, Alternative Powertrains and 

Extensions to the Conventional Powertrain, February 2021 

[53]. Daniele Fabbri, Yunchao Li, Shurong Wang, “Biomass Processing via Pyrolysis”, 

Biomass Valorization, June 2021 

https://www.researchgate.net/profile/Joachim-Thrane?_sg%5B0%5D=40tbZBouIIpqMN1Aq2FAwwoetOg9Sr7FzW0cPJEnb7dKcWLr6ywBVLe_kXz7AaKHwmshYCo.hDm6SYt4YOR9Amh7FDWdS1hNMUri_xoRd8bTsd4ZqXVdl6pwa_rbB5hrO0LiQVITYmVF7LZuEf23CaO_6Vly0Q&_sg%5B1%5D=ZXRNyFJZFr0mwlmJq7hdFQyqsHgoQXgxCo6UwxTY9kwjoCpZTWGfXBL0a4deXfzKhLIGnms.WEZG4r6i6in7KO9cVEA3NS9DKepRJRPTmJmK_ggGFHtrEmyi3pqqMyxzX5_datTX1XUVtx52bn8oNs_FYMhANg
https://www.researchgate.net/scientific-contributions/Sebastian-Kuld-2047884625?_sg%5B0%5D=40tbZBouIIpqMN1Aq2FAwwoetOg9Sr7FzW0cPJEnb7dKcWLr6ywBVLe_kXz7AaKHwmshYCo.hDm6SYt4YOR9Amh7FDWdS1hNMUri_xoRd8bTsd4ZqXVdl6pwa_rbB5hrO0LiQVITYmVF7LZuEf23CaO_6Vly0Q&_sg%5B1%5D=ZXRNyFJZFr0mwlmJq7hdFQyqsHgoQXgxCo6UwxTY9kwjoCpZTWGfXBL0a4deXfzKhLIGnms.WEZG4r6i6in7KO9cVEA3NS9DKepRJRPTmJmK_ggGFHtrEmyi3pqqMyxzX5_datTX1XUVtx52bn8oNs_FYMhANg
https://www.researchgate.net/scientific-contributions/Niels-D-Nielsen-2166542673?_sg%5B0%5D=40tbZBouIIpqMN1Aq2FAwwoetOg9Sr7FzW0cPJEnb7dKcWLr6ywBVLe_kXz7AaKHwmshYCo.hDm6SYt4YOR9Amh7FDWdS1hNMUri_xoRd8bTsd4ZqXVdl6pwa_rbB5hrO0LiQVITYmVF7LZuEf23CaO_6Vly0Q&_sg%5B1%5D=ZXRNyFJZFr0mwlmJq7hdFQyqsHgoQXgxCo6UwxTY9kwjoCpZTWGfXBL0a4deXfzKhLIGnms.WEZG4r6i6in7KO9cVEA3NS9DKepRJRPTmJmK_ggGFHtrEmyi3pqqMyxzX5_datTX1XUVtx52bn8oNs_FYMhANg
https://www.researchgate.net/scientific-contributions/Jakob-Munkholt-Christensen-2109218494?_sg%5B0%5D=40tbZBouIIpqMN1Aq2FAwwoetOg9Sr7FzW0cPJEnb7dKcWLr6ywBVLe_kXz7AaKHwmshYCo.hDm6SYt4YOR9Amh7FDWdS1hNMUri_xoRd8bTsd4ZqXVdl6pwa_rbB5hrO0LiQVITYmVF7LZuEf23CaO_6Vly0Q&_sg%5B1%5D=ZXRNyFJZFr0mwlmJq7hdFQyqsHgoQXgxCo6UwxTY9kwjoCpZTWGfXBL0a4deXfzKhLIGnms.WEZG4r6i6in7KO9cVEA3NS9DKepRJRPTmJmK_ggGFHtrEmyi3pqqMyxzX5_datTX1XUVtx52bn8oNs_FYMhANg
https://www.researchgate.net/profile/Quirina-Roode-Gutzmer?_sg%5B0%5D=ySivtTGPWhhIAPev8PFXeHbpYsD88U4BLgmrbXMz3RVV-E8xYyTxsbnHEZpjVc66ViY7bxk.5sQmk7lImh1wlithCXlPONqcPiEtEDVJTIkFJlfBR3FLgSzpEcf5MJNKTMfKiymqj94_CW7x6kVNVcB-IILgLQ&_sg%5B1%5D=DEUbZZ5T3lc32rSkcCSDBWZT5vMZ--3EZkZi-ldI2VSnjmQnCPEAX0qIL_rIChbSz83ivUg.KJALLZ9yRBR71XvoZBtN_sQ_yMdms83zApzSa1ZQJVq4h28lN3mixoa9myBbRngc9Xu0PrLwuKZMfKUIQUMxxA
https://www.researchgate.net/profile/Doreen-Kaiser?_sg%5B0%5D=ySivtTGPWhhIAPev8PFXeHbpYsD88U4BLgmrbXMz3RVV-E8xYyTxsbnHEZpjVc66ViY7bxk.5sQmk7lImh1wlithCXlPONqcPiEtEDVJTIkFJlfBR3FLgSzpEcf5MJNKTMfKiymqj94_CW7x6kVNVcB-IILgLQ&_sg%5B1%5D=DEUbZZ5T3lc32rSkcCSDBWZT5vMZ--3EZkZi-ldI2VSnjmQnCPEAX0qIL_rIChbSz83ivUg.KJALLZ9yRBR71XvoZBtN_sQ_yMdms83zApzSa1ZQJVq4h28lN3mixoa9myBbRngc9Xu0PrLwuKZMfKUIQUMxxA
https://www.researchgate.net/profile/Martin-Bertau?_sg%5B0%5D=ySivtTGPWhhIAPev8PFXeHbpYsD88U4BLgmrbXMz3RVV-E8xYyTxsbnHEZpjVc66ViY7bxk.5sQmk7lImh1wlithCXlPONqcPiEtEDVJTIkFJlfBR3FLgSzpEcf5MJNKTMfKiymqj94_CW7x6kVNVcB-IILgLQ&_sg%5B1%5D=DEUbZZ5T3lc32rSkcCSDBWZT5vMZ--3EZkZi-ldI2VSnjmQnCPEAX0qIL_rIChbSz83ivUg.KJALLZ9yRBR71XvoZBtN_sQ_yMdms83zApzSa1ZQJVq4h28lN3mixoa9myBbRngc9Xu0PrLwuKZMfKUIQUMxxA
https://www.researchgate.net/profile/Markus-Kaiser-10?_sg%5B0%5D=pb5cjOFMO01Xa9n7RqhX3jMoTNCrSN6nl26kVM39vXsA37WBboQqyinX1B0QXEEItOcB_CU.LRvVslnzU1HUiFw73TLebOsSjaOkVeNTRyhwDw9gz8k1wQEKUqSgz3vDekR-xAZI5JVYMpGNmjoBlYVeUKZi_w&_sg%5B1%5D=yg7bM8GKHmvPP1x_CQlXm3dAZCU-vwy7Y8dqIpDE8J28Nqfqf1jHD4cZpyY_7r1129Vz4Lw.IIAunPV5WmStuxUzfReeq8c5qntoVxG7H1RRV9DUYKav22o3XS9bfnKa4esa9oQl5xItrYiNKmNip3Nz_HqzJg
https://www.researchgate.net/scientific-contributions/T-Schuhmann-2179889503?_sg%5B0%5D=pb5cjOFMO01Xa9n7RqhX3jMoTNCrSN6nl26kVM39vXsA37WBboQqyinX1B0QXEEItOcB_CU.LRvVslnzU1HUiFw73TLebOsSjaOkVeNTRyhwDw9gz8k1wQEKUqSgz3vDekR-xAZI5JVYMpGNmjoBlYVeUKZi_w&_sg%5B1%5D=yg7bM8GKHmvPP1x_CQlXm3dAZCU-vwy7Y8dqIpDE8J28Nqfqf1jHD4cZpyY_7r1129Vz4Lw.IIAunPV5WmStuxUzfReeq8c5qntoVxG7H1RRV9DUYKav22o3XS9bfnKa4esa9oQl5xItrYiNKmNip3Nz_HqzJg
https://www.researchgate.net/profile/Sebastian-Werner-5?_sg%5B0%5D=pb5cjOFMO01Xa9n7RqhX3jMoTNCrSN6nl26kVM39vXsA37WBboQqyinX1B0QXEEItOcB_CU.LRvVslnzU1HUiFw73TLebOsSjaOkVeNTRyhwDw9gz8k1wQEKUqSgz3vDekR-xAZI5JVYMpGNmjoBlYVeUKZi_w&_sg%5B1%5D=yg7bM8GKHmvPP1x_CQlXm3dAZCU-vwy7Y8dqIpDE8J28Nqfqf1jHD4cZpyY_7r1129Vz4Lw.IIAunPV5WmStuxUzfReeq8c5qntoVxG7H1RRV9DUYKav22o3XS9bfnKa4esa9oQl5xItrYiNKmNip3Nz_HqzJg
https://www.researchgate.net/profile/Hannsjoerg-Freund?_sg%5B0%5D=pb5cjOFMO01Xa9n7RqhX3jMoTNCrSN6nl26kVM39vXsA37WBboQqyinX1B0QXEEItOcB_CU.LRvVslnzU1HUiFw73TLebOsSjaOkVeNTRyhwDw9gz8k1wQEKUqSgz3vDekR-xAZI5JVYMpGNmjoBlYVeUKZi_w&_sg%5B1%5D=yg7bM8GKHmvPP1x_CQlXm3dAZCU-vwy7Y8dqIpDE8J28Nqfqf1jHD4cZpyY_7r1129Vz4Lw.IIAunPV5WmStuxUzfReeq8c5qntoVxG7H1RRV9DUYKav22o3XS9bfnKa4esa9oQl5xItrYiNKmNip3Nz_HqzJg
https://www.researchgate.net/profile/Jasmin-Terreni?_sg%5B0%5D=T1xOZJjmi6DMZmhteEVrkoonSi08Pr78-LIcbAmFsDb17AwP6vu6Z97nNnrPKs7GgAElMKA.3QVQV96lJlnmorn5OMA03z1NFsnJIE6Mcm0Tq9CGKNJOx-zzR7LWpdDp3kYjK7acw_YUb5Elp8FVO2wXSCtapg&_sg%5B1%5D=6NjvUZ7fJXjrI9TdaQq2T3dH_LbWR16T-4PuyzIN3tL_i5ZViDOdvY7uauu4gThU-VyEeaE.2T4En3dVaS2QeodWsu0K6hBs-Fu65EUyun-7a2as59toXlheeYj1yLI5upSM-7w4Vu-dIKQKIrDJPpsduTxv9g
https://www.researchgate.net/scientific-contributions/Matthias-Trottmann-2147492691?_sg%5B0%5D=T1xOZJjmi6DMZmhteEVrkoonSi08Pr78-LIcbAmFsDb17AwP6vu6Z97nNnrPKs7GgAElMKA.3QVQV96lJlnmorn5OMA03z1NFsnJIE6Mcm0Tq9CGKNJOx-zzR7LWpdDp3kYjK7acw_YUb5Elp8FVO2wXSCtapg&_sg%5B1%5D=6NjvUZ7fJXjrI9TdaQq2T3dH_LbWR16T-4PuyzIN3tL_i5ZViDOdvY7uauu4gThU-VyEeaE.2T4En3dVaS2QeodWsu0K6hBs-Fu65EUyun-7a2as59toXlheeYj1yLI5upSM-7w4Vu-dIKQKIrDJPpsduTxv9g
https://www.researchgate.net/profile/Tanja-Franken?_sg%5B0%5D=T1xOZJjmi6DMZmhteEVrkoonSi08Pr78-LIcbAmFsDb17AwP6vu6Z97nNnrPKs7GgAElMKA.3QVQV96lJlnmorn5OMA03z1NFsnJIE6Mcm0Tq9CGKNJOx-zzR7LWpdDp3kYjK7acw_YUb5Elp8FVO2wXSCtapg&_sg%5B1%5D=6NjvUZ7fJXjrI9TdaQq2T3dH_LbWR16T-4PuyzIN3tL_i5ZViDOdvY7uauu4gThU-VyEeaE.2T4En3dVaS2QeodWsu0K6hBs-Fu65EUyun-7a2as59toXlheeYj1yLI5upSM-7w4Vu-dIKQKIrDJPpsduTxv9g
https://www.researchgate.net/profile/Andreas-Borgschulte?_sg%5B0%5D=T1xOZJjmi6DMZmhteEVrkoonSi08Pr78-LIcbAmFsDb17AwP6vu6Z97nNnrPKs7GgAElMKA.3QVQV96lJlnmorn5OMA03z1NFsnJIE6Mcm0Tq9CGKNJOx-zzR7LWpdDp3kYjK7acw_YUb5Elp8FVO2wXSCtapg&_sg%5B1%5D=6NjvUZ7fJXjrI9TdaQq2T3dH_LbWR16T-4PuyzIN3tL_i5ZViDOdvY7uauu4gThU-VyEeaE.2T4En3dVaS2QeodWsu0K6hBs-Fu65EUyun-7a2as59toXlheeYj1yLI5upSM-7w4Vu-dIKQKIrDJPpsduTxv9g
https://www.researchgate.net/scientific-contributions/Liansheng-Liu-2062866841?_sg%5B0%5D=6GufKi-GyQCrxYXhThbDWtzgFk8AKyAPRkgvKsvxyT2sC3VKDPw72ixlCfHieLYJfImNV0g.T1BmH12JMp-PkMbO2fSgtkvHAElJehC81Uje-R6bzCQKRigFNn5Hdb315OzNzI-5tZHnaqpOh_d_5EKAP8RSiA&_sg%5B1%5D=5mqWQQbd_jDIfP3QsS0nf0sfQi8C3uPLlboqLqhyv7Y2GOEtssqNSHqbyd7ueXMpjjHXn-s.sft4qqlFAKwhr-yLuJzOP6-smD2HOID1jOVkeeZW7-ZjUBqSkv9zvdX731IjJ3KgrEw6nYjmDAX4qlJ4sQERgw
https://www.researchgate.net/scientific-contributions/Xinyi-Zhang-2193515603?_sg%5B0%5D=6GufKi-GyQCrxYXhThbDWtzgFk8AKyAPRkgvKsvxyT2sC3VKDPw72ixlCfHieLYJfImNV0g.T1BmH12JMp-PkMbO2fSgtkvHAElJehC81Uje-R6bzCQKRigFNn5Hdb315OzNzI-5tZHnaqpOh_d_5EKAP8RSiA&_sg%5B1%5D=5mqWQQbd_jDIfP3QsS0nf0sfQi8C3uPLlboqLqhyv7Y2GOEtssqNSHqbyd7ueXMpjjHXn-s.sft4qqlFAKwhr-yLuJzOP6-smD2HOID1jOVkeeZW7-ZjUBqSkv9zvdX731IjJ3KgrEw6nYjmDAX4qlJ4sQERgw
https://www.researchgate.net/scientific-contributions/Rongxuan-Zhao-2158831513?_sg%5B0%5D=6GufKi-GyQCrxYXhThbDWtzgFk8AKyAPRkgvKsvxyT2sC3VKDPw72ixlCfHieLYJfImNV0g.T1BmH12JMp-PkMbO2fSgtkvHAElJehC81Uje-R6bzCQKRigFNn5Hdb315OzNzI-5tZHnaqpOh_d_5EKAP8RSiA&_sg%5B1%5D=5mqWQQbd_jDIfP3QsS0nf0sfQi8C3uPLlboqLqhyv7Y2GOEtssqNSHqbyd7ueXMpjjHXn-s.sft4qqlFAKwhr-yLuJzOP6-smD2HOID1jOVkeeZW7-ZjUBqSkv9zvdX731IjJ3KgrEw6nYjmDAX4qlJ4sQERgw
https://www.researchgate.net/scientific-contributions/Guan-Yi-Chen-27509988?_sg%5B0%5D=TGFnrTPPFhWi_4RT2iwvE3Z_8r-3h7TGFW1M0Sxqk3U6GhuFHXpTwq7Z4dqXaqoQIx5SeAg.1mp5H-afUyl9nzv-xmaUej0QX_4RsRMlbi0xyyOWlmh8mI7E8AtBEtJGmviDzUgXuWz9sEDFdCeDqIoOlqnmgA&_sg%5B1%5D=NdJ1F_5lOXQZlEeDHMNy8QXK0rbfparhSNDGc--6mr_Fm0BCIIUaIUdXOnUUZvKLx6KQPPU.bxi3jKYWi7n46INiq4xASQ3nslTinEuOmo6eibLpT_Mnslw-lTjC9kbp9dlI2X5NOsFxwoOXA8sqLeuu6FDWKw
https://www.researchgate.net/scientific-contributions/Meng-Xiang-Fang-39982982?_sg%5B0%5D=TGFnrTPPFhWi_4RT2iwvE3Z_8r-3h7TGFW1M0Sxqk3U6GhuFHXpTwq7Z4dqXaqoQIx5SeAg.1mp5H-afUyl9nzv-xmaUej0QX_4RsRMlbi0xyyOWlmh8mI7E8AtBEtJGmviDzUgXuWz9sEDFdCeDqIoOlqnmgA&_sg%5B1%5D=NdJ1F_5lOXQZlEeDHMNy8QXK0rbfparhSNDGc--6mr_Fm0BCIIUaIUdXOnUUZvKLx6KQPPU.bxi3jKYWi7n46INiq4xASQ3nslTinEuOmo6eibLpT_Mnslw-lTjC9kbp9dlI2X5NOsFxwoOXA8sqLeuu6FDWKw
https://www.researchgate.net/scientific-contributions/J-Andries-34292907?_sg%5B0%5D=TGFnrTPPFhWi_4RT2iwvE3Z_8r-3h7TGFW1M0Sxqk3U6GhuFHXpTwq7Z4dqXaqoQIx5SeAg.1mp5H-afUyl9nzv-xmaUej0QX_4RsRMlbi0xyyOWlmh8mI7E8AtBEtJGmviDzUgXuWz9sEDFdCeDqIoOlqnmgA&_sg%5B1%5D=NdJ1F_5lOXQZlEeDHMNy8QXK0rbfparhSNDGc--6mr_Fm0BCIIUaIUdXOnUUZvKLx6KQPPU.bxi3jKYWi7n46INiq4xASQ3nslTinEuOmo6eibLpT_Mnslw-lTjC9kbp9dlI2X5NOsFxwoOXA8sqLeuu6FDWKw
https://www.researchgate.net/profile/Robert-Nachenius?_sg%5B0%5D=6YVNPFRE-9b6W81LuKQ6BbYvORqclFRgQvqlxFxAVDxN9k8nbOz5-d7vviV_Bhg2S32bKtE.zd1xr4RAUf4wbiYydSE3Pi4XKQxUOH9MbSmMY7SKveiTqptCAaCgDy2AIYruOufJVZHzzfJOGhEe9e8OCLmGCw&_sg%5B1%5D=HQtY_ytgNN4qNcvNe79_sQlZQv4q5QJQVaYnwXb94K1UmTjW8v2iPBg3hyyGXciPygt9ICU.BeU77VNL8abf32yIm1dd9h6kaphb-7nPgUBo1eF9dduXy-ofROgyBmasZdST9dkKj8zts-ZQHcVrgKA1RvAT0g
https://www.researchgate.net/profile/Frederik-Ronsse?_sg%5B0%5D=6YVNPFRE-9b6W81LuKQ6BbYvORqclFRgQvqlxFxAVDxN9k8nbOz5-d7vviV_Bhg2S32bKtE.zd1xr4RAUf4wbiYydSE3Pi4XKQxUOH9MbSmMY7SKveiTqptCAaCgDy2AIYruOufJVZHzzfJOGhEe9e8OCLmGCw&_sg%5B1%5D=HQtY_ytgNN4qNcvNe79_sQlZQv4q5QJQVaYnwXb94K1UmTjW8v2iPBg3hyyGXciPygt9ICU.BeU77VNL8abf32yIm1dd9h6kaphb-7nPgUBo1eF9dduXy-ofROgyBmasZdST9dkKj8zts-ZQHcVrgKA1RvAT0g
https://www.researchgate.net/profile/Robbie-Venderbosch?_sg%5B0%5D=6YVNPFRE-9b6W81LuKQ6BbYvORqclFRgQvqlxFxAVDxN9k8nbOz5-d7vviV_Bhg2S32bKtE.zd1xr4RAUf4wbiYydSE3Pi4XKQxUOH9MbSmMY7SKveiTqptCAaCgDy2AIYruOufJVZHzzfJOGhEe9e8OCLmGCw&_sg%5B1%5D=HQtY_ytgNN4qNcvNe79_sQlZQv4q5QJQVaYnwXb94K1UmTjW8v2iPBg3hyyGXciPygt9ICU.BeU77VNL8abf32yIm1dd9h6kaphb-7nPgUBo1eF9dduXy-ofROgyBmasZdST9dkKj8zts-ZQHcVrgKA1RvAT0g
https://www.researchgate.net/profile/W-Prins?_sg%5B0%5D=6YVNPFRE-9b6W81LuKQ6BbYvORqclFRgQvqlxFxAVDxN9k8nbOz5-d7vviV_Bhg2S32bKtE.zd1xr4RAUf4wbiYydSE3Pi4XKQxUOH9MbSmMY7SKveiTqptCAaCgDy2AIYruOufJVZHzzfJOGhEe9e8OCLmGCw&_sg%5B1%5D=HQtY_ytgNN4qNcvNe79_sQlZQv4q5QJQVaYnwXb94K1UmTjW8v2iPBg3hyyGXciPygt9ICU.BeU77VNL8abf32yIm1dd9h6kaphb-7nPgUBo1eF9dduXy-ofROgyBmasZdST9dkKj8zts-ZQHcVrgKA1RvAT0g
https://www.researchgate.net/scientific-contributions/Zahra-Shahi-2131785220?_sg%5B0%5D=9OcidPjhQEJ5Q_Za-_zx0OVvinHKOhyZhgSZNF9xLwQ6gJgC1azDXwc2sWt6qNP0WvI8yno.zsnhZ121YXBeUbdNjfGFB7XsMj2QvQ6NmNW0Z8YJDWBhZMpz7zQsu_Q3rXlDrqCkhR3ZqOvmvATsg-avH3YMpg&_sg%5B1%5D=Yif0WF8HmRjUICPCfMkQ2D4SmlRfHlqKsR4p9Fb0X7z2mSjgwVsd3lzmoNz7yNgzFUeM3VA.alKtE3jvW4YNMaR2ktbcSfAyxX7ZU0g5jCGmxSeQvk6An8XGeJ106YBlWaVA5WjkloKh0dsSWF0ETS5TtZek-Q
https://www.researchgate.net/scientific-contributions/Mohammad-Khajeh-Mehrizi-2191925395?_sg%5B0%5D=9OcidPjhQEJ5Q_Za-_zx0OVvinHKOhyZhgSZNF9xLwQ6gJgC1azDXwc2sWt6qNP0WvI8yno.zsnhZ121YXBeUbdNjfGFB7XsMj2QvQ6NmNW0Z8YJDWBhZMpz7zQsu_Q3rXlDrqCkhR3ZqOvmvATsg-avH3YMpg&_sg%5B1%5D=Yif0WF8HmRjUICPCfMkQ2D4SmlRfHlqKsR4p9Fb0X7z2mSjgwVsd3lzmoNz7yNgzFUeM3VA.alKtE3jvW4YNMaR2ktbcSfAyxX7ZU0g5jCGmxSeQvk6An8XGeJ106YBlWaVA5WjkloKh0dsSWF0ETS5TtZek-Q
https://www.researchgate.net/profile/Rv-Nanditta?_sg%5B0%5D=XR4wdBkMm7S1eE-NlBlR38DrouYVuZCXqxSQ89qeqRNLG9MA_30oEQ5dj5tTgotmgZ7mmY4.DEHdglYHCucOCEjKYes2-xQyzyU0wBTU49XpEAqy83-sMx6LKXVHw7aT3tizAVoRRke4f8al-HdVVrmEZJeOUQ&_sg%5B1%5D=M5YCmHs_nCkyM3wY2kbc5hAdvqF56QHpZpyY7QJXEXb2IP0H7tOT8vvOcIrzNI4pJblPK-g.pw6NJtxFX9ncHuqXlsBpyK1-iwh-0_52OTzJElzkgYP9FgQUgzcmVr4kPIsJIdBLLXoQqhARdR5wh9brlRwAAw
https://www.researchgate.net/scientific-contributions/Zahra-Shahi-2131785220?_sg%5B0%5D=9OcidPjhQEJ5Q_Za-_zx0OVvinHKOhyZhgSZNF9xLwQ6gJgC1azDXwc2sWt6qNP0WvI8yno.zsnhZ121YXBeUbdNjfGFB7XsMj2QvQ6NmNW0Z8YJDWBhZMpz7zQsu_Q3rXlDrqCkhR3ZqOvmvATsg-avH3YMpg&_sg%5B1%5D=Yif0WF8HmRjUICPCfMkQ2D4SmlRfHlqKsR4p9Fb0X7z2mSjgwVsd3lzmoNz7yNgzFUeM3VA.alKtE3jvW4YNMaR2ktbcSfAyxX7ZU0g5jCGmxSeQvk6An8XGeJ106YBlWaVA5WjkloKh0dsSWF0ETS5TtZek-Q
https://www.researchgate.net/scientific-contributions/Mohammad-Khajeh-Mehrizi-2191925395?_sg%5B0%5D=9OcidPjhQEJ5Q_Za-_zx0OVvinHKOhyZhgSZNF9xLwQ6gJgC1azDXwc2sWt6qNP0WvI8yno.zsnhZ121YXBeUbdNjfGFB7XsMj2QvQ6NmNW0Z8YJDWBhZMpz7zQsu_Q3rXlDrqCkhR3ZqOvmvATsg-avH3YMpg&_sg%5B1%5D=Yif0WF8HmRjUICPCfMkQ2D4SmlRfHlqKsR4p9Fb0X7z2mSjgwVsd3lzmoNz7yNgzFUeM3VA.alKtE3jvW4YNMaR2ktbcSfAyxX7ZU0g5jCGmxSeQvk6An8XGeJ106YBlWaVA5WjkloKh0dsSWF0ETS5TtZek-Q
https://www.researchgate.net/profile/Kevin-Hendrik-Reindert-Rouwenhorst?_sg%5B0%5D=IRtqOVw65a7NAPgRBi9lqZJvf4LAgcqEc0PenBFAdXxGsdFBhxAO2YiisuTmsvZBobanu5U.9X38zHxB9Aj369Y-iZ5fLeEOOSX8B2NKwRfmm0dkzcO2mQd8Lu7r8lR8mGn74SkewwpnsFIjerGBAj3up2sqYQ&_sg%5B1%5D=MSuz6kQlSzuEb8hX1yXRJsMf8MzFN1DNvya2jZvNbAMGQ0nLUhFHD7SrPTGfh5O4dtJpFZI.P3uInpcqKMjC39uRFA_KXBl2XFxP7MDphm5Ycc1-wgW-bMR4QlUTZvXt31vgPKaKcNkYiQIH4Rtj6OezcnNfPw
https://www.researchgate.net/scientific-contributions/Michael-Hilgers-2188484594?_sg%5B0%5D=bYSWoYqyJI3zC5IRPkiarE8VODaFmrHTN9lXYxiOIwcMFjF47RgMPOaIp2tLgZumGK1OkSk.WNsW4230uGlkKjl4EnDnXs2rmyOPcINaIrkYilF9i-w4w3PfAAeMZOGCLi3vaCftB2EuxUPeNugkgH54st1gEg&_sg%5B1%5D=Din1tkEFlt0T0rFDANo3fd4YAs79ypzSWtqnkG4O9HEN5hlrYBUIDCsodb-424TwXeEeU-Y.x5Rt5EOORIyjg7RzhMtf0mkNw6NZbj3FrVjsqLIgsPYccZJa6yZbOuxUHzNjxZz4o-3w-Lg3fy8g5IluKp-KeQ
https://www.researchgate.net/scientific-contributions/Wilfried-Achenbach-2188495742?_sg%5B0%5D=bYSWoYqyJI3zC5IRPkiarE8VODaFmrHTN9lXYxiOIwcMFjF47RgMPOaIp2tLgZumGK1OkSk.WNsW4230uGlkKjl4EnDnXs2rmyOPcINaIrkYilF9i-w4w3PfAAeMZOGCLi3vaCftB2EuxUPeNugkgH54st1gEg&_sg%5B1%5D=Din1tkEFlt0T0rFDANo3fd4YAs79ypzSWtqnkG4O9HEN5hlrYBUIDCsodb-424TwXeEeU-Y.x5Rt5EOORIyjg7RzhMtf0mkNw6NZbj3FrVjsqLIgsPYccZJa6yZbOuxUHzNjxZz4o-3w-Lg3fy8g5IluKp-KeQ
https://www.researchgate.net/scientific-contributions/Daniele-Fabbri-2076673439?_sg%5B0%5D=Zo2bE230mU8xa02SiQ2DVszTQqhDfQNQObBvaxnGKFpwq2zMJhDKCedG63T17JsfJoivwr0.ZAyLA69q8HhUhtsC9mnvmxHhX1idBnc0NEIT0rU9m8RK6GY7oqkW2H4-oUNd_7yL1gggJD923CXrVVJQ5oZTAA&_sg%5B1%5D=aDAqlVE_LLypZraD1xPjwK6c-8ybc7HZhT_2UdScErq8G1K10ZFHyyYDnmyueZzHFigFwmA.tNRSfdG718OtMtV_YnlJsGqouXCPXX6rKzNaNc94QGuroHR7EkQt7Od-9uqIzWvuMRwwzL04RfPfNzHWlHuWiA
https://www.researchgate.net/scientific-contributions/Yunchao-Li-2166148500?_sg%5B0%5D=Zo2bE230mU8xa02SiQ2DVszTQqhDfQNQObBvaxnGKFpwq2zMJhDKCedG63T17JsfJoivwr0.ZAyLA69q8HhUhtsC9mnvmxHhX1idBnc0NEIT0rU9m8RK6GY7oqkW2H4-oUNd_7yL1gggJD923CXrVVJQ5oZTAA&_sg%5B1%5D=aDAqlVE_LLypZraD1xPjwK6c-8ybc7HZhT_2UdScErq8G1K10ZFHyyYDnmyueZzHFigFwmA.tNRSfdG718OtMtV_YnlJsGqouXCPXX6rKzNaNc94QGuroHR7EkQt7Od-9uqIzWvuMRwwzL04RfPfNzHWlHuWiA
https://www.researchgate.net/profile/Shurong_Wang?_sg%5B0%5D=Zo2bE230mU8xa02SiQ2DVszTQqhDfQNQObBvaxnGKFpwq2zMJhDKCedG63T17JsfJoivwr0.ZAyLA69q8HhUhtsC9mnvmxHhX1idBnc0NEIT0rU9m8RK6GY7oqkW2H4-oUNd_7yL1gggJD923CXrVVJQ5oZTAA&_sg%5B1%5D=aDAqlVE_LLypZraD1xPjwK6c-8ybc7HZhT_2UdScErq8G1K10ZFHyyYDnmyueZzHFigFwmA.tNRSfdG718OtMtV_YnlJsGqouXCPXX6rKzNaNc94QGuroHR7EkQt7Od-9uqIzWvuMRwwzL04RfPfNzHWlHuWiA

