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Abstract

The numerous energy challenges facing the world coupled with the lack of sustainability of the non-renewable
“fossil fuels world” has led the search to sustainable alternatives. Biofuel has emerged as an alternative with
great promise with quite some problems to contend with; this include the development of feasible technologies
such as the search for highly efficient saccharification enzymes; and the high cost of production which make the
fuel price exorbitant. Thus there is need for cheap processing technologies in order to make the biofuels
affordable. We reviewed lots of progress made on biofuel development and some cutting-edge technologies
being developed for their production.

Keywords: Biofuels, Development, Alternatives, Energy, Challenges
1. Introduction

Energy is highly indispensable to our day to day activities and is required in all sectors of the economy including
industry, agriculture and transportation among others for sustainable economic growth and development. The
requirement is on a high increase due to rapid industrialization and huge numbers of vehicles (Agarwal, 2007;
Worldwatch Institute., 2007; Kajikawa and Takeda, 2008). The major sources of energy today are the
non-renewable sources which include crude oil, nuclear power, coal, propane, natural gas (Johansson and
Burnham, 1993; Stevens and Verh, 2004). The transport sector consumes larger amount of this non-renewable
fossil fuels, primarily the petroleum-based fuels others are coal and natural gas. Crude oil forms 35% of the
global energy consumption (Festel, 2008; Kohli ef al., 2009).

The limited reserves of fossil fuel and its depletion are issues of concern due to geometric increase in energy
demand as a result of developing economies and transportation demands. The increase energy demand and high
rate of consumption of fossil energy limits its availability; concerns have been shown that the world oil reserves
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will be depleted earlier than the predicted as a result of increase in world population to 8 billion by 2025
(Agarwal, 2007; Worldwide Institute, 2007; Kohli ef al., 2009). The emission of green house gases (CO, and
CH,) by gasoline and diesel automobiles is a major source of environmental contamination; the combustion of
fossil fuels contributes significantly to global warming and acid rain. The global temperature is expected to rise
by 6.4°C by the end of the 21 century; this increase is attributed to high increase in green house gases with
consequent effects on the fauna and flora (Agarwal, 2007; Kohli et al., 2009). The price of crude oil, natural gas
and coal is affected by lots of factors making it unstable and unpredictable. The significant use of petroleum
based fuels in transportation and other sectors leaves a footprint on prices of commodities as the prices increase.
Between 2002 and 2008, the price of crude oil rose from US$30 to above US$130 per barrel which is greater
than fourfold increase. The high price of crude oil affects economic growth and efficient use of energy. This is
coupled by tight regulations on emissions of wastes from fossil fuels and other sources of non-renewable energy
in Europe and USA (Agarwal, 2007; Kajikawa and Takeda, 2008; Kohli et al., 2009).

Other issues affecting the fossil energy include monopoly by oil producing countries, energy security, rising
political and economic conflicts. The petroleum exporting countries have a significant influence on the price of
this commodity by determining the amount of crude oil supplied to the market hence regulating its price
(Agarwal, 2007; Demirbas, 2007). Dependence and reliance on crude oil may be responsible for conflicts in
various regions where it is being produced, as any conflicts in those areas affects the supply and hence the
market price. Thus, affecting the socioeconomic welfare of the populace (Hill et al., 2006; Agarwal, 2007;
Demirbas, 2007). Consequently, the lack of sustainability of the non-renewable energy is obvious thus; the need
for sustainability in the energy sector cannot be overemphasized due to the damaging consequences of
non-renewable fuels. A sustainable development can be described as a development that satisfies the need of
today without compromising that of tomorrow. Thus biofuels are considered as sustainable energy alternatives
with great potentials (James, 2008; Taylor, 2008). The paper therefore reports the progress made in this respect.
Important global issues regarding biofuels production and usage are reviewed.

2. Renewable Energy as an alternative

The lack of sustainability of non-renewable energy has necessitated the search for renewable energy sources
which include; wind, geothermal, hydro (water), solar energy, bioenergy (biomass), photovoltaic (Johansson and
Burnham, 1993; Stevens and Verh, 2004). Bioenergy (biofuel) is considered as a potential source of energy due
to its numerous and overwhelming environmental, socioeconomic benefits including rural development, land and
soil reclamation (Farrell et al., 2006; Hill et al., 2006; Schubert, 2006; Vertés et al., 2006; Agarwal, 2007,
Demirbas, 2007; Righelato and Spracklen, 2007). Developing countries such as China, India, and Brazil are
considered as the major sources and markets for renewable energy due to the need to meet their energy demand
owing to rapid industrialization and high population increase (Kohli et al., 2009). Huge amount of energy is
consumed as electricity, power, heat and fuels in residential, commercial, industrial and transport sectors.
Transportation consumes as much as 22% of the energy supplied globally and is a major contributor to
environmental pollution by 27% of the global CO, emissions. It is predicted that consumption rate by
transportation will increase due to huge number of vehicles currently amounting to over half a billion (Agarwal,
2007: Kohli et al., 2009).

2.1 Biofuels

Biofuels refer to liquids or gaseous fuels produced from biomass for the transport sector. Bioenergy is
fundamental to civilization and represents a significant proportion of global energy consumption and is
demonstrating a great promise over time (Kumar and Sharma, 2008; Taylor, 2008). The use of biofuel is not new;
Dr. Rudolf Diesel’s engine (1900) ran on 100% peanut oil which was abandoned in 1920 due to popularity and
availability of petrol-diesel but, he predicted a return to biofuel, in particular use of vegetable oils as biodiesel
(Agarwal, 2007; Kohli et al., 2009). First generation biofuels are bioethanol produced from fermentation of
sugar and starch, and biodiesel from edible oil seeds, Second generation biofuels are bioethanol and biobutanol
from lignocellulosic biomass, biodiesel from non-edible plants. Third generation biofuels also referred to as
advanced biofuels are produced from microalgae and cyanobacteria; biohydrogen and bioelectricity generation
using photosynthetic methods may be regarded as fourth generation biofuels (Festel, 2008; Gressel, 2008;
Gouveia and Oliveira, 2009).

The popularity and acceptance of biofuels is increasing across the globe, currently countries in Europe, USA,
Brazil, India, China and some parts of Africa are focussing on biofuel production and use as blends or otherwise
(Demirbas, 2007; Kohli et al., 2009). Bioethanol, biodiesel, biogas, bioalcohols including biopropanol,
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biobutanol and biomethanol are alternatives to fossil fuels produced from different feedstocks, lignocellulose and
oil crops. Bioelectricity is produced using hydrogen fuel cell (Demirbas, 2007; Kohli et al., 2009).

2.1.1 Biofuels; Sources and Production

The expensive cost of producing biogas, biopropanol and biobutanol limits their use; bioethanol is produced and
used widely in Brazil while some countries favour the use of biodiesel. Bioethanol is produced by fermentation
from corn (maize), cassava, sugar cane, sugar beet and various lignocelluloses biomass. Hydrolytic conversion
of carbohydrates (hemicelluloses and cellulose) in plants is a route to bioethanol production; this is a yeast
catalyzed anaerobic conversion or digestion of sugars to alcohol. Anaerobic hydrolysis of biological wastes
results in the production of biogas which is a mixture of methane and carbon dioxide (Demirbas, 2007).
Bioethanol is a promising biofuel that can be derived from any material containing simple or complex sugars. It
can be produced from sugar cane and starchy foods such as corn, wheat, potatoes. Lignocellulose has been
described as the most promising raw material, cellulose is the most common biopolymer present in wood,
organic industrial wastes and is a polysaccharide that can be converted into sugars and fermented. Thus,
bioethanol from lignocellulosic materials has the potential to be a valuable substitute for, or complement to,
gasoline (Piccolo and Bezzo, 2009). The polysaccharides cellulose and hemicellulose in lignocellulose, are not
readily available. The conversion to ethanol requires chemical pre-treatment, normally carried out in ethanol
production plant, to free the carbohydrates. Lignin, which is a common constituent of plant cell walls is a
complex of phenylpropanoid groups (Anderson and Akin, 2008; Okuda et al., 2008). Lots of processes for the
production of bioethanol from lignocellulosic biomass are being developed; this includes enzymatic hydrolysis
and fermentation process and gassification (Piccolo and Bezzo, 2008). Figure 1 shows industrial routes to
bioethanol production. Thermochemical methods, acid hydrolysis and enzymatic hydrolysis have been described
as means of making ethanol from lignocelluloses (Watz, 2008). However cheaper carbohydrate sources of
bioethanol are been envisaged to reduce the cost of production and consequently energy cost (Mohanty ef al.,
2009). Table 1 shows global outlook of fuel ethanol production.

Ethanol has powered automobiles for more than a century. Ford designed his model T for ethanol as a fuel.
Gradually petroleum took over and became the dominating transport fuel. In the seventies Brazil adopted an
ethanol strategy and today motor fuel grade ethanol (MFGE) is an extremely fast growing market worldwide.
The main outlet for bio-ethanol is as automobile fuel. Total world production reached 50 billion litres in 2007
and still increasing. Fossil oil is coming to an end within a foreseeable future, and for transport a liquid
replacement is required. There is possible competition from other products like methanol, but they have to be
derived from the same feedstocks - and ethanol is by far the most engineered product today.Another emerging
application still in the cradle but with a growing potential is alcohol for Direct-ethanol fuel cells or DEFCs
converting ethanol direct to electricity. The technique resembles that of Direct-methanol fuel cells or DMFCs
with small portable units already on the market. An alcohol stove burns pure and does not require a chimney. A
popular consumer item - just hang it on a nail.

Bioethanol is renewable, because it is made from glucose created in green plants by the sun, the so called
photosynthesis:

(A) 6CO;+ 6H,0 + sunshine — C¢H ;04 + 60,

Sun energy transforms carbon dioxide (CO,) into glucose (C¢H;,0¢). This glucose is transformed once again to
ethanol (C,H¢O) by classic yeast fermentation:

(B) C6H1206 i 2C2H60 + 2C02 + heat

Heat is released calling for cooling of the fermentation vessels and heat is released again when the ethanol is
burned in the combustion engine:

(C) C2H60 + 302 i 2C02 + 3H20 + heat

The three equations clearly demonstrate why bioethanol is said to be CO,-neutral. Only the CO, - absorbed
during the photosynthesis - and no more - is released by the engine. The equations also explain why bioethanol is
considered a form of solar energy. All the CO, and water (H,O) absorbed by the green plants are released again.
All the three processes - photosynthesis, fermentation and burning - do (all together), is in fact, to turn sun light
into heat. Bioethanol is friendly to the environment. As a liquid it is a convenient form of solar energy and may
replace gasoline or part of it in modern transportation. Conventional motors tolerate mixtures of as much as 10%
ethanol in the petrol (E10). Newer motors are built to tolerate up to 85% ethanol (E85) and we will see more
motors able to run on pure ethanol (E100) in the future.

Biodiesel are fatty acid (m)ethyl esters (FAMEs) produced from fresh or used vegetable oil, or used animal fats.
Biodiesel can be produced from both edible and non-edible oil crops such as soy, rapeseed oil, cotton, palm oil,
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sun flower oil, sunflower, linseed, peanuts, soapnut seed (Sapindus mukorossi), Jatropha curcas and  Pongamia
pinnata (Kohli et al., 2009; Agarwal, 2007; Demirbas, 2007; Achten et al., 2008; Chhetri ef al., 2008; Antczak et
al., 2009). Biodiesel is produced through transesterification reaction (stages 1 to 3); that is a reaction of fat or oil
with an alcohol to form esters and glycerol. Filtration is performed to remove water and contaminants which is
then followed by pre-treatment to remove or esterified to transform free fatty acids into biodiesel (Agarwal, 2007;
Demirbas, 2007; Kohli et al., 2009).

Stage 1:
TGE + CH;OH  Catalyst, K, DGE + R;COOCH;
«—

Stage 2:
DGE + CH;0H  Catalyst, K, MGE + R,COOCH;
«—>

Stage 3:
MGE + CH;OH  Catalyst, K3 GL + R;COOCH;
<+—r
Overall then,
TGE + 3CH;0H Catalyst, Keq 3RCOOCH; + GL
<+—r

Where DGE, MGE and TGE are diglyceride, monoglyceride and triglyceride esters respectively. GL is the
glycerol produced and K; K, and Kj are the equilibrium constants for stages 1 to 3 respectively. Keq is the
overall equilibrium constant. The various Rs represent the long chain alkyl groups attached to the esters.

Pre-treatment is essential for recycled animal fat with more than 4% w/v; here the oils are mixed with methanol
and catalyst (NaOH, KOH, mineral acids like H,SOy,, and solid acids and bases) to transesterify the triglycerides
into FAMESs (biodiesel) and glycerol (Figure 2). In the final stage the glycerol is separated and the fatty acid
methyl esters can then be used as biodiesel (Agarwal, 2007; Demirbas, 2007; Achten et al., 2008). Another
important step in biodiesel production is oil extraction; oil is extracted using highly efficient expellers that
extract high amount of oil from the seeds hence increasing the value of biodiesel. Two methods are mostly used
which are mechanical and chemical extractions (Achten et al., 2008; Kumar and Sharma, 2008). In the chemical
method; only ground plant samples are used as feeds shells can be used as by-products of combustion or
gasification of feed stocks; n-hexane extraction method is widely used gives maximum oil yield but is time
consuming. Generation of waste water, high energy consumption, and high emissions of volatile organic
compounds and use of hazardous and inflammable chemicals makes it unfavourable (Achten et al., 2008). A
global statistic of biodiesel production is given in Table 2. It can bee seen that, the production is increasing over
the years. This could be attributed to the most recent concerns on the foreseeable consequences of global
warming and the depletion of fossil fuel reserves.

Developed countries like United Kingdom have implemented a regulatory policy requiring 5.75% blend in diesel
fuel. In developing countries like Nigeria the recent biofuels policy seeks to ensure 20% blend ratio by 2010
(Galadima and Garba, 2009).

On the other hand, the process of biogas production takes place in anaerobic conditions and in different
temperature diapasons (in biogas digester, common example shown in figure 3). There are psychrophilic
(temperature diapason 10-25°C), mesophilic (25-40°C) and thermophilic (50-55°C) regimes of bioconversion.
Biogas production in a thermophilic regime is much higher than for the mesophilic and psychrophilic regimes.
Modern thermophilic bioreactors can produce 2-6 m® per m® of installation, which amounts to 5-15 kg of waste
on a dry mass base (or 50-150 kg of wet mass). For mesophilic biogas installations, these values are 0.2-0.4 m’
per m® of installation and 0.5-1 kg on a dry mass base (or 5-10 kg of wet mass). Biogas reactors, working in a
thermophilic regime, can be introduced in agricultural farms where the number of livestock exceeds five. Biogas
produced on such farm scan be used not only for cooking and heating water, but for dairy production as well.

2.1.2 Non-edible Sources of Biofuels

As has been described above there is urgent need of exploiting non-edible material for the production of biofuels
as against the use of food to tackle the contextual food versus fuel debate. The production of bioalcohols such as
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bioethanol and its derivatives from lignocellulosic biomass is gaining wide acceptance (Piccolo and Bezzo,
2009). In the same vein a number of non-edible oilseeds are considered for the production of biodiesel as against
the edible oil food; these include Sapindus mukorossi, Pongamia pinnata and Jatropha curcas. Both Sapindus
mukorossi (soapnut) and Jatropha curcas are considered to be potential for biodiesel production (Chhetri ef al.,
2008; Kohli et al, 2009).

3. The Role of Biotechnology in Biofuels Production

The full realisation of the potentials of biofuel plants requires the improvement of crop. There are lots of
developments in enzyme production and cell wall biology which will greatly help in the realization of
sustainable biofuel production. In lignocellulosic biomass there is need to modify lignin such that the cellulose is
made more accessible for hydrolysis. This was demonstrated in an effort to increase ethanol production from
lignocellulose biomass, genes involve in lignin synthesis were knocked down using antisense technology and
bioethanol yield from the plant doubled or tripled (Chen and Dixon, 2007; Gomez et al., 2008).

Biotechnology is considered as an efficient means of biofuel production and enhancing the yield of biofuels by
removing the current bottlenecks such as poor yield, toxins and improving agronomic traits of crops (Gressel,
2008; Lynd et al., 2008; Sujatha et al., 2008). For biodiesel crops like Jatropha curcas, toxicity, and high amount
of free fatty acids limit their full potential; these and other problems can be solved using molecular approaches.
Consequently improving the traits of biofuels crops will remove some of the bottlenecks and increase their
economic value. For instance, the number of seed yield per plant can be improved using strategies such as
marker-assisted selection of qualitative planting seeds (Kumar and Sharma, 2008). Though biotechnology can be
promising in improving bioenergy production but caution should be given on the ethics, biosafety and
biocontainment as regards the of use the transgenic approaches (Stewart, 2007).

The up regulation of genes involved in lipid biosynthesis, storage and oleosome formation while on the other
hand silencing those genes involved in toxin synthesis in biofuel plants such as Jatropha curcas can be
achieved using transgenic approaches thus improving the plant but this requires knowledge of the gene
expression (Popluechai et al., 2009). Curcin promoter has been isolated from Jatropha curcas indicating that
there is potential of isolation and characterization of the different genes in toxin production and lipid acid
biosynthesis. Li and colleagues recently reported an Agrobacterium-based transformation of Jatropha curcas
cotyledon demonstrating the potentials of developing transgenic varieties with desired traits (Li et al., 2008).
This and others are giving lots of promise on the success of improving the biofuel crops.

3.1 Potential of Biofuels

Biofuel is considered to have great potentials the full realisation of which will be a matter of time; these
potentials are driving lots of interests from countries both developed and developing countries. Biodiesel
production and consumption in the EU countries is on the increase, over 4.8 million tones of biodiesel was
produced by EU27 in 2006. USA increased its biodiesel production from soy oil to over 250 million gallons in
2006 from 20 million gallons in 2003 (Kohli et al., 2009). Twenty percent substitution of conventional fossil
fuels with alternative fuels in the transport sector by 2020 is the target of the European Commission. The US is
set to replace more than 75% of imported oil with alternative fuels by the year 2025 (Kajikawa and Takeda,
2008). The market for biofuels in general and biodiesel in particular is large due to the high and increasing
demand. Germany and France use rape seed oil for biodiesel production. Scientists are considering biodiesel
production from green algae and bacteria using genetic engineering techniques (Kohli et al., 2009). The
numerous benefits of biofuels include sustainability, mitigation of green house gases emissions, regional
developments, employments, energy security, conflict resolutions, agriculture and socioeconomic benefits (Kohli
et al., 2009; Hill et al., 2006; Schubert, 2006; Agarwal, 2007; Demirbas, 2007; Righelato and Spracklen, 2007).
The use of ethanol-blended fuels such as E85 (85% ethanol and 15% gasoline) can reduce the net emissions of
greenhouse gases by as much as 37.1%, which is a significant amount. Between the year 1975 and 1987, ethanol
production saved Brazil $10.4 billions. A recent research concluded that by 2050, biofuels theoretically, could
supply 65% of the world’s current energy consumption, with sub-Saharan Africa, the Caribbean, and Latin
America accounting for roughly half of this global potential. In tropical countries, high crop yields and lower
costs for land and labour provide an economic advantage that is hard for countries in temperate regions to match
(Edward et al., 2004). In addition to potential role in climate change mitigation biogas greatly influences
economic growth and energy supply to local inhabitants in many countries. For example, biogas is at the centre
of a burgeoning eco-economy in China. Up to the end of 2005, China has 17 million digesters with annual
production of 6.5 billion m® biogas, mostly in rural areas, with 50 million people enjoying the benefits of biogas
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technology. The annual production of biogas is projected to reach 25 billion m® by 2020. Biogas could provide
energy to one quarter of households in rural areas (Kangim and Ho, 2006).

3.2 Problems associated with biofuels

Lots of issues have been raised by researchers that may limit the realisation of biofuel potentials of biomass. The
most striking problem affecting the production and utilization of biofuels is the fuel versus food debate that has
attracted so many arguments. The high cost of production of biofuels at the moment makes their prices high. In
term of biodiesel some of the limiting factors are low performance in cold temperatures leading to corrosion of
rubber components. Though this can be overcome by the use of antifreeze and improvement in the tubing
materials but more work is required to resolve this (Agarwal, 2007; Demirbas, 2007; Kohli ef al., 2009). The use
of edible food such as soy, rape seed, and palm for biodiesel production against feeding is not sustainable as it
affects the amounts of food available and reduces availability of land for agriculture. The predicted increases in
world population coupled with availability of water bring about the need for alternatives to edible oil. Thus
various non-edible oil crops, woody plants and waste conversion to biodiesel are considered as potential
alternatives (Chhetri et al., 2008; Kohli et al.,, 2009). People have expressed concerns over the net effects of
biofuels on agricultural land, water, food supply and rise in the price of food, but this is attributed to other factors
but not biofuels as there are lots of marginal land resources for farming (Gressel, 2008).

4. Conclusion

Biomass or bioenergy has been described as a potentially reliable and renewable energy resource, and is
promising in this regard. Thus, the interest in bioenergy and biofuels is intensifying due to their renewability and
sustainability. Currently biofuels provide a significant amount of global energy consumption for domestic
purposes in both developed and developing countries. The major biofuels produced are ethanol, biodiesel and
biogas. Global ethanol production in 2008 was estimated to be 17, 335.2 million gallons, mostly used in the
automobiles industry. The figure is projected to exponentially increase for future years. This could be achieved
through proper governments policies and upgrading the current synthetic technologies. Biodiesel on the other
hand, experienced a global increased in production from 77.2 million gallons in 2005 to 308.2 million gallons in
2009, with expectations for increased production in the recent years. While the ethanol is mixed with gasoline,
biodiesel is used as B20 (20%) blend with the conventional diesel. Research indicates that several engines that
could run on 100% biodiesel or bioethanol are under constructions. Biogas production and utilisation has also
been identified to be on the increased. In countries like china production will increase from less than 10 billion
m’® in 2005 to over 25 billion m® in 2020. Over 30 million rural inhabitants are considered to be the key
beneficiaries.

The positive and negative arguments on biofuels are obvious due to lots of issues. The proponents of biofuels
consider the increased global oil demand, energy security problem due to depletion of petroleum reserves, and
concern about environmental pollution. In order to produce biofuels on commercial scale, their impact on other
energy sources and sectors such as food and textile production must be resolved by new and improved
production technologies. In the main, to ensure sustainability in the production and consumption of energy there
is need to intensify efforts in search for renewable energy sources that have less impact on the availability and
use of other resources with their productions being cost effective. The current technologies available for biofuels
production should be improved by funding, and ensuring reliable research globally. Collective approach
involving enhanced government policies, industrial and farmers’ participation is necessary. Emphasis should
always be given to non-edible crops and pre-exploited agricultural land to avoid food shortage and
environmental degradation.
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Table 1. Global fuel ethanol production by region or country in 2008

Country Millions of gallons, all grades

U.S. 9,000.0
Brazil 6,472.2
European Union 733.6
China 501.9
Canada 237.7
Other 128.4
Thailand 89.8
Colombia 79.29
India 66.0
Australia 26.4
Total 17,335.2

Source: BEDB (2010)

Table 2. Global biodiesel production by region and some countries over the years, thousand barrels per day

Regin/Country 2005 2006 2007 2008 2009
North America 6.1 171 33.7 45.9 35.2
United States 5.9 16.3 32.0 44.1 329
Central & South America 0.5 2.2 15.2 38.6 57.9
Brazil 0.0 1.2 7.0 20.1 27.7
Europe 68.1 113.2 137.5 155.0 172.6
France 8.4 11.6 18.7 344 41.1
Germany 39.0 70.4 78.3 61.7 51.2
Italy 7.7 11.6 9.2 13.1 13.1
Eurasia 0.3 0.3 0.7 2.5 3.8
Lithuania 0.1 0.2 0.5 1.3 1.9
Asia & Oceania 2.2 9.1 15.8 28.8 38.5
China 0.8 4.0 6.0 8.0 8.0
Korea, South 0.2 0.9 1.7 32 5.0
Malaysia 0.0 1.1 2.5 4.5 5.7
Thailand 0.4 0.4 1.2 7.7 10.5
World 77.2 142.0 202.9 270.9 308.2

Source: BEDB, 2010.
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Figure 1. Industrial route to bioethanol production
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