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1. Background

The climate is undoubtedly experiencing several changes with a global warming, mainly 

attributed to the carbon dioxide (CO
2
) emission. According to NASA [1] and NOAA [2], CO

2
 

is at its highest in 650,000 years, leading to the warmest decade on record. During recent 

decades, concerns have arisen regarding climate change, energy security decline, and deple-

tion of hydrocarbon reserves, resulting in a wide interest in renewable alternative fuel 

resources. Many studies (e.g., [3–7]) have shown that biofuels are generally the most appro-

priate replacement to the depleting crude oil.1 They can expand green landscapes, create new 

economic opportunities, be directly used in standard engines, and they are sustainable and 

environmentally friendly. There has been a politically motivated claim; however, that biofuel 

can be harmful with plenty of disadvantages, attributed to some abuse of biomass produc-

tion and misuse. For example, moving palm oil with fossil fuel-powered trucks and burning 

peat bogs to prepare biomass can result in significant greenhouse emissions. Also, economic 
risks are interpreted with financial loss to certain fossil fuel-productive beneficiaries (e.g., 
the OPEC). Other claims (e.g., [8]) impose that biofuel production competes with food stock 

although biofuel is not necessarily addible product, or vigorously agricultural-land planted. 

Such misleading assumptions and debates guided the European Parliament in January 2018 
to propose an end to the import and use of palm oil by 2030 [9]. In fact, the EU move to cut 
imports on palm oil is a suspect of cynical move to protect the EU vegetable oil producers and 
fossil fuel-reliant industry [10]. There are enough statistics and empirical data to dispute such 

claims and evaluate the importance of biofuels for future on the expense of the insignificant 
disadvantages [3, 7]. This book proposes approaches to overcome challenges and achieves 

some tough targets for alternative fuel production and utilization.

1Hereafter, the word “biofuels” refers to biomass fuels, including biodiesel fuels.
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Over the past four decades, the data show three distinct periods of food price inflation, 
and the lowest of which was during 1991–2015 at 2.6%, encompassing the biofuel boom. 

Comparatively, the inflation rate during 1981–1991 was 3.8%, and the rate during 1973–1981 
was 8.3%. There was no noticeable change in the world’s average grain and oil price inflation 
before and after 2000, in reference to the beginning of the biofuel boom. Crude oil prices, how-

ever, have had the highest correlation with food price indices. Currently, the main barriers to 
the spread of biofuel are its relevant cost of production and competition between some types 

of biofuels and food stock. Therefore, wastes play an important role in reducing these costs 

and recycling dump materials. Production of biofuels from nonfood biomass has emerged as 
a sustainable option to tackle the problems associated with growing demand of energy.

2. Contribution of this book

In this work, as well as providing the descriptions on emerging biofuel technologies to mimic 

the above-mentioned risks, the chemical and thermal properties of biofuels are described. For 

example, methanol and ethanol are studied as possible alternative liquid fuel candidates to 

resemble several physical and combustion properties of gasoline. The study shows that such 

a fuel blend decreases the engine brake power, increases the BSFC, and decreases the CO 
and HC emissions, compared to those produced using gasoline (fossil) fuel. The pretreated 
samples are analyzed for mass and energy yields, calorific values, proximate and elemental 
compositions, and thermal decompositions. This book also provides basic analyses of diesel, 

gasoline, and various types of biofuels (including biodiesel fuels) and assessment on limited 
and unlimited emissions (e.g., greenhouse gases, dangerous exhaust gases, and strong car-

cinogens and their contents) during and after combustion pathways. The results are evaluated 

in comparison to trusted measurements and numerical standards. The research equipment is 

adapted with sensitivity measurements to the environmental contamination.

A one-dimensional model of gasoline engine is developed for predicting the effect of vari-
ous fuel types on engine performance, specific fuel consumption, and emissions. The role of 
microbial consortium-based biocatalyst strategies that are being developed to address these 

issues are reviewed and discussed. Microbial co-culture biocatalysts are engineered to spe-

cialize the conversion of a general class of substrates present in the biomass hydrolysates 

into biofuel intermediates, with the capability of adapting them to the variable composition 

of the feedstock. The techniques being developed to understand the interaction between 

the members of the bioconversion consortia and the corresponding population dynam-

ics of the engineered co-cultures are also presented. The simulation of transesterification 
requires in-depth understanding of the chemical reactions that take place inside the reactor. 

The development of reaction mechanism of the multiple step triglyceride, triglycerides, and 

monoglycerides and their reversal reaction is beyond the interest of chemical or mechanical 

engineers, whose main interests focus on the assessment of the overall conversion and the 

established performance process metrics. The work undertakes all relevant activities by estab-

lishing and formulating the overall process kinetics, as far as the rate constant and activation 

energy. The obtained values are used to carry out high fidelity reactive flow of the multiple 
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species, copresent inside the reactor, and otherwise complex to be captured experimentally. 

Experimental results, high-fidelity numerical results, and parametric sensitivity studies will 
be introduced and discussed. Through a reaction of alkaline transesterification of biodiesel, 
several mixtures of diesel-biodiesel and their characteristics are assessed and prepared for 

tests. For example, kinematic viscosity and high heating value of pure biodiesel (B100), pure 
diesel, and four biodiesel-diesel fuel blends, B2, B5, B10, and B20, have been determined.2 

B100, diesel, and their blends are used in full-cycle tests of four cylinder engines. A virtual 

instrumentation technology has been developed and implemented into the test approaches. 

Such advancement has allowed monitoring (in real time) the parameters of internal combus-

tion engines and presented the versatility, flexibility, scalability, and capacity to function in 
equipment that operates with different liquid fuels at a lower cost than that of conventional 
systems. These characteristics represent significant benefit, in comparison to the classical 
measurement and monitoring approaches, in present market.

3. Concluding remark

To conclude, the use of biofuels is expected to contribute to the energy sustainability and 

reduction of global warming. For instance, many efforts have been made to replace gasoline 
and diesel fuels with ethanol/gasoline and biodiesel/diesel fuel blends, respectively [11–16]. 

These efforts have been driven mainly by the importance of reducing greenhouse emissions 
and fossil fuel costs [17–19]. According to the US environment protection agency [20], all 

gasoline engine vehicles can use a blend of gasoline fuel with up to 10% volume fraction of 

ethanol without the need for engine modification. The reduction in CO
2
 emissions without 

the loss of engine performance is nontrivial for this mixture [21]. For example, mixtures with 

up to 15% volume fraction of ethanol and 85% volume fraction of gasoline fuel have been 

approved for use in 2001 and newer vehicles, under the US federal standards for renewable 
fuel [22]; while mixtures with up to 85% volume fraction of ethanol and 15% volume fraction 

of gasoline fuel (i.e., flex fuels) have been defined as qualifying alternative fuels for flex-fuel 
vehicles [20]. Therefore, it was important to investigate the difference between ethanol and 
gasoline fuel characteristics and their blends.
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