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Biofuel, a cost-effective, safe, and environmentally benign fuel produced from renewable sources, has been

accepted as a sustainable replacement and a panacea for the damaging effects of the exploration for and

consumption of fossil-based fuels.

biofuel biodiesel emission feedstock utilization transesterification

transportation

1. Biofuel as a Renewable Fuel

Since the early 1970s, when the word “biofuel” was first used, authors have defined the term as: (a) a fuel

manufactured either from or by fresh, living micro- or macro-organisms [2: (b) a fuel made directly or indirectly from

biomass 2 (c) a liquid fuel obtained from biomass, e.g., biodiesel produced from fats and oils, biogas generated

from animal waste, etc. B; (d) a bio-based fuel naturally obtained from wood and wood chips or agricultural

residues or chemically converted from biomass to charcoal, biodiesel, bioethanol, and biomethane 2. Using these

definitions, we can summarize that biofuel is generated from plants, animal waste, manure, sludge, etc., in either a

solid, liquid, or gaseous form, and is capable of being converted to another variety of biofuel 2. Major benefits and

paybacks derivable from the deployment of biofuels as a form of renewable fuel include:

Biofuels are renewable and are carbon- and CO2/GHG-neutral during the progression of the life cycle .
Less GHG emissions are generated from the utilization of biofuels compared to FB fuels &,

Biofuels are biodegradable, sustainable, and environmentally benign 219,

Biofuels are largely produced from locally available and accessible resources, applying safe production

methods (111112
Production and utilization of biofuels enhance home-grown agricultural development and investment [131124],
Biofuels provide improvements in the health and living conditions of people 121141,

Biofuels create jobs and improvements in local livelihoods and reduce energy importations (221161,
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» Economically, biofuel helps to stabilize energy prices, conserve foreign exchange, and generate employment at

the macroeconomic level (17118,
« Household usage of biofuel does not trigger life-threatening health conditions, as opposed to FB fuels 1929],

Notwithstanding these advantages, the high initial cost of production and storage of biofuels can be a deterrent for
potential producers and users. There are justifiable concerns that the increased demand for biofuel will increase
the cost of the relevant agricultural and woody raw materials, as well as other feedstocks [211[22]  Also, continuous
demand for wood can lead to rapid deforestation, while huge parcels of land are required to cultivate special trees
and other inedible oils for biofuel production. In specific terms, methane, a major component of biogas, is a major
contributor to global climate change and continuous usage of biogas can exacerbate ozone layer depletion 23],
while biodiesel, a form of biofuel, generates high NOx emission and contributes to higher engine wear compared to
FB fuel [24], Despite the obstacles, biofuel is a clean, sustainable, and affordable energy resource choice that can
replace FB fuels and rescue humankind from the looming environmental disaster. The adaptation of biofuels as

sustainable fuels in various sectors of the economy is one of the strategies for CO2 reduction and carbon
mitigation [23]126],

2.1. Classification of Biofuels

2.1.1. Classification Based on the Physical State
Solid Biofuels

Generally, any solid biomass material can be described as solid biofuel. Solid biomass is principally any solid
feedstock that can be converted into biofuel [ZZ. Examples of such solid biomass include lignocellulosic biomass
and various types of solid waste (28, Table 1 shows various categories of solid biofuel and their examples. Ideally,

each of these raw solid biomasses can be used directly as solid biofuels or as feedstock for other forms of biofuel

production.
Table 1. Categories and examples of solid biofuel [221331132](33]
Lignocellulosic Biomass .
. . . lid W
Agricultural Residues Forest Residues Energy Crops Sl i
Rice straw Firewoods Switchgrass Municipal solid waste
Rice husk Wood chips Miscanthus Processed paper
Wheat straw Wood branches Energy cane grass Plastics
Sorghum straw Sawdust Hybrid Pennisetum Wastewater sludge
Corn stover Fruit bunch Triarrhena lutarioriparia Food waste
Sugarcane bagasse Willow chips Energy cane leaf Dried animal manure
Sugarcane peel Black locust Energy cane stem Poultry waste
Barley straw Pine Grass leaf
Olive pulp Spruce Grass stem
Grapeseed Eucalyptus

Softwood

https://encyclopedia.pub/entry/14382 2/17



Biofuels for Internal Combustion Engine | Encyclopedia.pub

Lignocellulosic Biomass
Agricultural Residues Forest Residues Energy Crops
Hardwood
Hybrid poplar

Solid Waste

Compiled by the authors.

Liquid Biofuels

Liquid biofuels refer to any renewable fuel in liquid form. They are mainly used as transport fuels. Notable

examples of liquid biofuels are biodiesel, biomethanol, bioethanol, biobutanol, biopropanol, bio-oil, jet fuel, etc. [34]
[35][36]

Gaseous Biofuels

Biogas/biomethane, biohydrogen, and biosyngas are the commonest examples of gaseous biofuels. They have a

wide variety of applications, including for thermal, transport, and heat uses and electricity/power generation.

2.1.2. Classification Based on Technology Maturity

According to the degree of technology maturity or status of the commercialization technologies, biofuels are often
categorized as conventional biofuels and advanced biofuels, as shown in Figure 1.
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Figure 1. Classification of biofuels based on technology maturity. Adapted from (27, Developed by the authors.
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2.1.3. Classification Based on the Generation of Feedstock
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Feedstocks for biofuel production are divided into three categories in terms of their generation: first-generation
feedstock, second-generation feedstock, and third-generation feedstock. The choice of feedstock has a huge
influence on the development and utilization of biofuel as a substitute for FB fuels. Feedstocks are chosen based
on price, hydrocarbon content, and biodegradability. For example, edible feedstocks and those containing pure
sugars are relatively expensive. Simple sugars are preferred as feedstocks because they are easy to decompose

with microbes while lignocellulosic biomasses are selected based on their relative affordability.

2.1.4. Classification Based on the Generation of Products
Primary Biofuels

The main feature of primary biofuels, also known as natural biofuel 28 or zero-generation biofuel, is that they are
used the way they occur without any modifications, alterations, processing, or pre-treatment. Examples of primary
biofuels include firewood, wood chips, pellets, animal waste, forest and crop residues, and landfill gas. Notable
areas of application of primary biofuels include cooking, household heating, brick kilns, drying, roasting, and
electricity generation. This type of biofuel is readily available and its utilization does not require any special skill or

infrastructure. However, their utilization is crude, compromises air quality, and may negatively impact the health of
the user 391401,

First-Generation Biofuels

The need to get a sustainable and viable alternative to finite energy sources gave rise to the development of First
Generation Biofuels (1GB). Major examples include biodiesel, biogas, bioalcohols, biosyngas, biomethanol, and
bioethanol. Major feedstocks for the production of 1GB include edible (food) crops like corn, wheat, palm oil,
soybeans, edible vegetable oil 1], rapeseed, Karanja, Moringa oleifeara, Jatropha curcas 42, corn, cereals, sugar
cane, wood, grains, straw, charcoal, household waste, and dried manure 3. Though 1GB is biodegradable and
offers great environmental and social benefits, the food vs. fuel trade-off and extensive area and time required to
grow the inedible feedstock are some of its drawbacks 441, Also, the high cost of feedstock, which was found to

consume over 70% of the generation cost, is discouraging 421[481147],

Second-Generation Biofuels

Second-Generation Biofuels (2GB), which were developed as a solution to some of the drawbacks associated with
1GB, can be produced from inedible feedstocks like waste cooking oil (48], waste animal fats 49, recovered oil 22,
and lignocellulosic biomass, like grass, wood, sugarcane bagasse, agricultural residues, forest residues, and
municipal solid waste (31521 a5 well as from bioethanol, biodiesel, biosyngass, biomass to liquid biodiesel
conversion, bio-oil, biohydrogen, bioalcohols, biodimethylfuran, and bio-Fischer—Tropsch (3316541, The generation of
2GB does not affect the food chain and the cost of feedstocks is relatively low, but the production technologies are

still complex and have not been commercialized yet [231[56],

Third-Generation Biofuels
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The challenges associated with 1GB and the 2GB gave rise to the development of the Third Generation Biofuels
(3GB), particularly with regard to feedstock selection. Algae, which is the major feedstock for 3GB, does not
interfere with the food chain and requires no land or freshwater for cultivation, either naturally or artificially 7.
Other feedstocks for 3GB include yeast, fungi, and cyanobacteria, while examples of 3GB include bioethanol,
vegetable oil, biodiesel, biomethanol, and jet fuels. In recent years, 3GB has attracted more investment, particularly
in algae cultivation and conversion technologies 28],

Fourth-Generation Biofuels

Fourth Generation Biofuels (4GB) are produced from genetically or metabolically engineered feedstock from algae.
Unlike 2GB and 3GB, the production of this generation of biofuels ensures sustainable production and catches
CO2 emissions from oxygenated fuel combustion throughout the entire production progression B2, The application
of production technologies has drastically reduced the cost of production, making it economically competitive.
Major examples of 4GB include hydrogenated renewable diesel, bio-gasoline, green aviation fuel, vegetable oil,
and biodiesel.

| 2. Biofuel as Internal Combustion Engine Fuels

Transportation is one of the necessities of life and a major contributor to the socio-economic growth of countries.
The ease of the movement of goods and services is one of the measures of the quality of life of individuals.
Governments across jurisdictions devote significant efforts and resources to ensure affordable and safe
transportation services. The transportation sector consumes over 90% of the total FB fuel products and over 25%
of global energy (69611 The proportion of the total energy used for on-road transport is projected to increase from
the present 28% to 50% by 2030 and further to 80% by 2050 82, The total energy consumption in the transport
sector was 110 million TJ in 2015 including passenger vehicles (cars and bikes), buses, air, passenger rail, and air
freight. Heavy trucks, light trucks, and marine transport jointly consume 35% of the transportation sector energy, as
shown in Figure 2 [63I84 The 129 billion liters of liquid biofuel used in 2016 is projected to rise to 652 billion liters
by 2050, while about 180 billion liters of biodiesel will be needed in the transport sector in 2050, as shown in
Figure 3 [65,

https://encyclopedia.pub/entry/14382 5/17



Biofuels for Internal Combustion Engine | Encyclopedia.pub

Figure 2. Summary of global energy utilization in the transport sector in 2015 [631[64],
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Figure 3. Biofuel in the transport sector, 2016 and 2050 scenarios. Adapted from 62!, Developed by the authors.

Liquid and gaseous biofuels are used to power ICEs. However, liquid biofuels are preferred over gaseous biofuels
for vehicle propulsion. This is because liquid biofuels have a higher energy density than gaseous fuels, thereby
allowing vehicles to possess immense range. Table 2 shows the energy stored per liter for petrol or Petroleum-

Based Gasoline (PBG) fuel, PBD fuel, and some biofuels. Gaseous fuels require pressurized tanks and they must
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be larger for an equal quantity of stored energy compared to liquid fuels. Also, refueling is more straightforward,

easier, and faster with liquid fuels than gaseous fuels.

Table 2. Energy stored per liter of fuel (68,

Fuel Stored Energy (MJ)
Diesel 36
Gasoline 33
Biodiesel 33
Methanol 16
Ethanol 21
Liquid H2 (at —253 °C) 8.5
Compressed H2 (at 250 bar) 2.5

The use of a fuel as an ICE fuel depends on its properties. Table 3 shows some properties of diesel, gasoline, and
some liquid and gaseous biofuels. The density is calculated as the mass per unit volume. The density of a fuel is
determined by the mass of fuel entering the combustion chamber and the air/fuel ratio. A Higher Heating Value
(HHV) is the quantity of heat realized when a unit amount of fuel is completely combusted. HHV is obtained by
cooling the products of combustion, leading to the formation of water vapor 768 The HHV of fuel is directly
proportional to the quantity of carbon in the fuel and the ratio of C-H to O2-N2. Conversely, the Lower Heating
Value (LHV) of a fuel is the energy content of the fuel. The distinction between the HHV and LHV is a measure of
the heat content of the condensed water vapor formed during combustion. The density and heating values
determine the energy available in the fuel, along with the volume and mass. The Cetane Number (CN) is a function
of the amount of time lag between the fuel injection and auto-ignition 2. The CN is used to classify PBD fuel and
measures the ability of the fuel to self-ignite. Fuels with high CNs are good for Cl engines because this ensures
that the engine enjoys an excellent start and runs smoothly, particularly during cold weather. A low CN tends to

result in incomplete combustion and exacerbates the emission of dangerous gases 62,

Kinematic viscosity is a property that influences the atomization properties, the size of the droplets and spray
penetration, and the potential of atomized fuel. Fuels with high kinematic viscosity values suffer from poor fuel
atomization during the spray and increased wear rate of the engine, pump parts, and injectors, which jointly result
in poor combustion and increased emissions 9. Ethanol and dimethyl ether have lower viscosity values and are
more capable of making fine droplet sprays than PBD fuel. The flash point measures the temperature at which
sufficient water vapor is released to generate the appropriate quantity of the water vapor—air mixture and relates to
the safe handling and transportation of the fuel. A fuel with a flashpoint below 38 °C (100 °F) is considered
flammable (21, The latent heat of vaporization quantifies the degree of coolness experienced as a result of fuel

evaporation. The stoichiometric Air/Fuel ratio (A/F) of a fuel is a measure of the hydrogen/carbon ratio of the fuel
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and the quantity of oxygen contained in the compound 2. The Research Octane Number (RON) is also used to
classify PBG fuel and measures the ability of the fuel to self-ignite. High RONs are good for spark ignition (SI)
engines 3. The Reid vapor pressure is also a critical fuel fingerprint for measuring the behavior of fuel, particularly
when the Sl engine is appropriately carbureted and fueled. The ease with which the spark ignites the air/fuel
mixture indicates the flammability limit of the fuel. Hydrogen fuel, a form of renewable fuel, is reputed to possess

the highest flammability limit.

Table 3. Physical and chemical properties of some transportation fuels [E8IZ4IZSI76I77],

F-T

Property PBG PBD Methanol Ethanol DME BiogasHydrogen Biodiesel Diesel

Chemical - 11870  CnHL8n CH30H C2HS0H CH30CH3 CH4 H2 C15H31CO2cH3 2
formula C20

Density 774—
(kg/m?) 720-780  820-870 800 790 667 - 70 850-885 782

Kinetic
viscosity at 40 0.7 2.0-35 0.75 15 0.18 - - 4.43 2-4.5
°C (cSt)

Cetane 13-17 45-55 5 8 55-60 - - 45-65 72
number
Self-ignition
temperature 2607 2102 470 365 320 580 500 220 315
(°C)

Lower 43.5
heating value 44 43 19.7 28.6 28.2 24 120 37 2
(MJ/kg)

Lower
heating value 33 36 16 21 19 - 8.5 33 -
(liquid) (MJ/L)

Higher
heating value
(mixture)
(kJ/kg)

3.8 3.9 315 = 3.4 3.1 2.0 = =

Adiabatic
temperature 1995 - 1950 1965 2020 1954 2510 2000 -
0

Boiling
temperature 25-210 180-360 65 78 =23 -162 2.58) 250-350 157.6
0
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F-T

Property PBG PBD Methanol Ethanol DME BiogasHydrogen Biodiesel Diesel

Reid vapor
pressure at 55-100 <15 32 16 800
38 °C (kPa)

Stoichiometric

1452 144 ; . . . 132
A/E ratio 6.4 9.0 9.0 17 34.1 15

Research
octane 98 - 115 110 - 120 106
number

Enthalpy of
vaporization 3502 2704 1100 900 375 510 455
(kJ/kg)

Flammability

limit (% vol.) 1.3-8 0.6-8 7-36 4.3-19 3.4-19 S 4-75

Flash point

-40 60-80 11 12 -41 - - 62 500
©

Oxygen
content - - 50 35 34.8 - - 10.7
(Wt.%)

Carbon
content - - - - 52.2 - - 76.9 86.44
(Wt.%)

Hydrogen
content - - - - 13 - - 12.4 13.56
Wt.% L
(wt.%) ), 66,

221-227.

3. Schulte, L.A.; Ontl, T.A.; Larsen, G.L. Biofuels and biodiversity, wildlife habitat restoration. In
Encyclopedia of Biodiversity, 2nd ed.; Levin, S.A., Ed.; Academic Press: Waltham, MA, USA,
2013; pp. 540-551.

AA&)rr%%rm%tE'lyBéo%op%ﬁ’b?th"e‘;aﬁ:t%tr%.z’ L.A.B. Biofuels for Transport. In Future Energy; Letcher, T.M.,

Ed.; Elsevier: London, UK, 2014; pp. 215-244.
2. R\ tlizatipnf Biefuels-in Spark-lgnitiom&Enginesg, K.; Peng, P.; Addy, M.; Cheng, Y.;

Geet al. Biofuels: Introduction. In Biofuels: Alternative Feedstocks and Conversion Processes for the

Bl oA By LA 4 AR B SR AR L Ate VR, Y SrSeREe aPrlsatons st meet
e B, o A, R BT & RS e MR L e R S s re
theé:irﬂlgar burning velocity, vapor pressure, the boiling curve, and volatility “=!. Against this backdrop, alternative
fuels for Sl engines can be categorized as either liquid biofuels or gaseous biofuels. Liquid biofuels include
SlodiRBRNRRIiaRoP athRAeIS e EPd anyganaiensiveg eialaLilsrd fally apiksyerermdiftrent the
prefieetP e asial srinalssies RipdusipgbiafurkecadialoSuer AsaMAdE: B3, QhickOhclude: (i) higher
LI BN, BN GBS S S P8 B A2 BRES 2 IUEERS) S/ ROPHIAR PRE oL lower
SUlfHEGRBIBI $tARENHiLERIME U Rof YT L 4 5Kl RN RS HRS LD AP RIORSSURS: BIARE REnifigethano!
haschHNERAISAINR HEAT Al ABHTRTER SATRAIRA B RR ISt AR R SER ki {81y S8R eE AuginArvg 5B drah
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&ybppavnteRt; RpmasaRel YApday@saoranrebyNenin, Iblvét@xsaissto vsladigchigarieckungoeasrits during
filliry @d igsestuehedatd @inginewAr reariaw:- B ustirdgdhaatio Hrag. 2R310nel BieB] Ces2RDyg in lower carbon-based
TRATRR, WRE BGE TS S Bt KT oA CESEaI R RroRIL A8 SiolfdLte ™ O for
alcohol fue{s lower czﬁor}ﬁiﬁ valuas compared to PBG fuels, r?sultin Cjjn Ioweb power output, glel cold, starting

n/Mg I S.

(0] u
production using oxidic species as active, selective and reusable heterogeneous catafys

I It of the hi heat of izati I f ble fuels, (iii) th ted nat f
progfaonrlgsaosu%r&%pr%cegs.l%lﬁl&ni, ﬁa of vaporization values of renewable fuels, (iii) the oxygenated nature o

the alcohol-based fuels, which leads to the generation of more NOx, although NOx emission is reduced due to the

1RgR Isea% etk vApofagsiMalab b Mathimruels, Atabani, A. Optimization, kinetic and
thermodynamic studies on sustainable biodiesel production from waste cooking oil: An Indian

Biopesspectidetomosle? (R0 r)iids1dithé2 s raw biogas or enriched biogas. Raw biogas is approximately 60%
1T BENS BN R RR S YR G T B QROS e B A RSB SfST [Eoza uper flame
veI?_cii)tri]eéoa}]r]c{ﬁzlioggﬁej?lgﬁ T@?Efgmpared with gasoline fuel. SI engines fueled with raw biogas thus have poor
combustion characteristics, lower thermal efficiency, higher specific fuel consumption, lower power output, and
IdgRinihiddiohberereaiion it aadadedviansedirRiolurkRyqdsc Hanidrihrek ResprratuRarRE: lower
calSTR¥ANRLAIRISY Bovstaity bt e ATd-LaRar@4Re quality of the unrefined biogas, the CH4 content of

118e RSN e vRZaRRthanA M eV ARofiren Rt VA NCIR RIS ARG oF B g @aRe P iRkBS s
callph B RRA i SRS e A RISV RECKiSaTg S I LTS rithl YRsinus fSrrRpRIagiBSc ARFhtechniaues
hav&%bs,qﬁﬁ%%?ﬁgw_ q@q{@ﬁdEﬁteIPayszglg’zaﬂgo?%g@gm_scales, to upgrade and enrich biogas, including

physical and chemical absorption, gas filtration, low-temperature separation, and various methods of scrubbing 1
1% 2F@heydy Can biofuel policies reduce uncertainty and increase agricultural yields through

stimulating investments? Biofuels Bioprod. Biorefining 2019, 13, 1224-1233.

15YHPHRTIANGN BRaPFRISTS BIBAIEILY A SRRAINGHRT BREHBHTP RS ABMONASRYIH AT Afet treating
andaygfangtief i PaetisiGerdy i dweiaperaiiRibA! @RaYe £6RAUBAS feiizer production, glass purification,
and other applications, has also found uses as an alternative fuel for Sl engines as part of emission mitigation
16; PEROI Beal2l 130 Bt Y SR BSOS T AVQTUE 5 TUGF B SQETSANLE SANBRIONR about
o5e ISR SRS OB RIGL oM SR &R h LA HG R L RIRIHE 9 il vy hOE RN 4 B Bss
@].19/5%05% technologies have been deployed for the production of hydrogen to meet its growing demand.
1hdlogemivel, TogyowcieMiThedntpelecvbeeemivalbiecthodeggredhsuhipeonaon tientmeiedinedoailibave been
emploigdnts ffempdelsiope dfcbytioies. Renevaribuerepure305% 5l Bdidgd.is also generated using

biological routes, including direct and indirect bio-photolysis and dark fermentation and Xhotoferm_entation with
18. Schuenemann, F.; Kerr, W.A. European 4pion non-tariff barriers @]Imports of African biofuels.
organisms like cyanobacteria and green algae ¢4, Sharma and Ghoshal surveyed various technologies for

Agrekon 2019, 58, 407-425 _ o _
hydrogen fuel productlon, including steam methane reforming, gasification of coal, electrolysis of water, and

1RcMaltigdauRng hidaaramdhsieaastirythe dypieatichGf BreteifaLyclehansesragt of dngitel has
beddr aspdetéanylndatafs pisdaicredd @8 Bustainable Future; Ren, J., Scipioni, A., Manzardo, A., Liang,
H., Eds.; Elsevier: London, UK, 2020; pp. 255-271.

Bioethanol is one of the most prominent biofuels because of its eas%_productlon method and the use of native and
20. Siddiqui, M.R.; Miranda, A.; Mouradov, A. Microalgae as bio-converters of wastewater into biofuel
readily available raw materials. as feedstocks. Bjoethanol'|s produced through the fermentation of varipus raw
and food. In Water Scarcity and Ways to Reduce the Impact; Pannirselvam, M., Shu, L., Griffin,
materials including sugarcane molasses, sugar beet, sweet sorghum, rice, potato, sweet Eotato, barle% and fruit
G., Philip, L., Naftarajan, A., Hussain, S., Eds.; Springer: New York, NY, USA, 2019; pp. 75-94.
and vegetable waste. Fermentation is a biochemical process for the anaerobic conversion of the simple sugars

2dptHngde. thom. gty st b ugiacéliuRdaic MioPasiores RRRiPatis plodiriiiel REPEBEeN draighocellulosic
lignocellulosic biomass. In Sustainable Bioenergy; Rais, M., Ingle, A., Eds.; Elsevier: London, UK,
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bio@2a39;ipp. SdhpiSGhigars is a complicated procedure due to the existence of long-chain polysaccharide
| it therefore d id ) . . .
ﬁ?@ggseﬁé\a},n gf{}.;%gél e\(/eg,]a(efjé.aeosrnoﬁc?snl%nﬁ?spropertles and challenges of algae biomass for

biofuel lication: An qverview, Fuel 2016, 181, 1-33 _ _ -
There are %H?ge types 6Af\ molcroorganlsms frequentI])'/ utlléeg for the conversion of lignocellulosic biomass to

23odleyer; Keablewnaateyil, Arguatagfoiyagsis HtwvalpEiiés emissitiesh@setharnm@adisiircursfexda)ation of
bioftasatabipAtbaovintingaiteyar, the yNewSwrch&omhgses Sernger, Spwatiaret 2020ppratdd 6£B845C, pH
22 PAlUAT S RS, e mance and allr By ShanvSis SRS I L tiRud? firect ™ 29 the

P T SR A IR S p PSRl W TR AR Rl bioPe s ek MU L REmG MElRT 2850 7 A5
resilﬁil}g%%an ethanol yield of 99.78 g/L [#2l have been used for commercial production of ethanol.

22.2:ddtilizationhef Bipfuels imoGoaripréssiondgaitieryEngilvesa: A case of bioethanol and

biodiesel production. Energy Rep. 2020, 6, 77-88.
Compression ignition (Cl) engines have better thermal efficiency than Sl engines and have found applications in

28 fandIeys SicRaIR9 Pt NG VAN ARk D sl 15 e B dn RIS RO SSY RO PG Re

fue?%S&')vﬁeerrEV\én%M%%alrg'SL'I:rtgqrg% %%V'pggrz gér OZrZﬁa%gg E?'sl?%'hazardous emissions, particularly of CO, UHC,

2YOK fidPczydk NO2F ramt RIVISof Eraerzeike ) fuSlkdekittz PRRdIyalisTOE reslection afdnels farfzbdogitien isflsskd.
prirbéoifueds. ineFeseredinybeasfahthd Stiell idneatonditSeidortifit @gifesencst Berfiseedno fortRraliteria,
narieiy &i8pmenty Jelgaea;ursiveia aRRraplava P POHOpLiatvia himiversieysity| died Siiepsitys smead, and low
aro?r@(tilqmmdre@ﬂmgava,s_batvfaelznqg;qmpunfeﬁ@@m_wo@ilion, combustion without knock, and smooth running
of the engine, Bigdiesel, Fischer=Tropsch (F-T) fuel, and dimethyl ether (DMEI‘L| are the preferred renewable fuels

28. Chua;, S.Y.; Goh, C.M.H.; T[%_&L Y.H.; Mubarak, N.M.; Kansedo, J.; Khalid, M.; Walvekar, R.;
for ClI enﬁlnes because of their higher cetane numbers and |lower levels of olefins and aromatic-structured

Abdullah, E. Biodiesel synthesis using natural solid catalyst derived from biomass waste—A
hydrocarbons compared to PBD fuels. Furthermare, biodiesel and F-T fuels have higher flash points than PBD
review. J. Ind. Eng. Chem. 2020, 81, 41-60.
fuels, but F-T and DME fuels have better cold flow properties than biodiesel.

29. Morato, T.; Vaezi, M.; Kumar, A. Assessment of energy production potential from agricultural
BiogissiduawliitsButinis. ReadweSuseaine BoweyyRewines 0ud 02 tHed—ctBiracteristic oxygenated fingerprints,
which support complete combustion. Though the combustion, performance, and emissions_characteristics of

30. Islas, J.; Manzini, F.; Masera, O.; Varg%as_, V. Solid biomass to heat and ﬁower. In The Role of
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