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ABSTRACT 

Due to environmental problems, fossil fuel limitations, complex energy security issues, there is a growing interest 

in alternative fuels for means of transportation and power generation are strongly promoted. There are needs of 

utilizing new energy resources in case of transition and decarbonization. It is clear that the decarbonization targets 

are posing enormous challenges for countries in their energy efficiency transition strategies. This process is often 

associated with goals that promote the use of renewable and alternative sustainable energy sources. Many studies 

and projects have been conducted to evaluate the possibilities of using new energy sources to serve economic 

sectors from transportation, power generation to construction, etc. The studies contribute to the orientation and 

establishment of appropriate regulatory frameworks for the storage, extraction and management of alternative 

energy sources. This review endeavor to present characteristics of alternative fuel as well as their usage and 

chances of production. In order derive optimal solutions, the comparison of different presented alternative fuels 

is carried out with their pros and cons for purpose of exploring the most adequate role of individual fuel. 
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INTRODUCTION 

Energy has made very important contributions to human activities on earth. Along with the advent of the industrial 

revolution, the need to use human energy to serve basic needs and production has increased sharply. To meet the 

demand for energy use, people are constantly looking for new and potential energy sources to make up for the 

shortfall and depletion of fossil energy. Renewable energy sources and alternative energy sources have appeared 

in the 20th century respectively. Regarding renewable energy, it is energy sources that are generated from natural 

processes and are constantly being regenerated, typically solar energy, wind energy, tidal energy and other forms 

of biomass energy [1, 2]. In addition, the term alternative energy was born as an inevitable choice to supplement 

and compensate for the shortfall risks of petroleum-based energy. Alternative energy sources are often seen as 

non-conventional and low-impact energy sources [3, 4]. The intermittence of several renewable source such as 

wind energy and solar energy in the mix of electricity influence on stability of the grid and demand conventional, 

baseload power plants to operate flexibly [5-7].  

Other alternative energy resources like hydropower or biomass are suitable for operating flexibly in system of 

decarbonized energy. However, there is a shortage of these sources in several countries and regions, and even, it 

is unsustainable to [8]. In recent times, a promising method is introduced, in which electricity surplus is conversed 

chemically into several alternative fuel forms (Power to X) because they can play a role not only an energy 

resource or carries, but long term energy storage also [9, 10]. Although there are differences between alternative 

fuels due to their origin and process of production, the similar point between them is that the sustainable and green 

procedure is used to produce them and nearly not exhaust carbon dioxide emissions (CO2) [11, 12]. Utilizing 

directly electricity surplus and converting thermochemically raw feedstock are two principal pathways to 

synthetize alternative fuels. Recently, in the former pathway, the term “electrofuels” has been presented in order 

to emphasize apparently both the route of production and usage of power [13]. The alternative energy sources 
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surplus in a gas, or liquid form are synthesized into carbon-neutral fuels, which is known as electrofuels and we 

can achieve carbon neutrality through closing the loop in a way employing CO2 which is collected from  emissions 

or the air [14, 15].  

Additionally, another important technic synthetizes electrofuels is electrolysis which have a flexible mode for its 

operation and suitable to the renewables productions, improvement of efficiency of overall system and higher 

alternative energy sources [16, 17]. Hydrogen (H2) and CO2 are two basic components for electrofuels synthesis; 

hence, the goal is to produce synthetic hydrocarbon gases or alcohol fuels in form of liquid such as methane and 

butane, or methanol (CH3OH) [18, 19]. The later pathway synthetize alternatives fuels in form of either useful 

gaseous or liquid fuels [20]. It is interesting that converting possibly various waste materials and raw feedstock 

into renewable fuels and chemicals which are valuable, resulted in wide-scale investigation of these processes. 

Nevertheless, applying widely thermochemical conversion challenges mainly combination between process of 

synthesis and VRS and lower costs of the production. Moreover, it is fact that it is easy to store and to distribute 

alternative fuels anywhere needed once produced, which is their main benefit [21].  

Recent progress of the energy transformation and potential pathways for the clean synthesis and taking advantage 

of renewable fuels in energy systems are shown in Figure 1. Base on needs of the application and processes of 

production, synthesis of alternative fuels can be in form of liquid, gas or solid. While liquid and several gaseous 

fuels are the most promising application in the sector of transport [6], some stationary needs of power plants used 

solid fuels [22]. In addition, more than one phase of fuel can be taken advantage, and they also are employed as 

either carrier or storage of energy which will be developed in wider scale. Cross-sectoral integration is compulsory 

in maximizing efficiency of fuel and overall system [23]. This implies, combined heat and power (CHP) 

production, but even more, deeper integration of transport and industry within the power generation sector [24, 

25]. Due to significant higher efficiency, the future energy system prefers cogeneration plants to conventional 

power plants. More interesting, waste heat may be used for purpose of industrial and heating district or producing 

directly alternative fuels. This review will use term alternative fuels for all fuels involving electrofuels which are 

consider in order to prevent potential confusion.  

 

Figure 1. Key milestones over the past 20 years in renewables and digitalisation [26] 
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The application of almost alternative fuels has not commercialized in scale because of disadvantages of production 

or processes of consumption and technologies. It is apparent that this has relation with a high energy penalty which 

fuels must undergo [27]. Now, only biomass is commercialized and it is expected that there will be an increase 

more in its consumption. Other alternative fuels like hydrogen, ammonia, methanol, biodiesel, biogas, waste-

derived fuels, etc. still haven't reached commercial maturity, and their current consumption is almost negligible 

[28]. The cost and efficiency of electrofuels production were analyzed in the study of McDo- nagh et al. [29] as 

penetration of alternative energy sources changed from 40 to 60%.  Their results showed that the efficiency of 

production can reach more than 56% along with approximately similar reluctance in the cost. The analysis of the 

electrofuels cost-competitiveness was condected by Lehtveer et al. [30] in the future energy systems, showed that 

their feasibility is impossible to achieve even with increase of alternative energy sources. The role of hydrogen in 

system of deeper decarbonization was reviewed by Abdalla et al. [31] and Parra et al. [32] who concluded that 

policymaking pronouncedly does more needs for promoting to deploy hydrogen widely as a renewable fuel. For 

the last years, biodiesel as well as biomass were studied as a carbon-neutral energy resource [33].  

The current researches pay attention on improving considerably the properties and the efficiency of biofuels [34]. 

Waste biomass feedstock is utilized through process of thermochemical conversion like pyrolysis or gasification, 

which is able to enhance notably the biomass consumption sustainability [35-37]. There are many recent 

researches investigate variety of alcohol-based fuels as a promising alternative of IC engines. More interesting, 

the methanol is the simplest alcohol and potential to take advantage for the sector of shipping [28]. Alternative 

fuels are listed extensively, and the most current promising is covered in this study.  The aim of this review consists 

of presenting and analysis of alternative energy resources which has recently come into prominence and are 

considered as a potential renewable energy and storage or carriers of energy. Additionally, comparison between 

various alternative fuels is frequently through competitive method, boosting up to use one fuel in total 

applications. Moreover, this work also endeavors to detect an additive role for each prominent chemical in the 

future energy systems based on their analysis. It is very important to find the complementary roles of each 

considered fuel for continuous studies to maximize their potential application. 

CURRENT AND FUTURE ENERGY DEMAND 

The roadmap of IRENA indicated that in 2015, 15% of total primary energy supply (TPES) was renewable energy, 

which should be grown up by approximate 67% of total consumption in order to reach goals by 2050, whereas, 

TPES should be constant at current level. Additionally, 2017 witnessed the share of whole renewable sources 

(RES) to be 25% which aim to rise by 60% next 33 years. This shall guarantee that the share of electricity from 

RES in all renewable energy (RE) in TPES can reach 60%. According to a good example for 2015, about one-

fifth of total final energy consumption (TFEC) belong to electricity, while other source, the majority is fossil fuel 

account for 80%. It is necessary to set up over 13 000 new, renewable gigawatts to fulfil satisfaction of projected 

goals. It is expected that the main increase belongs to alternative energy sources and photovoltaic (PV) energy 

used wind and solar, where there will be installation of the newest capacities. Due to the share of VRS is high, 

there are more period with electricity generation which is lack or excess, and several energy storage forms are 

required. Multiple advantages can be offered by synthesizing electricity surplus into alternative fuels, especially 

some sectors such as industry or transport, which there are few works have been done till now. In 2015, about 4% 

of transport sector was the share of renewable energy, which by 2050 is hoped to rise significantly by 54%. Indeed, 

electric vehicles (EV) used in light duty transport are expected to account for the most, whereas other solutions 

will be found for decarbonizing in aviation and shipping sector as well as high-duty vehicles. Alternative fuels 

have high-energy density (for example: hydrogen, advanced biofuels or electrofuels) can solve this gap. 

Particularly, it is a challenging goal to transit and decarbonize in industry sector. In 2015, renewable energies have 

14% share in the industry, in which biomass represented to be equal with renewable electricity. The contribution 

of electrification in the low-temperature processes to the sector decarbonization is considerable, while the 

introduction of alternative fuels is necessary for processes have high temperature. Hydrogen, enhanced bioenergy 

and similar are emerging as alternative fuels are expected to contribute more as biomass. 60% of TFEC by 2050 

is expectation spending on the total share of alternative energy in the industry [26]. The recent and anticipated 

renewable energy and electricity consumption according to the IRENA scenario are illustrated in Figure 2. As can 
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be seen in this figure, the left side shows recent and predicted share of renewable energy and the right side present 

the share of electricity for various sector. For power production sector, only share of renewable energy is provided. 

 

Figure 2. Current and predicted renewable energy and electricity consumption by the sector [26]. 

POTENTIAL ALTERNATIVE FUELS 

Biodiesel 

Renewable lipid feedstocks like non-edible vegetables, lignocellulose biomass or animal fats are used to derive 

biodiesel which comprise mono-alkyl esters and is known as long chain fatty acid oils [36, 38]. Although biodiesel 

have four generations, there are two of them are commercialized in wide scale. Initially, the 1st generation of 

biodiesel was made from food crops which can be corn, sugar cane, wheat, or vegetable oils. Energy crops and 

non-edible vegetables, waste oils and lignocellulose feedstock are utilized to produce the second generation of 

biodiesel. It is remarkable that production of biodiesel can be sustainable unless there is competition with the 

supply chain of food. The 3rd generation consists of algal biomass while the last generation involves genetically 

modified microorganisms [39]. As known, it is successful to apply biodiesel in the transport sector by blending 

with conventional fuel. The EU (EN14214) and the U.S. (ASTM 6751) are two existing standards used in 

production of biodiesel [40]. Biodiesel has calorific value which is not much lower than conventional, range from 

38 to 45 MJ/kg [41]. Higher values of viscosity and density are main issues of biodiesel which have negative 

impact on injecting fuel injection. Therefore, in order to enhance cold start and fuel intake, biodiesel-diesel blend 

is used. Additionally, energy density biodiesel is lower than that of diesel, which results in higher consumption of 

fuel [42].  

In contrast, it is noticed that biodiesel has remarkable performance in conventional IC engines [43]. Depending 

on the quality of fuel and mixture ratio, the exhausted emissions can reduce by 78% [44]. Especially, the 

concentration of carbon monoxide (CO), CO2, particulate matter (PM), and unburned hydrocarbons emissions 

decline in combustion of diesel, whereas there is sligh increase in the formation of NOX emissions [45]. It is found 

that there is a rise in engine performance by 3% as biodiesel accounts for 20% in the mixture with gasoline [46]. 

Nowadays, transesterification process is applied to create biodiesel, where either methanol or ethanol is blended 

with feedstock [47, 48]. Indeed, pyrolysis method is potential to produce biodiesel fuels with high quality from 

the different feedstock [49]. The productivity of bio-oil in this process can reach 75%, along with from 36 to 42 

MJ/kg of heating value which depends on the kind of feedstock, meanwhile mild temperature condition for 

conducting the process ranges from 400 to 600°C, with the feedstock has low moisture content [50]. The research 

topic is interested in upgrade of the bio-oils by the co-pyrolysis process of waste materials for improvement of 

quality and fuel properties [51, 52]. 

Alcohol-based fuel 

Methanol, ethanol, and Dimethyl Ether (DME) are alcohol-based fuels, which are successful to deploy in internal 
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combustion engines (ICE). The limitations of alcohol fuels application, its concentration blended into fuel mixture 

is not over 20% [53, 38]. In this review methanol, ethanol and DME are cover as the simplest alcohol form, the 

commercialized fuel, and the prominent fuel to be employed in IC engines in the future, respectively. Methyl or 

wood alcohol is known as methanol which is a simplest alcohol oxides as a green fuel as it was produced as well 

as recycled CO2 [37, 54]. Lately, the chemical industry is  the main market of the methanol, even though there are 

notable efforts in taking advantage of them as fuel in automotive sector as well (annually about 20 million tons 

are used for blending with fuel) [55]. Actually, under the standard temperature and pressure, methanol exists in 

liquid phase, which makes it not difficult to handle and distribute. Recently, catalytic conversion of carbon 

monoxide and hydrogen from natural gas, or gasifying coal are main methods to produce methanol. To be used in 

the future decarbonized energy system, the production process must shift toward cleaner solutions like Power-to-

Liquid, which involves CO2 capture technologies and electrolysis of water [56].  

Solar production or biomass-to-energy approach which makes bio-methanol may be alternatives solutions [57,58]. 

Applying methanol as a fuel face to challenges of sustainability and effective cost in production, which are 

considers as technical barriers of methanol usage [55]. Methanol has been widely shipped around the world, that 

encouraged to investigate its utilization as a fuel. It is easy to modify tanks and IC engines, while installation of 

some refilling stations have already been built [59]. The usage of methanol has several particular disadvantages 

which are toxic property, high potential of corrosion (gasoline’s is lower than methanol) and swelling along with 

shrinking of polymer. The usage of methanol has several particular disadvantages which are toxic property, high 

potential of corrosion (gasoline’s is lower than methanol) and swelling along with shrinking of polymer  [60]. 

Furthermore, methanol is not suitable for long voyages because its energy density is half as much as diesel fuels 

[61]. However, this problem can be solved by multiple refilling or setting up additional storage tanks. The 

concentration of NOx emission can be declined by 30% by usage of methanol-diesel fuel blend which also 

improves overall performance as well as efficiency of engine [55].  

At the moment, the usage of methanol  in IC engines is in commercial wide scale, while smaller vessels, road and 

commuter ferries are in efforts of developing specific engines used methanol [60]. Another application of 

methanol is used possibly for fuel cells, but the voltage generated witnesses low value and its conversion 

efficiency is poor [62]. It should be mentioned that unless renewable sources is used to produce methanol, higher 

the GHG cycle is obtained as compared to conventional heavy fuel oils. It is potential to  investigate ethanol like 

a hydrogen carrier for Power-to-X systems, since it is fact that among electrofuels, its form is the simplest [63]. 

One of the simple forms of alcohol is ethanol or known as ethyl alcohol which normally is made by fermenting 

starch in corn grain. Nowadays, a large amount of ethanol applied mainly in the medical sector and the alcoholic 

beverages production. The initial utilizations of ethanol in the IC engine were studied in the USA in the ‘30s of 

the 20th century, even there was a significant growth up after the crises of oil in the ‘70s. This period witnessed 

considerable importance of ethanol, especially in Brazil, where promote a national program/strategy with 

subsidies to establish the production of alcohol fuels for the purpose of ethanol blended conventional fuels.  

Hence, there are about 20% of the Brazin cars use only methanol for operation and blend fuel with 20% of ethanol 

can use for the rest. The heating value of ethanol is apparently lower than that of gasoline (27 MJ/kg compared to 

44 MJ/kg) which results in requirement of larger storage tanks [64]. In addition, around 35% of ethanol is oxygen 

and latent heat of vaporization of ethanol is high, which are the reasons of cold start problems. The products of 

ethanol oxidation comprise CO2, and water including released heat. Thanks to using biological feedstock and 

crops for the fuel production, CO2 emissions exhausted to be neutral [65]. Nonetheless, as the future desire to 

consume more such fuel, trouble of sustainability may increase because of higher biomass feedstock consumption. 

Uncomplete combustion may happen as blended fuel is burned inside IC engines is a disadvantage of ethanol, 

consequently, considerable concentration of formaldehyde emissions is formed, which lead to create ground-level 

ozone. The usage of ethanol fuel blend in the engines obtain satisfied performance and show similar efficiency 

compared to gasoline. Besides, 20% of CO2 emissions can be reduced as calculating “well to tank”  [66].  

Last but not least, it is pronounced that the performance of ethanol is improved in dedicated engines which are 

modified, especially when comparing between fuel blends or standard engines [67]. Being the simplest ether, the 

application of dimethyl ether is a precursor for synthesizing various organic chemicals. Over the last year, many 
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researches have investigated the blending between DME and fossil fuels employed in spark-ignited engines as an 

attractive approach to improve combustion properties and engine thermal efficiency [68]. Production process of 

the DME consists of two stages in which methanol is formed by steam reforming of methane before dehydrating 

into DME [69]. Production of DME  can be sustainable as syngas is achieved by gasifying biomass or using CCU 

technologies and electrolysis to produce methanol [70]. Being not a toxic and carcinogenic compound with low 

risk of depletion, the DME become an ideal alternative for conventional fuels in internal combustion engines. 

Additionally, due to the DME combustion often accompany visible blue flame with a sweet odor, there is an 

important trouble of safety. Among alcohol derived fuels, its heating value has the highest, is approximate 29 

MJ/kg, and it has same cetane number compared to diesel, which make him to be a potential substitute for diesel 

[49,57,71]. Taking advantage of DMF as a fuel has following major benefits: NOX, hydrocarbons and CO 

emissions declined and soot as well as SOX emissions completely absent [72]. Significant reductant of contaminant 

emissions make the DME to be an interesting solution to replace diesel fuel for IC engines [69]. A particular weak 

point of broader usage has relationship with lower heating value, which result in installing larger tanks for storage 

purpose. Moreover, lower viscosity causes notable issues of injection and leakage which demand a new, dedicated 

system for purpose of delivery fuel [73]. 

Biomass 

Biomass is a special energy resources which can utilize as a fuel and feedstock for production of fuel [74]. Total 

annual biomass was consumed in 2010 is 56 EJ, which particularly use to heat residence and building along with 

cooking individual, poorly efficient stoves. Additionally, cogeneration (CHP) power plants employ biomass like 

a fuel (around 4.5 EJ per year), while the cumulative consumption in the sector of industry and transport is about 

13 EJ annually. Instead of inefficient stoves, the creation of modern ones is expected to use by 2050, and biomass 

will remain unchanged importance as an energy resource used for rural areas. By 2030, annual need for biomass 

is expected to reach around 108 EJ, which is twice as much as now. Whole sectors is expected to increase is, and 

its estimation is approximately 31 EJ/year, 21 EJ/year and remaining 56 EJ/year in transport, industry and power 

generation and heating purpose (individual and district heating), respectively [74]. New approaches are strived to 

study for traditional biomass like firewood which recently is applied popularly, in order to discover more 

appropriate resolutions to improve the sustainability of its usage [75].  

Initially, it should minimize consumption of traditional biomass for heating and cooking in the countryside and 

electricity is a good replacement. In addition, it should abandon/stop to use traditional biomass which has 

properties of low exploitation and the research trend should move to develop biofuels [76]. It is noticed that such 

biofuels have several following advantages: combustion properties are enhanced, it is easier to handle and 

distribute, and finally, waste biomass residues can be utilized to produce biofuels. The most important benefit of 

waste biomass sources is that their utilization in densified fuels form is efficient. Resources of waste biomass can 

be waste of agriculture, sawdust, shavings of trees, cutters, and chips of wood and bulky by-products from several 

activities of industry. Pellets, briquettes as well as cubes are the most promising solutions. Density, moisture 

content and heating value of densified and solid fuels are same, are about 450 to 750 kg/m3, 8 to 12%, and 15 to 

21 MJ/kg, respectively. However, the usage  of pellets are popular in heating stoves or individual boilers, whereas 

briquettes are utilized for applications of industry [77].  

Lower moisture content is the preponderant benefit of densified fuels as compared to traditional biomass (up to 

40%), which increase overall performance of combustion to 40 - 68%, depending on the type of wood  [78]. Either 

the pyrolysis or gasification are the prominent solutions to upgrade the biofuels [79,80]. Biochars, bio-oils, and 

syngas with high quality are obtained products. Biochar may be employed as soil fertilizer which is friendly with 

environment, while in order to apply in soil biodiesel, bio-oils need be refined more and syngas is possibly used 

for gas turbines. Pyrolysis of Biomass frequently conducts in the temperature of 300 to 600 ° C, without oxygen, 

whereas, gasification is occurs from 800 to 1000 °C  and the content of air and oxygen need be controlled [80]. 

The selection of product productivity is improved by employing several catalysts [79]. In the last few year, 

examination of microalgae for biogas production is carried out, included typical compounds of syngas (such as: 
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CO, CO2, CH4, H2O, H2) and its calorific value is around 10 - 35 MJ/kg [81]. Using algae is a promising idea 

because there is not competition between them and production of food, Nevertheless, its cultivation have not yet 

reach commercialization of application. Finally, upgrading biomass with waste materials is able to carried out by 

co-pyrolysis for improving the synergistic influences of each components and obtaining products which have 

good quality [82].  

PROSPECTS AND CONCLUSION 

It is apparent that the development of alternative fuels in decarbonized energy system is inevitable in coming 

years. Furthermore, decarbonization of transport and industry field is especially need alternative fuels, where is 

affected slightly by electricity, or it is a unsuitable replacement. The aim of this paper mainly review recent 

prominent alternative fuels as well as their applications. Remarkable conclusions are summarized from this review 

as below: 

Until now, alternatives have been widely commercialized consists of biofuels, especially biodiesel and solid 

biomass, which have broader application for demand of transport and industrial sector. Due to significant 

increment of their expected consumption in the future, it is essential to explore new solutions to satisfy 

sustainability. Prominent solutions which researches should be conducted in the future, include: pyrolysis or 

gasifying raw materials for   thermochemical conversion and application of anaerobic digestion for biodegradable 

waste. Additionally, the effective incorporation of waste management into enhanced biofuels production can deal 

with issue related to environment and improve properties of biofuels simultaneously. 

Alcohol derived fuels are investigated as alternative for several time. Nevertheless, it is doubt to commercialize 

widely its application. In addition, lower heating values result in injecting more fuel, modifying or developing 

dedicated IC engines, which is essential for improvement of efficiencies. On the other hand, as applying in fuel 

mixture, improvement of characteristics is achieved by such fuels, especially reductant of contaminated emissions. 

Additionally, the successful investigation is achieved in marine sector with the usage of methanol, the simplest 

alcohol, which obtained satisfactory results with respect to the performance of engine and decrease of emissions 

concentration. 
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