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ABSTRACT: Crude oil exhaustion and greenhouse emissions have remained a global concern till date. Domestic production of
biofuel blends and micro-emulsion as substitutes for conventional fuel in tackling greenhouse gas emission has challenges like
feedstock inadequacy, fuel-energy content, compatibility, oxidation stability and other automotive fuel property issues. Strategies
to address these issues are discussed in this study. Case study of Nigeria shows that an annual conversion rate of 6.9/3.3% (2.1: 1)
of cassava wastes will meet its EL0/E5 blend from local production capacity. An effort has been made to correlate existing ethanol
and biodiesel yields, Eye and €ys with expected oil yield as a function of gasoline and diesel shares, og and og per hectare of
cultivation, to generate total oil yield per desired short and medium term biofuel targets utilizing selected feedstock at applicable
yield bounds. A typical E10 gasohol from cassava will need 16,133 and 28,543 hectares from cassava plantation to meet its annual
short and medium term biofuel targets. The r2-square value of 0.6402 for CF/Speei and 0.9044 for CF/Spyp is an indication that
more litre/tonne volume of ethanol could be produced from CF/Spee except for in consistency when ammonia extract and urea are
used as nitrogen source. Specific energy for direct ethanol fuel cell (DEFC) from daily production capacity equivalence of E10 per
annum is estimated at 2.34GWh/Kg. Biofuel and fuel cells are good alternatives to explore as replacement of fossil fuel in

automotive application.

KEYWORDS: Automotive fuel; greenhouse gas; feedstock; wastes; micro-emulsion; biofuel; fuel cell.

NOMENCLATURE

r-squared - Coefficient of determination
Cr/Speer - Cassava flour/starch Pulp
Cr/Spup - Cassava flour/starch Pulp

Exx - % of ethanol in bioethanol blend
Bxx - % of biodiesel in biodiesel blend
ASTM - American Society for Testing and Materials
ES - European standard

Ha - Hectares

RU - Rubber seed upper yield

RL - Rubber seed lower yield

Lit - Litre

GHG - Greenhouse gas

INTRODUCTION

The global automobiles count has increased exponentially,
trending with utilization of battery electric vehicles,
synthetic fuel and fuel cell in the recent times, accounting
for significance of the transportation sector in global
economies. Developing economies account for about 10%
of the worldwide automobile population and a little over
20% of the transport energy consumption [1]. Demands for
Motor vehicles have contributed to hazardous emissions
such as oxides of carbon (CO.), (CO) and oxides of nitrogen

(NOy), making it a contributor to air pollution in urban
environments  [2]. Quality air examination by
environmentalists on automobile pollution rate is therefore
essential [3].

Dependence on fossil fuel over time may not be sustained
given the swift increase ofpopulation, energy utilization
andco-development activities in science, technology and
socio-economic [4], wherein the recent proven reserves of
some countries are exhaustive. Environmental challenges
associated with fossil fuel burning is a major cause of green-
house gas which causes changes in climate, drought
emergence, spread of diseases and uneven distribution in
population sizes of both plant and animals [5, 6]. Within the
last quarter of a century, about seventy-five percent (75%)
man-made CO; emissions results from burning fossil fuels

[6].

Oil crisis have prompted biofuels as alternatives to fossil
fuel by combating the adverse effects of carbon deposits and
engine injector coking. The use of biodiesel in automobiles
has attracted substantive prominence with the aim of
improving the viscosity of conventional fuels by blending or
diluting with certain percentage of biofuel. Caterpillar Brazil
utilised 10% (E10) dope of vegetable oil in diesel to ensure
total engine power maintenance without adjustment or
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modification [7]. Biofuel production is from dual feedstock
(see Figure 1); first and second generation biofuels.
Production of biofuel from vegetable oils and fats from
advanced feedstock are by a chemical process named trans-
esterification, a process by which a caustic soda catalyst,
methanol (alcohol) is reacted with oil or fat, producing an
ester and glycerol. This process helps to remove the
glycerin, the secondary product of biodiesel production [8;
9]. More so, the conventional conversion systems of

extracting the sugar in sugarcane, and starch in cassava
feedstock consist of microbial breakdown (yeast, hydrolysis
and saccharification, respectively) to ethanol through
fermentation. For example, tropical feedstock for biofuels in
automotive applications is shown in Figure 2. This is
already a directional gap in fuel science, which Automotive
Institutions should explore for emission substitution and
better specific energy content.

First Generation Biofuel Feedstock, e.g.,
cassava tuber, cereal from sugar beet and
Sugarcane conversion to biofuel.

Technolo
gies

Second Generation Biofuel feedstock, e.g. micro-
algae and Jatropha conversion to biofuel

Figure 1: Biofuel Technologies [10]
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Figure 2: Some potential sources of biofuels for Automobile application[11].

Local Demands and Economic Status Of Biofuel

Global energy demand across the world is an outcome of
economic development at all levels from industrialization
and modernization. As at 2008, only 7 states in the United
Statesare yet to have E85 fuel in market to the public [12;
13]. It was reported that total biofuel consumption per day in
the USA is 1.09 million barrels per day [14]. Nigeria’s
import from 2005 to 2007 was 112.04, 22.28 to 114.89
million litres of ethanol, and still imports till date [15]. It’s
national biofuel policy target of 100% by 2020 as reported by
Ohimain in 2012 [16] which projects that a 10% gasoline
substitution demand for ethanol is 2.0 billion litre per annum

Table 1: Biofuel targets of some selected countries

while the 20% diesel substitution demand for biodiesel is
900 million litres, respectively in 2020, and are yet to be met.
Annual energy demand rate of United State and Nigeria are
36.2% and 20.2%, and energy security remains a key issue
when external factors influences the economic terms of any
country. The demand for biofuels is much larger than those
of chemicals in the market[17]. Biodiesel is a good lubricant,
and is reported to be better than petro-diesel by 66%[18].
Typical case of Nigeria and United States’ biofuel targets
and gradual preparation towards the exhaustion of its reserve
(Table 1).

SIN | Type of Biofuels

0 - 5 yrs (Short Term)

10-15 yrs (Medium Term) | >15yrs (Long Term)

diesel/fuel oil consumption, %)

1 Bioethanol (Target as share of | 325% 57.5% n/a
gasoline consumption, %)
2 Biodiesel (Target as share of | 2.6 % 18.2 % n/a
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yield, total crop vyields (Target as | 7.3%
share of finished motor fuel:
gasoline, distillate and jet, %)

3 United State Biofuel on Corn crop | 25% (2007 -2012), | n/a, 8.8% n/a, 55%

Source: [16; 17; 19]

Biofuel Potential (Nigeria as Case Study)

Oil export from a country like Nigeria between 2009 and
2013 was averaged 2.4million barrels per day (b/d) of oil,
and 2.44 b/d in 2005 but has plummeted to about 1.9 million
b/d in 2015 [20]. Based on 7% projected growth rate, sector
energy demand is expected to rise to 112.67 and 224.54
mtoe in 2020 and 2030 [21], considering the current
estimate of 37 billion barrels from oil reserve in its daily
production capacity of about 2.5 million barrels of crude oil.
This implies that at the current rate of utilization, the oil will
be depleted in 32 years from now [22].Over-reliance on
petro-fuel is being addressed by adopting locally available
biofuels cultivated from feedstock for energy security.
Expected minimal green-house gas (GHG) emission, better
fuel characteristics for vehicles, employment rise can be
sustained through a national biofuel policy and inducements.
This bioenergy resource can be fully optimized from
blending of biofuel with conventional petro-fuel to relatively
high performing stand-alone agricultural feedstock. Jatropha
plant is bountifully used for non-oil production purposes
like fencing land boundaries in the eastern region of Nigeria
and a handful of plantations have been established in the
Northern Nigeria as pilot studies to check desertification
[23].

Nigeria has about 20 bioethanol projects, with another 13
coming up, earning the projects a pioneer status grants since
their production facilities run on domestically sourced
feedstock in the production of fuel ethanol and/or power
cogeneration [24]. This pioneer bioethanol project
implementation policy includes the Nigerian National
Petroleum Corporation (NNPC), Global Biofuel Limited
(locations at Edo, Kogi, Osun, Ondo, Kwara, Niger,
Kaduna, Ekiti, Oyo, and Plateau states), Ethanig Nigeria
Limited, Savannah Sugarcane Factory (a subsidiary of
Dangote Industries Ltd), KwaraCasplex Limited, EKiti,
Ondo, and some other state governments. Among the twenty
(20) pioneer projects, ten (10) bio-refineries were designed
to use cassava feedstock, eight (8) used sugarcane while
other remaining two (2) are intended to use sorghum.

The biofuel feedstock detail includes sugarcane in
Kupto, Gombe state, Buruku and Agasha, Benue state;
cassava in Okeluse and Ebenebe(Ondo state andAnambra
state) and oil palm in Cross-River state. Its projected

mechanized plan is to have farm landmasses for 200,000
hectares (ha) of sugarcane; 150,000 ha of cassava; 125,000
ha of oil palm and 125,000 ha of jatropha[24], respectively.
Automotive biofuel (ABF) project by NNPC on electricity
generation from sugarcane feedstock through bioethanol
production from its various dispersed projects per year is
estimated at 345 million litres, to generate 187 — 192 MW of
electricity from an estimated 74,374 hectares of land
cultivation, Ethanig-Starcrest ethanol production from
sugarcane is estimated at 200 million litres for electricity
generation from 100,000 ha of cultivated land while
Dangote Industries (savannah sugar company) ethanol
production from sugarcane is 1 million litres (and includes 1
billion tonnes of Sugar, 100, 000 tonnes fertilizer and
300MW electricity) from estimated 96,000 hectares of land
cultivation, respectively. The cassava ethanol production by
NNPC, Kwara Casplex limited (kwara state), EKiti state,
Taraba, Niger state, Ogun state from cassava are 80-120,
38.86, 103.1, 72, 27 and 3 million litres from 30,000;
15,000; 27,500; 30,000; 15,000 and 5,000 hectares of land
cultivated [24], respectively. The projection by Global
biofuels Limited (Nigeria) from bio-refining of sweet
sorghum is estimated at about 114.8 million litres on 41,000
hectares of land cultivation [24].These would yield several
tons of oil seeds annually per hectare. Meanwhile, this
specific phase is expected to aid a swift growth, self-thriving
and market-driven production of biodiesel in the Nigeria.

Many researchers have pointed at the biofuel
potentials in terms of biofuel substitutes and strategic
policies to meet energy demand, however, none of them
have itemized steps to estimate the biofuel-energy mix to
meet targeted proposition and extended energy demands.
Since feasibility has been established through existing
plantation coverage, nurseries development, seed collections
and oil extraction, trans-esterification, blending and
domestic marketing are already in existence, this paper
presents a forecast of feedstock-fuel target, from waste and
agricultural feedstock to meet automotive energy target. The
prime objectives of this paper are:
to review the energy situation, potentials of biofuel resource
(BFR) and blends as alternatives to conventional fuels.
to estimate the expected waste, land usage and specific
energy for fuel cells using Nigeria as a case study.
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Figure 3: Nigeria Automotive Fuel Distribution: Emerging [22] and Future Target;
NNPC: Nigerian National Petroleum Commission; KCL: KwaraCaplex Limited; ESP: EKiti State Project; TSP: Taraba
State Project; NSP: Niger State Project; GBLP: Global Biofuels Limited Project.

MICRO-EMULSION AND BIOFUEL BLENDS

Heating, trans-esterification, and micro-emulsification are
diesel substitute making methods. The widest commercial
application of diesel fuel blends is through trans-
esterification, although, hybrid fuels from micro-
emulsification were reported as been more suitable
substitute for diesel fuel [25; 26]. Conversion of vegetable
oil, animal fats and feedstock to biodiesel and bioethanol
depends on feedstock characteristics (Table 2), i.e. jatropha
oil from jatropha seeds involves two simple mechanical
operations and palm kernel oil from palm kernel takes only
a two-in-one mechanical process in the local production of
the oil [27; 28; 29], as shown in Figure 3. But, it is reported
that the spray atomization by the fuel injectors into the
combustion chamber is characterized by viscous and
peculiar chemical properties, and choking may set in as the
oil is 11 to 17 times thicker than conventional diesel fuel,

the high viscosity can be reduced by alcoholysis[30]. These
ways the synthesized fuel properties are made more similar
to the conventional fuel types (biodiesel and ethanol/ diesel
and gasoline).

Micro-emulsions are described as clear, stable
isotropic fluid of equilibrium colloidal dispersion ranging
from 1-150 nm formed by spontaneous blend of two
commonly immiscible liquids with one or more ionic
amphiphiles[31], i.e. oil and aqueous phase as well as a
surfactant. Direct or diluted blends may not require a
surfactant but they still reduce associated viscous
characteristic and engine performance issues like injector
coking and the carbon deposits creation. Jain and Sharma
reported that existing micro-emulsions from alcohols
(e.g.,butanol, hexanol and octanol) meet the intense
viscosity limit of diesel engines [32].

Table 2: Property Comparison of Common Fuel Types in Nigeria.

SIN | Vegetable Oil | CN HV Viscosity Cloud | Pour | Flash | Density Fuel Type
types (kd/kg) | (mm?/s, Point | Point | Point | (@ 15°C,
Temp) (°C) (°C) | (°C) | kg/m®)

1 Diesel 47 42313 2.7 (38°C) -15.0 -33.0 |52 870.20 Conventional
2 Gasoline 17 42400 0.44 n/a n/a -43 682 Conventional
3 Palm oil 42 n/a n/a n/a n/a n/a 910.1 Biodiesel

4 Rubber seed oil | 46 9563 40.86 3.2 -2.0 152 880 Biodiesel

5 Jatropha oil 51 39700 51 (30°C) 16 n/a 242 932 Biodiesel

6 Soybean oil 37.9 39623 32.6 (38°C) -3.9 -12.2 | 254 997.5 Biodiesel

7 Coconut oil n/a n/a n/a n/a n/a n/a 924.27 Bioethanol

Source: [1; 27; 33; 35]; n/a (not applicable)
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Synthesized biofuels has no petroleum constituents, but can
be blended at varying proportions with conventional fuels to
generate various grades like bioethanol and ethanol as Bxx
and Exx grades (Figure 3), respectively. Without any special
adjustment in the compression ignition (CI) or spark ignition
(SI) engines, the mix has been described as quality
alternatives by the vehicle and engine manufacturers’ up to
20% at ASTM D675 specifications [34]. Pre-processing of

each feedstock differs, but fermentation (carbohydrates into
ethanol), distillation (ethanol to aqueous ethanol, 95% by
steam distillation) are same, because of the formation of
water-ethanol azeotrope from the fermented mash and
dehydrating process (gasoline miscible by-product through
residual water removal) to churn out anhydrous ethanol
(>99.5%).

- . Pre-process:
[aredod o LPreprocess | o ey

I Starchy Feedstock |9 Pre-process :
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il - /Enzyme Hydrolysis
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Figure 3: a: Ethanol Production before blending from different feed stocks;
b: Flow diagram for biodiesel production
Source: [8, 30]

Chemical synthesis vyields better quality than
mechanical process, i.e., extraction and yeast-fermentation
of sugar-crops (simple sugar) produces a first generation
ethanol, of 70% less energy due to higher octane value when
blended with gasoline, whereas, the biodiesel produced by
chemical process of trans-esterification of oil using ethanol
or methanolgenerates88 to 95%of traditional diesel energy
content, giving improved lubricity andcetane value, with
fuel economy delivery capacity of traditional diesel [8]. The
scarcely available advanced technology for the
commercialization of the second generation ethanol through
lingo-cellulosic biomasses such as waste seed husks and
stalks should not limit the production of biofuel from other
sources [36],Short and long-term engine testswhich have
been carried out by researchers on different plant oils
through chemical alterations and blends with diesel fuel to
prevent premature engine failure includes Bruwer et al.,
(1980b),they studied the performance of sunflower seed oil
(100%), as a replacement for diesel fuel in a farm tractor
operation [37]. They reported an 8% power defect over a

thousand (1,000) hours of operation, corrected by using
injector pumps and fuel injectors. They reported that there
was carbonization after 1,300 hours of operation which was
same measure with a 100% diesel fueled engine, except for
the excessive carbon on the injector tip. Oyebanji et al.,
(2017) examined the bio-oils make up developed by swift
thermal cracking of two (2) energy biomass, namely; west
africancordia (Cm) and africana birch (Al). They reported
that with the use of a gas chromatography-mass
spectrometry (GC-MS) analyzer that sawdust from the two
biomass produced pyro-fuels usable as fuel and raw material
for processing chemicals manufactured after purification
[38]. Audu and Aluyor, (2012) conducted a study on the
potential development of bioenergy and biofuels technology
in Nigeria. They reported the method of biomass based
diesel and Fischer-Tropschgasoline (liquids), and power co-
production as a vital stride of boosting the national energy
through bio-energy. The automobile sector may profit well
from the co-existence of the present delivery arrangement of
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this Fischer-Tropsch liquids on a medium/long term when
adopted [39].

Effect of Fuel Compatibility and Viscosity on Engine
Performance

According to Uriartes (2012),the most challenging factor in
using biodiesel engine fuel is oxidation instability(moisture
content), carbon residue (ash content), flash point
(temperatures and volatility), and cetane index (delay
interval and combustibility), viscosity (injector lubrication
and fuel atomization) and density (weight per unit volume of
energy per litre) [30].Chemical composition and storage
conditions make biodiesel susceptible to oxidation [40; 41;
42; 43]. Compatibility of biodiesel with automotive
materials is equally important [44; 45]. Report reveals that
biodiesel absorb moisture (ASTM E203, 0.050 wt. %) with
time compared to conventional diesel, which will affect
combustion [35]. Also, the heating value, viscosity and
lubricity of biodiesel feedstock have less energy per unit
volume effect of 3-6% on the engine performance compared
to traditional diesel fuel[46]. Typically, fall in fuel economy
is 7% for every 10% biodiesel blended with a drop-off of 3—
5% of similar ranged peak engine power [47].

Classical research inferences revealed that power reduction
and increased fuel consumption is true for biodiesel engine,
but magnified, especially with micro-emulsified hybrid fuel
based surfactants that has improved diesel- oil-water
solubility producing homogeneous mixtures of single
phase, e.g. n-butanol which is more stable and less viscous
[48]. Meanwhile, adequate mixing by dissociation of bulk
liquid jets to small droplets for complete combustion in an
injection engine reduces emissions and increases engine
efficiency after the reduction of the biodiesel surface tension
property [49]. Biodiesel atomization due to large sauter-
mean-diameter (SMD) can be enhanced by blending it with
ethanol which has lower kinematic viscosity in order to
improve its viscosity [50]. According to Engine
Manufacturers Association (EMA), a 200-hour engine
screening test with fuels likediesel:butanol:soybean-
oil:cetane-improver  (33:33:33:1), diesel:190  proof-
ethanol:soybean-oil:butanol, (50:5:25:20) and soybean-
oil:2-octanol:methanol:cetane-improver, (53:33:13:1) were
reported to show performance potential comparable to that
of diesel fuel [51]. An actual field test conducted by LAUD
Technologies on an old cargo truck using different micro-
emulsified hybrid fuels (MHF) blends ranged MHF5 to
MHF30 for several months over a distance of 8,000
kilometers reveal that there was a vanish of the normal black
smoke, greater acceleration and pulling power, with 2-5%
enhancement in fuel utilization. Engine was opened before
the field test was carried out and after 8,000 kilometers for
observation but there was negligible change in the
appearance and inside-engine condition [30].

Effect of Fuel on Wear, Corrosion, Clogs and Low
Temperature Emission Effect

Biofuel’s lubricity reduces engine wear due to its gel
nature at high temperatures which helps to prolong
engine lifetime. Short-period engine wear from the
utilization of biodiesel had been reported to be lesser
compared to petroleum diesel [30]. Therefore, engines are
expected to have lesser wear in the longterm run even with
the smallest percentage of biodiesel addition to conventional
diesel (B1; 1% biodiesel, 99% diesel) due to air-quality
advantages [52]. On corrosion however, the absorbed water
will reduce the combustion heat and lead to corroding of
important fuel system components such as fuel and injector
pumps, fuel tubes. The ASTM D2709 and ES ISO 12937
standards help to constrain the amount of water to 0.05 vol.
%.

On clogging, low temperatures results to wax formation at
cloud point (CP) and pour point (PP) levels, i.e., insoluble
gums from oxidation of low quality biodiesel can block fuel
filter and affect engine durability considering the cloud filter
plugging point (CFPP) from ASTM D6371 point of view. If
fuel quality is high enough, fuel oxidation and deposits on
the engine should normally not be pronounced, according to
Adebowale et al., (2012), and Adebowale and Adedire,
(2006). They reduced the soapy formation ability of the
vetiaperuviana seed oil by a one-step pre-treatment via
trans-esterification to give a biodiesel yield of 98.02%, and
also reported the modification of the chemical properties of
Jatrophacurcas seed oil to give an impact resistance and
chemical resistance properties [52; 57], respectively. The
quality biodiesel results in much less air pollution (high
oxygen constituents), does not contain both aromatic
compounds and sulphur, carbon monoxide, soot formation,
small particles, and hydrocarbon emissions (by > 50%),
reducing cancer-risk attribution of diesel-biodiesel blend up
to 90% [30], with reference to ASTM D445 and ES I1SO
3104 specifications. Proper tuning of the engine can
minimize the nitrogen oxide (NOy) emission associated
problem of biodiesel use. Also, peak heat release rate
(HRR), maximum pressure gradient (MPG), peak in-
cylinder bulk-gas-averaged temperature, total hydrocarbon
(HC) emissions, opaque smoke, and NOX emissions
increases with increasing degree of unsaturation [58; 59;
60]. Though, unblended biodiesel operates well at
temperatures of about 5°C, cold flow additives or improvers
like 0S110050, Bio Flow-870; Bio Flow-875 and diesel fuel
antigel are able to improve the operation range within 5 to
8°C to temperatures < —20 °C workable range [61].

Effect of Production Process on Yield

Towering rate of conversion, low cost, corrosiveness,
and temperature requirements has made NaOH a good
choice in the production of biodiesel from vegetable oils
[62]. More so, the most used solvent is methanol among
other alcohols, and it is as a result of its good polarity,
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recovery, and low cost, although it increases rate of reaction
[63; 64]. Free fatty acids (FFAS), contaminants, reactor type,
agitation speed, reaction time, temperature, catalyst type and
concentration, solvent-to-oil ratio, solvent type are vital
choices [65; 66] for a good quality oil yield during the
biodiesel production. Halim et al. (2009) compared the
biodiesel production of cooking waste oil to palm oil [67].
They reported that biodiesel yield from waste cooking oil
was lower compared to palm oil as a result of towering
water content that led to substrate hydrolysis and
subsequently a cut down on yield [68; 69]. Ademiluyi and
Mepba examined the ethanol yield and properties of five
different cassava flours [70]. They investigated the effect of
yeast quantity, cassava flour converted to acid, mineralized
media ratio of ethanol yield, and the physical characteristics
of ethanol produced from the several cassavas. They noted
that the density, distillation range, flash point and
viscosityof ethanol produced vary slightly for different
investigated cassava types, while the ethanol yield and its
electrical conductivity varies significantly. They attributed
the yield differences of ethanol to variation of starch
content, protein content, and types of cassava dry matter.
They concluded that enhanced yield of ethanol from the
entire cassava flour is best produced from cassava types
having low protein content and fiber as well as high starch
content. Consequently, adoption of biofuel may unburden
fossil fuel dependence by diversification.

Biofuel from Residual Wastes

Production of biofuel from wastes (food, municipal,
agricultural, etc.) has great potentials. The report by ASABE
§593.1 standard describes biomass as consisting of plant or
animal based organic materials, including agricultural
produce like food and remains of fiber crop, aquatic plants,
forest woods, agricultural wastes, bio-based sectors of

Table 3: Wastes Resource Collection in Nigeria. [78]

industrial and municipal wastes, processed products and
other non-fossil organic materials[71] . There are three
major classes of biomass, namely; primary, secondary and
tertiary biomass [71]. The primary biomass types are direct
product of photosynthesis from the field or forest, i.e. grains,
perennial grasses, wood crops, crop remains and remains
from logging and forest operations. The secondary biomass
includes remains andfrickle of food, feeds, fibers, fuel-wood
and materials from processed plants (i.e. sawdust, black
liqguor and cheese whey), and manures from concentrated
animal feeds. Tertiary biomass sources are post-consumer
wastes like fats, greases, oil, construction and demolition
wood debris, wastages of wood from urban environments,
municipal solid s as well as landfill gases [71]. Wan Omar
and Saidina Amin, (2011); Yaakob et al., (2013) reported
that the use of biodiesel from renewable resources, such as
food wastes (FW) and waste cooking-oil is low in emission,
non-toxic, biodegradable, and carbon neutral [72; 73].
Hence, records for better perspective on collection and
planning for most renewable residue is necessary to meet
biofuel targets. Yaakob et al., 2013, Chen et al., 2009,
Mahmood and Hussain, 2010, Papanikolaou et al., 2011,
Pleissner et al., 2013 reported that food wastesare converted
to fatty acids and biodiesel using trans-esterification of
microbial  oils produced by various oleaginous
microorganisms. Figure 4 highlights the different phases of
world food wastages in the food supply chain. The
inefficient harvest methods, unsuitable infrastructures,
processing and packaging facilities, as well as inefficient
marketing information are the challenges associated with
biofuel production from wastes. This involves a good plan
to collect, recycle, process, and dispose of waste materials in
many countries [73; 74; 75; 76; 77],i.e., the wastes resource
collection extent in Nigeria is highlighted in Table 3.

SIN Biomass Type of Resource

Production

1 Fuel Wood 0.120 million tonnes/day
2 Animal Wastes 0.781 million tonnes of wastes/day
3 Energy Crops &Agric Wastages 0.256 million tonnes of assorted crops/day

Incidentally, Melikoglu et al., (2013) and Katami et al.,
(2004) reported that the traditional waste management
system of landfilling and incineration with and without
energy recovery fromfood waste (FW) with other municipal
solid waste (MSW) gives carbon dioxide, oxides of
nitrogen, sulfur dioxide and traces of toxic pollutants, like
dioxins [79; 80]. Meanwhile, Adhikari et al., (2009) noted
that 8% of world’s anthropogenic methane emissions are
from landfills [81]. Melikoglu et al., 2013 recounted that the
processes require environmental consideration and

prioritization [79]. The prevention of the carbon, nitrogen,
phosphorus and mineral wastes generated during food
supply chain (FSC) needs modern strategies based on
nature-friendly  chemical technologies deployed to
accomplishing economical and environmentally sustainable
development in the value-added products from the
conversion of FW. According to Lin et al., (2013), the
practicability and economic benefit of FW conversion to
chemicals and biofuels have been demonstrated, using
technologies like microwave-assisted extraction of valued
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components, biological (i.e., fermentation) and chemo-
enzymatic methods in the synthesis of bio-derived products
[82]. Agriculture related waste dominates most in the food
supply chain and should be a primary target for the
production of biofuel (Figure 4) as Tjell (2005) reported that
the major challenge is that considerable percentages of

Waste from Agricultural
Production

Waste from Postharvest
handling & Storage

Waste from Agriculture

Waste from
Consumption

i
=
—_
]
-—
=]
=
=

Waste from Processing
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leftover food perishes and are not always edible, generating
ever increasing mountains of waste that need to be
considered for biofuel [83].

= Waste Phase Volume in
the Food Supply Chain

20 30 40

Percentage (%)

Figure 4: Phases of world relative food wastage in the food supply chain. [84]

INDIRECT ENVIRONMENTAL IMPACTS OF
BIOFUELS

The standard life-cycle assessment (LCA) of biofuels in
literatures establishes a total reduction in green-house
gas(GHG) emissions as a result of underlying perception of
system limits, associated-product distribution, and means of
energy utilised in agricultural input production and
feedstock to biofuels conversion for specific feedstock,
example is the co-generation of usable heat, electricity and
liquid fuel in certain biofuel production technologies. A
typical case is the ethanol, the process energy from
sugarcane wastage (bagasse) and electricity cogeneration
[85] all from sugarcane, estimate revealing the reduction of
GHG emissions of 90% by ethanol from sugarcane as

compared to an equivalent amount of gasoline [36]. Savings

will be more pronounced (i.e. 100%) in cases where the

cogeneration of electricity is made to substitute coal-fired
electricity from the grid [86]. However, a broad-scale
adoption of biofuel over fossil fuels may lead to release of
GHG associated with forest or land clearing to measure up

with increased crop demand to supply feedstock for biofuels

and food simultaneously. Use of nitrogen fertilizer for
feedstock production as an example will have its effect on
climate even as feedstock are indirectly intended to replace
fossil fuel [87]. This means biofuel-GHG savings reduces
with indirect land use change of existing cropland for
cultivation of feedstock (Table 4).

Table 4: GHG Balance of Selected Feedstock and Land Use Change Emission, 2005.

S.N | Feedstock | Previous Land Use | LUC: None LUC: Direct LUC: Indirect
1. Biodiesel

a Waste Oil | n/a -90 n/a n/a

b Rapeseed | Crop Land -58 -58 5to0 69

c Rapeseed | Pasture -58 -25 39 to 102

2. Ethanol

d Maize Crop Land -55 -55 -22t0 11

e Maize Pasture -55 -37 -51t028

f Wheat Crop Land -49 6 to 63

g Wheat Pasture -20 36 to 92

Source: [88]Fritsche&Wiegmann (2008) in [87] Fischer et al. (2009); n/a — not applicable

Where LUC= land use change;
LUC: Direct = emissions from land conversion to cultivate
biofuel feedstock;

LUC: indirect mean emissions arising from the conversion
of land;
n/a: means not applicable.
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Most of the particulate matters (PMs) and combustive fuel
emissions which threatens public health can be attributed to
the transport sector inurban areas [89]. So, it can be deduced
that in biofuel production, persistent burning of cleared
vegetation leads to smog, which affects human morbidity

and mortality negatively [90]. However, for the purpose of
better atmospheric condition, other synthesized fuel types
should be compared with biodiesel fuel as in the Table 5
below:

Table 5: Average Exhaust Pollutants Relative to Low Sulfur Diesel

SIN Fuel Type NOXx (%) PM (%) VOC(%)
1 B100 10 -37 -76

2 B20 3 -10 -24

3 B5.75 1 -2 -4

4 Unleaded Petrol -88 -95 -9

5 LPG -96 -95 36

6 CNG -89 -94 -73

Source: [91; 92 in 93].Note: Medium-sized passenger car based emissions.

LAND USE IMPACT AND TARGET

Conversion of non-agricultural land and diverse agroforestry
systems into growing biofuel crops promotes direct land use
change. Conversion may be designated at a larger level to
biofuel companies, with support from governmental
policies, atmedium scale to entrepreneurs with rights to
forest land use, or at much smaller scale by individual
farmers [94]. An indirect land use change is when a piece of
land that is currently in use for the production of food/feed
crops (e.g., corn) or croplands (e.g., corn fields) is diverted
into production of biofuels (e.g., corn-based bioethanol),
causing farmers to use non-agricultural land to replace the
displaced land for crop production. The global approximate
of land surface for crop production, grassland, forest and
urban settlements are 1.5, 3.5, 3.9, and 0.2 billion hectares,
out of the 13.4 billion hectares of earth’s land surface.
Deserts, mountains and other unsuitable land for productive
use fill the remaining 4.2 billion hectares [86; 95], and

Table 6: Ethanol Projection (Nigeria)

Nigeria has 81.8% agricultural land from its total land area
of 91,077,000 ha [96]. The biofuel target of any country will
determine the required area of land to cultivate. In order to
accommodate the production of biofuel, it is appropriate to
estimate beyond the traditional demands of agriculture and
forestry and accommodate wastages or residues. This
estimate should include population growth per capita
consumption, biofuel target, existing hectare of land per
quantity of biofuel production, needed hectare of land to
augment existing cultivation, etc. Several studies have
proposed different methodologies to estimate land
requirements for particular biofuel targets [97; 98; 99; 100;
93; 101; 102; 103; 104]. The Table 6 shows Nigeria ethanol
projection on the medium term where the nation despite its
abundant available resources as shown in figure 2, does not
have a record of any biofuel export but import. The nation is
however, yet to capture its overall production, domestic use,
import and exports (if applicable) on biofuel.

SIN Index 2015-17 2027 Growth Rate
(Million Litres) (Million Litres) (%)

1 Production 17 57 8.77

2 Imports 160 154 0.0

3 Domestic Use 177 211 1.74

4 Export n/a n/a n/a

Source: [105]; n/a — not applicable

Meanwhile, the target in table 1 could be realized without
import of biofuel if planned well such that there is balanced
distribution in cultivated land areas throughout the
geopolitical zones (or states) to achieve its targeted
projections in terms of projected gasoline and diesel
volumes.

BIOFUEL ESTIMATIONS
The production of biofuel to meet targets in this study
includes crops feedstock and wastes. It is expected that use

of feedstock andproper collection of waste is a potential
combination that will not cause food scarcity through
biofuel competition.

Biofuel Estimation from Waste

Wastes are most times scattered and needs to be collected
together. Waste production capacity by Nigeria companies
from cassava flour and starch production is 5tonne/day, from
average generation of 495kg wastes/tonne[106]. The nitrogen
source in different additives has its effect on the volume of
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ethanol produced (Figure 5). Nigeria generates 49.51%
wastes from its annual 57 MT (million tonnes) of cassava
tubers. The biofuel and animal feed manure percentages from
the wastes are 40 and 60% respectively. The cassava waste
conversion rate to ethanol is 150 litres per tonne[107]. The
E5; E10 (95% gasoline and 5% ethanol; 90% gasoline and
10% ethanol) requirement to meet up daily local refinery
production of 8 million litre (ML) of gasoline/premium motor

spirit (PMS) from cassava wastes in Nigeria is estimated as
3.3% (146,000,000 Litre/yr) and 6.9 % (292,000,000
Litres/yr). Ethanol extraction through yeast nitrogen source
produces most volumes (litre/tonne) and the coefficient of
determination shows that cassava flour/starch peel though
produces more volume than cassava flour/starch pulp but
lacks consistency when ammonia extract and urea nitrogen
source are used in ethanol production process (Figure 5).
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Figure 5: Nitrogen source-effect on ethanol production from cassava pulp and peel [107]

Biofuel Estimations from Crop Feedstock
It is assumed that plant spacing for global agronomic best
practice is same.

Selected feedstock:
Ethanol - Cassava, Sorghum, Maize;
Biodiesel - Palm oil, Jatropha and Rubber seed.

Targeted gasoline and diesel volumes, respectively: e
and yp (litres); Expected Yield and biofuel targets (EBT):
Ethanol and Biodiesel: ag and og (litres)

Existing Yield (EY) for ethanol and biodiesel:
Eve and Eys

0.575yp

Total Oil Yield (TOY) for ethanol and biodiesel: €ye + ag;
Eyp + 0B

EBT for Short and Medium terms (based on Table 1):
Ethanol on short and medium terms: ag = 0.325 ye and
Biodiesel on short and medium terms:
0.026y¢ and 0.18yp

og =

The oil yield (litre/hectare) of common biofuel feedstock for
targeted biofuel volume is given in the Table 7.

Table 7: Oil yield of common/projected feedstock in Nigeria, [108; 109; 110; 111; 112; 113].

SIN Feedstock Qil (Litre/hectare)
1 Cassava 6000
2 Sorghum 2800
3 Maize 2050
4 Palm oil 5950
5 Jatropha C. 1892
6 Rubber seed | 80
(RL 120
(i) Ru

Where, R. — Rubber yield lower limit; Rubber; Ry — Rubber
yield upper limit.
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Hence, projected number of hectare per vyield (litre) of
Ethanol as percentage (%) of targeted gasoline, Table 1 for
Short and Medium terms are given as;
Cassava (Ethanol, og, ci2 = 0.00017 * (0.325ys and
0.575ye) halit

Sorghum (Ethanol, ag, s12) = 0.00036 * (0.325vy¢ and
0.575v¢) hallit

Maize (Ethanol, og, m1.2) =
0.575v¢) hallit

0.00049 * (0.325y¢ and

Projected numbers of hectare per litre of biodiesel as % of
targeted Diesel, Table 1) for Short and Medium terms

aregiven as;

Palm oil (biodiesel, ag p1,2) = 0.00017 * (0.026yp and
0.18yp) ha/lit

Jatropha(biodiesel, ag, 1,2) = 0.00053 * (0.026yp and
0.18yp) ha/lit

Rubber seed (biodiesel, og, r) at 80 lit/ha = 0. 0125 *
(0.026yp and 0.18yp) ha/lit;
Rubber seed (biodiesel, ag, ru) at 120 lit/ha = 0. 0083 *
(0.026wyp and 0.18yp) ha/lit

*Note that RL and RU are Rubber lower yield and upper
bound levels, ha = hectares, lit = litres.

Nigeria’s production of E10 gasohol (10% ethanol and 90%
gasoline) from cassava will generate 59,485,947 tonnes and
285,714 jobs based on one direct job per hectare and one
off-farm in 2017 [114], its daily production capacity of 8
million litre of PMS from its domestic refineries in the
interim, will require 800,000 litre of ethanol (292,000,000
litre/annum) which can be supplied by cultivating 16,133
and 28,543 hectares of cassava plantation annually on short
and medium terms.

Energy Estimation of Fuel Cell (DEFC) from Ethanol.
Pursuant of energy for direct ethanol fuel cell (DEFC),
assuming uniform yield (Table 7) and equivalent daily
production capacity of (8,000,000 litres) PMS to ethanol
production requirement 800,000 litre of E10.
Specific energy of DEFC from Ethanol = 8.0KWh/Kg,[115]
Estimating an equivalent 8million litre (E10) target for
DEFC energy generation, specific energy of DEFC for
292,000,000 litre/annum

=8 x 292,000,000 = 2.34 GWh/Kg.
Specific energy estimate from 800,000 litre ethanol is 2.34
GWh/Kg/annum of energy.

Future automated development in the transport
industry favors adapting electric vehicles (EVs) and hybrid
electric vehicles (HEVs) with renewable fuel (biofuel for
fuel cell).This will help to cut down dependence on battery
charging time. These are the potentials of biofuel-based
vehicles in the interim and long-term.

CONCLUSION

The potential biofuel resource, contemporary status, sources,
impact, required waste and cultivation as well as notable
challenges to meet biofuel target has been presented using

Nigeria as a case study, in line with the European
Commission proposal of twelve percent (12%) biofuels
market share for year 2020 [116]. Other conclusion
includes:

1. Biodiesel feedstock (jatropha, rubber seed, palm,
soybean, etc.) and bioethanol feedstock (cassava,
maize, sugarcane, sorghum, etc.) and wastes from pulps
and peels of cassava are the major biofuel resource
from Nigeria. Automotive fuel feedstock and wastes to
fuel conversion could be used to check hike in food
prices before deep exploration of other biofuels and
bioenergy carriers like biogas, bio-char and Fischer—
Tropsch fuels.

2. The annual E10 gasohol target from Nigeria
agricultural and total land mass from cassava is
estimated at 0.022 and 0.018% on short term; and
0.038 and 0.031% on medium term. Biofuel targets can
be met by augmenting feedstock with biofuel processed
from wastes as the E5/E10 blend needs 3.3 and 6.9 %
of cassava wastes from its local production to ensure
there is no food-fuel competition. This will equally
guarantee a viable enterprise that can provide domestic
jobs through small scale bio-ethanol mini-refineries,
encourage agricultural mechanization, improved
varieties of crops, proper collection of wastes and
sustainable nutrient management.

3. Greenhouse gas from fossil fuels will be checked with

the use of well refined biofuel or biofuel blends in
automotive applications. More so, charging time in
Battery Electric Vehicle can be checked with
renewable source (ethanol) alternative using direct
ethanol fuel cell.
Finally, effect of biofuel price, climate change and
currency variability will be cushioned through
planning, income generation, jobs, thereby, limiting
food crisis and sustain energy security. This study
should help to minimize carbon footprint, cut down on
fossil fuel and insight on how to realize the energy
targets at short and long term.

Recommendations

Feedstock for biofuel should be mapped out separately from
food-stock to lessen threat on food security through
feedstock/food-stock plan and sensitization on the benefit of
agro-based industries for biofuel production. Training of
workers in the agri-based field, for example, on methods to
overcome periodic unavailability and storage systems is
essential for requisite knowledge and smooth running of the
production system.

Other Limitation
Sustenance of the biofuel project needs:

1. Overcoming structural land ownership and support on
large scale cultivation of energy crops and collection
of wastes from industries which may need some form
of approval from the government to disallow
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