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ARTICLE INFORMATION ABSTRACT

Biofuels are attracting a lot of research attention as a source of
renewable energy due to environmental benefits and prospects of
energy security. The expectation of the global community is particularly
Revised 15 December, 2018 high towards Sub-Saharan African countries like Nigeria to meet the
Accepted 19 December, 2018 growing bioenergy needs by harnessing the abundant supply of
biomass feedstock. However, lack of home-grown technology has been
one of the major drawbacks of biofuel industrialization in Nigeria.
Although a reasonable amount of biofuel research effort has been
embarked on locally in Nigeria, most of these research works have
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B‘yf | remained on the shelf instead of being translated into commercial
Rlo ue h production. This paper reviews some biofuel research work done on
| eciseatrc Nigerian biomass. It recommends that funding the existing and new
Pn lés r{ biofuel research work in Nigeria and channeling research towards
Nr.o uction industrialization as important drivers towards biofuel production in
'gena Nigeria.
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1.0 Introduction

The global challenge of climate change due to over-dependence on fossil fuel has necessitated
the shift towards renewable fuel (IRENA, 2015). Renewable energy has become the fastest
growing source of energy globally and its share in the primary energy source has been projected
to increase to 10% by the year 2035. Moreover, the projected industrialization of Africa is
expected to further increase the global energy demands by 2035 (Dudley, 2017). Biofuels which
are alternative fuels derived from biomass include gaseous, liquid or solid fuels like biogas,
biobutanol, biodiesel, bioethanol, bio-oil that are produced from biological materials. Biofuels
can be used for generating power and heat (Agbro and Ogie, 2012). Biomass can be defined as a
material derived from recently living organisms which include plants, animals and their by-
products, e.g. manure, garden waste and crop residues (Asfar, 2014). Biomass has been
regarded as one of the renewable energy source which has the potential of meeting the global
energy targets (EIA, 2013).The attending benefits of biofuels have been observed to go far
beyond the clean burning nature of the product since biofuel's renewable resource can help to
create a market for farmers and reduce the amount of waste oil, fat and grease being dumped
into landfills and sewers (Idusuyi et al, 2012).

According to research trend on biofuel feedstock and conversion technologies, biofuels are
categorized as first, second and third generation biofuels. First-generation biofuels are produced
mainly, from food sources such as sugar, starch, and vegetable oil while the second-generation
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are from dedicated bioenergy crops, non-food feedstock such as ligno-cellulosic biomass
(agricultural and forestry feedstock) and other food processing biomass residues. Third
generation biofuels are produced mainly from aquatic feedstock such as algae (Beetul, 2014;
Saladini et al., 2016). It is note-worthy that the food-fuel debate has favoured the preference for
the second and third generation biofuel production (Galadima, 2011) and the need for
sustainable alternative biofuels had kept the interest of stakeholders and researchers in second-
generation biofuels (Saladini et al., 2016).

Nigeria has been regarded as one of the countries that have the potential to produce sufficient
biofuel for both domestic use and export (Elijah, 2010; Abro and Ogie, 2012) considering her
agricultural land area of approximately 71,000,000 ha of which about 37.3% is arable land
available for cultivation of biomass for biofuel (Ben-lwo et al., 2016). However, the structure of
the Nigerian economy has been heavily dependent on fossil fuel which accounted for up to 95%
of the country’s export earnings (Chete et al., 2013), while the agricultural sector accounted for
about 2% of the total export (Kale, 2016). Recently, Nigeria faced an economic challenge as a
result of over-dependence on crude petroleum for export earnings. Whereas, production of
biomass feedstock/biofuel, among other bio-based products, is a potential source of additional
export earnings. There is need to develop existing biofuel research in Nigeria into commercial
production for domestic use and to attract foreign exchange for the Nigerian economy. This
work is aimed at reviewing the earlier works on biofuel production in Nigeria and the prospects
of commercialization of biofuel production in the country.

2.0 Biofuel Research in Nigeria

2.1 Potential Feedstock

Potential crops for biofuel production as earmarked in the Nigerian National Petroleum
Corporation (NNPC) biofuel policy include sorghum, sugarcane, cassava and jatropha. While
some food crops are currently been utilized as biofuel feedstock in the developed and emerging
economies such as U.S, India and Brazil, the food fuel debate has been a major consideration
identified so as to avert food crisis in Nigeria and the African continent in general.

M Sugar cane

M Cassava

B Sorghum

B Maize

M Oil palm

M Cottonseed

M Taro (cocoyam)

M Rice, paddy
Groundnut, with shell

H Millet

Figure 1: Bioenergy crop production in Nigeria l
Source: Ben-lwo et al., 2016

Figure 1 shows the percentage production of some Nigerian food crops that are considered as
feedstock for biofuel production that may pose food-fuel challenge in Nigeria.

First generation biofuel production which is usually based on the use of food crops as biofuel
feedstock, has been criticized as non-suitable for Nigeria, a developing country like (Galadima et
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al., 2011). Other feedstock that have been reported as suitable for biodiesel production include
soybean (US), rapeseed (Europe), oil palm (South-East Asia), Jatropha and rice bran oil (India).
Biodiesels have also been produced from canola oil, waste restaurant oil, animal fat, rapeseed oil
and palm oil. The potential biomass resources in Nigeria include wood, charcoal, grasses and
shrubs, agricultural residues, forestry residues, municipal biomass wastes, industrial biomass
wastes and aquatic biomass (Abro and Ogie, 2012). Agricultural residue, crop residue and agro-
industrial by-products such as cocoa husk, coconut shell and husk, rice husks, oil seed cakes and
oil palm empty fruit bunch have been investigated towards the production of biofuel.
Furthermore, cassava residue has been recognized as one of the major agricultural crop residues
in Nigeria with an estimated value of 29 metric tonnes per annum of residues generated.
Municipal solid wastes can also serve as potential feedstock for biogas production by anaerobic
digestion with over 25 million tonnes of municipal solid wastes generated per annum in Nigeria.
The waste can be converted to wealth in biofuel production (Agbro and Ogie, 2012).

Many researchers have worked on generating biofuel from locally available Nigerian biomass
feedstock, ranging from agricultural residues to food and non-food biomasses. Table 1
summarizes some recent biofuel research efforts in Nigeria.

Table 1: Some recent biofuel feedstock research efforts in Nigeria

Biofuel Feedstock  Biofuel Type Method of Production Workers

Palm kernel oil Biodiesel Transesterification Igbokwe Nwafor,2014
Mango seed oil Biodiesel Transesterification Umaru et al., 2014
Coconut oil Biodiesel Transesterification Alamu et al., 2010
Peanut oil Biodiesel Transesterification Ajala et al.,, 2014

Soy bean oil Biodiesel Transesterification Fasogbon & Asere, 2014
Sugarcane Bioethanol Fermentation/ pilot plant Misau et al., 2012

Milk bush oll Biodiesel Transesterification Oniya et al., 2016
Jatropha oil Biodiesel Transesterification Ameen et al, 2014
Tobacco seed oil Biodiesel Transesterification Motojesi et al, 2017
Shea butter Biodiesel Transesterification/ processor  Ajala et al, 2015
Parinari ol Biodiesel Transesterification catalyst Aladetuyi et al, 2014
Parinari residue Bio-oll Pyrolysis Odetoye et al, 2014
Parinari oil Biodiesel Transesterification pilot plant ~ Odetoye (ongoing)

Palm kernel oil biodiesel was produced through transesterification by ethanol using NaOH
catalyst (Alamu et al., 2008). The properties of the fuel produced were in good agreement with
the American Society for Testing and Materials (ASTM) standards. The fuel characteristics of the
biodiesel produced demonstrated that the PKO biodiesel produced can be used as fuel in diesel
engines.

Umaru et al. (2014) reported the suitability of mango seed oil for biodiesel production. A
biodiesel yield of over 80% wt was obtained at an optimal temperature of 60°C. The biodiesel
produced was reported to be consistent with the threshold standard values quoted by ASTM
and EN for biodiesel and fossil diesel. Coconut oil was also found suitable for biodiesel
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production (Alamu et al., 2010). A blend of the coconut oil biodiesel with petroleum diesel was
reported to be suitable as alternative to diesel.

Table 2: Physical property of some biodiesels from various feedstock

Physicochemical Peanut Soybean  Sunflower Petroleum Palm Babassu  Rapeseed
Property biodiesel biodiesel biodiesel  diesel biodiesel biodiesel biodiesel
Density at 40°C 0.833 0.885 0.860 0.823 0.855 0.875 0.882
kgLl ™"]

Viscosity [40°C, 49 4.5 4.6 4.0 45 3.6 42
mm?2/s]

Flash Point [°C] 176 178 96 98.0 174.0 127 80
Cloud Point [°C] 5 1 - 18.0 16.0 - -
Pour Point [°C] - -7 - 15.0 16.0 - -
Cetane Value 564 43 49 53 65 63 54
Sulfur  Content - - - 0.10 0.04 - -
[wt %]

Carbon Residue - - - 0.14 0.02 - -
[wt %]

Source: Ajala et al., 2015

Aladetuyi et al. (2014) have reported the utilization of cocoa pod ash (CPA) an agricultural
residue which was used in place of KOH as a conventional catalyst for bio-diesel production. The
findings of the study suggested that the use of cocoa pod ash as catalyst led to higher yield of
biodiesel both from palm kernel oil and oil recovered from spent bleaching earth. The physico-
chemical properties of the biodiesels produced was reported to fall within (ASTM) specifications
for biodiesel. It was also reported that agricultural residues such as CPA could be utilized as
alternatives to KOH catalyst for biodiesel production (Aladetuyi et al, 2014). Olugbenga et al.
(2013) ) also reported that a good biodiesel conversion of 94% yield was achieved when cocoa
pod ash was used as catalyst for biodiesel production.

In a recent study (Odetoye et al, 2014), bio-oil was obtained from a non-conventional
agricultural residues, Parinari polyandra Benth fruit shell (PPBFS). PPBFS was pyrolyzed via an
intermediate pyrolysis process for the production of bio oil. The bio oils were obtained using a
fixed bed reactor within a temperature range of 375-550°C.However, the PPBFS bio-oil needs to
be upgraded before being used as a fuel substitute, particularly in engines as it consisted of
various complex organic compounds such as acetic acid (Odetoye et al, 2014).

Production of biodiesel from yellow oleander, Theveta peruviana has been reported to have a
high potential for use in production of environmentally friendly biodiesel (Yarkasuwa et al., 2013).
Both ethanolysis and methanolysis of the oil were carried out with 50% of potassium hydroxide
by weight of oil in ethanol and methanol respectively. The biodiesel was tested for
biodegradability using E. coli. The percentage yield of the fatty acid ethyl esters and fatty acid
methyl esters were 84.8% and 91.6% respectively.

Amos et al. (2015) also reported that Parinari polyandra Benth seed oil can be explored for
biodiesel production. Some bio-based catalysts (cocoa pod ash and rice husk ash (RHA) were
used to catalyze effectively the transesterification of parinari oil. Although, the two bio-based
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catalysts were effective, CPA gave a neater and better yield of biodiesel than RHA. The biodiesels
produced were reported as suitable for biodiesel production as properties compared favorably
with ASTM specification for biodiesel standards.

2.2 Industrialization of Biofuel Research in Nigeria

Several attempts were reported on commercialization of biofuel research in Nigeria. Some of the
works reported include that of Akinbami et al. on the design of biogas plants at the Usman
Danfodiyo University, Nigeria. A 425 litres capacity biogas digester was found to be adequate for
household cooking energy need in Nigeria (Akinbami et al., 2001). Recent experimental efforts
have been reported at the University of Nigeria, Nsukka and at the Global Network for
Environment and Economic Development Research (GNEEDER) in Ibadan, Nigeria for developing
appropriate technological innovations for harnessing existing potentials for producing biogas,
particularly for household use.

Furthermore, there is domestication of biogas technology in Nigeria (Olugasa et al,, 2014). The
Nigerian Universities have taken up the challenge on biogas research by constructing biogas
digesters and/ or pilot biogas plants at the University of llorin, Obafemi Awolowo University,
Ladoke Akintola University of Technology, Ogbomoso, Ambrose Ali University, Nnamdi Azikwe
University, Awka, Uthman Dan Fodio University, Ibrahim Badamasi Banbangida University, Lapai,
but to mention a few. The non-governmental organizaions are not left out in the development.
Most of these pilot biogas plants have been developed to use animal wastes as feedstocks
(Olugasa et al., 2014). The recent trend in biogas research is increasing the yield and enrichment
to increase the biogas purity. The biomethane obtained can be converted to serve as source of
electricity for household appliances (Olugasa et al., 2014).

Government research institutions and industrialization of biofuel research in Nigeria.

One of the major roles of research institutions is to carry out research towards the development
of the immediate community. However, presently, the researches on biofuel are not adequately
co-ordinated. There is a need for significant centers of excellence for biofuel research as well as
dedicated funding for biofuel research in the science, technology and innovations (STI)
institutions.

Moreover, the Government and policy makers have major roles to play in the commercialization
of biofuel production in Nigeria. The initial take off of the biofuel project in Nigeria came with
enthusiasm and strong political will with about 34 current and proposed biofuel plant projects as
pioneer projects at planning phase, however with the passage of time the tempo was not
sustained (Elijah, 2010). The government STI policy and biofuel policy lack the political will for
actualization of the policies. There is a need for the Government to float / reactivate existing
bioenergy parastatal to collate a database of biofuel research in Nigeria. Such Government
functionary should be responsible for driving the biofuel research incubation and
commercialization. There is a need to review the biofuel and STI policy to reflect the devoid of
first generation biofuel.

Opportunities of biofuel industrialization in Nigeria

The opportunities accruable to biofuel industrialization in Nigeria mainly span across, economic,
environmental and social dimensions (UNDESA, 2007). There are opportunities of rural
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development when biofuels are substantially produced in Nigeria as more biofuel feedstock will
be produced and thus lead to strengthening of the Nigerian agro-economics. There will be
provision of jobs for teeming youths and peasant farmers in the rural setting. Rural-urban
migration of the youths will also be minimized since agricultural sector will be enhanced and the
rural youth will be involved in biofuel feedstock production.

Social Dimensions
Increased standard of living
Social inclusion

Training

Gender aspects

Access to water and sanitation
Improving health
Combating rural migration
Better education

Economic Dimensions
Economic feasibility
Enhanced equity
Food security

Environmental
Dimensions

Local use ) Land management
Job/Income generation Water reguirements
Affordable financing Fertilizer use

Soil protection
Reduction of deforestation

Management skills
Technology availability

Skills Reduced GHG emissions
Seasonality of Biodiversity concems
feedstock

Figure 2: Criteria for sustainable production and use of liquid biofuel (UNDESA, 2007)

In fact, industrialization of bioenergy production in Nigeria can be a means of improving the
economic status of farmers due to increased income realized from biofuel feedstock production.
Figure 2 shows the criteria for sustainable biofuel production.

Challenges of biofuel industrialization in Nigeria

The problems facing biofuel industrialization in Nigeria are typical of those problems facing all
forms of industrialization in Nigeria. The problems ranged from lack of co-ordinated research
work in biofuel leading to duplication of research efforts, inadequate funding of biofuel research,
lack of home-grown technology, non-commercialization of biofuel research ideas to the
relatively high cost of biofuel compared to fossil fuel. Furthermore, the low-income people seem
to be more dependent on traditional energy more than liquid biofuel as source of energy
(Akande and Olorunfemi, 2009).

Recommendations

The government has a paramount task in establishing industrial production of biofuel in Nigeria.
Many of the existing research output on biofuel should be adopted and scaled up to commercial
scale. This is to be co-ordinated by the appropriate dedicated and functional Government
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agencies and research outfits. The administration and monitoring of the biofuel policy should be
taken out of the NNPC to encourage pragmatic attention for biofuel production. There is a need
to review the existing Nigerian biofuel policy to accommodate the research outputs on the
utilization of some locally available biomass feedstock for sustainable biofuel production. The
use of non-food feedstock should be promoted to reduce competition with food chain. There is
also a need to ensure that the biofuel policy does not end up as mere paper work but
consistently followed up through to implementation.

Much more, the academia should be funded and saddled with the responsibility of directing
more effort into biofuel research and development which can translate the varieties of our
tropical biomasses into biofuel feedstock. Centers of Excellences should be established in at least
each political zone, fostering biofuel research consortium towards building a home grown
technology for the Nigerian biofuel industry.

Small-scale biodiesel production from the farms can also be encouraged by providing portable
biodiesel processor which can be affordable to farmers in rural settlements. The production
technologies of biodiesel are relatively not complex for the developing economy to adopt both
at small-scale production and industrial scale. This is an advantage that can be utilized in Nigeria
and other African countries for biodiesel production.

There should be pragmatic approach to implementing the biofuel policy. According to the
Biofuel Policy, the roles of the Biofuel Energy Commission were specified to include monitoring
the supply and utilization of biofuels and biofuel blends in Nigeria. Furthermore, there is a need
to review the 2007 biofuel policy to accommodate recent trends in biofuel development
especially in the area of fourth generation biofuels as the 2007 policy was mainly based on third
generation biofuel. The tax with-holding and tax holiday incentives will be a very encouraging
support for the upcoming biofuel industries but there is need for research towards establishing
non-edible biomass feedstock to avoid competition with food source.

The agricultural system needs to be revitalized for both food and industrial crops and exports.
There is a need for large scale growing of biomass feedstock both by peasant and large scale
farmers to support the biofuel industry. The economic status of such peasant farmers will then
be enhanced. For consistent supply of cheap feedstock for biofuel production, municipal solid
wastes collection system should be restructured to encouraged separation of organic
components from source so as to utilize them for biogas production. Agricultural wastes should
also be explored for industrial biofuel production.

All existing biofuel research on Nigerian biomass should be well-documented and well-archived
in a database for easy documentation and retrieval of local biofuel information. Also, centers of
excellence for biofuel research should be established and more research should be directed
towards establishing new and cheaper feedstock as energy crops and discovery of more
economical methods of biofuel production. The improvement in production economy will
include sourcing for potential feedstock with more biofuel yield, cheaper catalysts and cheaper
source of energy inputs.

The linkages between researchers, faculties of engineering and the industries should be
strengthen and there should be synergy in the co-ordination of funding of research and research
commercialization among national economic empowerment and development strategy (NEEDS),
TETFUND, BOI, Small and Medium Industries Development Agency (SMEDAN) Manufacturers
Association of Nigeria MAN Federal Ministry of Agriculture and Rural Development.
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4.0 Conclusion

This review work indicates that a reasonable number of indigenous biomass has been
investigated and found suitable for biofuel production. However, these biomass are yet to be
adopted as biofuel feedstock in Nigeria. One of the major ways of actualizing the
industrialization of biofuel production in Nigeria is to adequately fund biofuel research, utilizing
indigenous feedstock and home-grown technology. More research should be funded towards
identifying more of the sustainable, non-food biofuel feedstock, pilot scale research and scaling
up of the existing research outputs towards commercial scale. There is a need to engage in
Design and construction of portable scale biodiesel plants from cheap and locally available
materials, plants which can be operated by SME's. Such move will position biofuel production in
Nigeria as a laudable step towards the revitalization of the agricultural sector which erstwhile
had been neglected.

Considering the very high potential for biofuel production in Nigeria, all hands should be on
desk to ensure the effective commercialization of biofuel research, converting the existing
research from bench scale to commercial scale. This will go a long way to enlist Nigeria as an
exporter of biofuel and improve the dwindling foreign reserve. Production of feedstock for
biofuel production will enhance the agricultural sector of the country which has been suffering a
setback as a result of the over-dependence on petroleum.
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