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Abstract—This paper presents the underlying 
dynamics governing the sustainable transition 
from fossil fuels to bioenergy for the attainment 
of energy security in Nigeria. In addition, it 
presents answers to the challenges hampering 
the long term practicality and sustainability of 
biomass energy technologies (BETs) to cater for 
Nigeria’s growing energy demand and security. In 
analyzing the current status of BETs in Nigeria, 
the study also identifies the potential biomass 
resources, prospective conversion technologies 
and examines the role of implementation on the 
long term energy security of Nigeria. The results 
of the study indicate that despite Nigeria’s vast 
biomass resources, the utilization of bioenergy 
cannot independently provide Nigeria’s energy 
needs. The findings of the study also suggest 
that in order to safeguard the nation’s energy 
security and ensure clean, renewable and 
sustainable energy supplies the current fossil 
fuel energy systems will need to be integrated 
with bioenergy generation in future hybrid 
systems. As a result, we infer that bioenergy can 
only complement fossils in the Nigerian energy 
economy in the nearest future. 
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I. INTRODUCTION 

The deployment of energy resources in Nigeria is 
governed by the appositely termed National Energy 
Policy (NEP) established in the year 2003. The NEP 
is a strategic blueprint for the sustainable production, 
efficient supply and effective utilization of the nation’s 
energy resources The policy presents modalities for 
the socioeconomic growth, sustainable development 
along with an economic apparatus for establishing 
international trade and cooperation between Nigeria 
and other partners in the global energy economy 
(GEE) [1]. In order to achieve this, the Federal 
Government of Nigeria (FGN) established a national 
framework for the optimal, reliable and secure energy 
supply from its abundant of reserves of petroleum, 
natural gas, coal and tar sands [2].  

However, global concerns about the impending 
effects of climate change as well as rapidly depleting 

reserves and price volatility of fossil fuels have 
necessitated a policy shift towards renewables 
particularly in developing nations [3-6]. 
Consequently, the FGN aims to diversify its energy 
supply from fossil fuels to RETs thereby creating a 
low carbon energy mix [7]. In addition, the proposed 
energy transition aims to decrease the 
overdependence of the nation’s economy on fossil 
fuels and establish an energy economy based on 
clean, renewable and sustainable energy 
technologies. Furthermore, it is envisaged the 
proposed low carbon energy transition will diversify 
Nigeria’s energy mix, increase energy security and 
reduce energy poverty [8].  

In view of this, the FGN enacted the Renewable 
Energy Master Plan (REMP) in 2005 with the task of 
directing the nation’s drive for a low carbon energy 
economy. The policy provides the legal structure for 
accelerating the development and diffusion of 
renewable energy technologies (RETs) as well as 
articulating Nigeria’s roadmap for the realization of 
the fossil fuels to renewables energy transition. The 
policy hopes to achieve its goals by adopting 
renewable portfolio standards; creating innovative 
fiscal market, and financial incentives for the 
sustainable growth and development of renewable 
energy industry in the country [9]. More importantly, 
REMP aims to identify, evaluate and stimulate the 
development and diffusion of the most viable 
renewable energy technologies (RETs) in the 
country. According to the NEP and REMP policy 
thrusts Nigeria can efficiently and adequately 
generate clean, renewable and sustainable energy 
from hydropower, solar, wind, geothermal and 
biomass resources. Furthermore, studies by 
researchers in Nigeria have identified biomass, solar 
and hydropower was the most viable energy source 
for establishing the proposed low carbon energy 
economy [10-13].  

Currently, biomass is considered the most 
practical, cost effective and carbon neutral RETs for 
the establishment of low carbon energy economy in 
Nigeria [9, 14]. It is estimated that over 95 million 
people rely on traditional fuelwood biomass for their 
domestic energy needs in Nigeria [15]. Therefore the 
utilization of biomass for energy purposes in the 
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country is widespread and established in the country 
[16].  

However, the utilization of biomass resources for 
energy is beset by operational challenges such as 
low energy density, high moisture content, alkali 
content, bulky heterogeneous nature [17-20]. In 
addition, biomass utilization on a large scale 
particularly in power plants presents sociotechnical 
and environmental issues that need urgent attention 
before the nation can achieve a bioenergy economy 
[21-23].  

In view of these dynamics, the transition from 
fossil fuels to a bioenergy energy economy and the 
attainment of energy security in Nigeria requires 
further comprehensive research. More so, this raises 
questions about the long term practicality and 
sustainability of biomass energy technologies (BETs) 
to cater for Nigeria’s growing energy demand and 
security. Therefore, this study aims to identify the 
potential Biomass Resources, Biomass Conversion 
Technologies (BETs) and examine the role of their 
implementation on the long term energy security of 
Nigeria.  

II. DISCUSSION 

A. Biomass Resources in Nigeria 

Biomass is considered to be a carbon neutral 
source of clean, renewable and sustainable fuels for 
the future [24]. In addition, its convertibility and 
versatility as a source of solid, liquid and gaseous 
fuels for application in future energy systems makes 
it an attractive option for establishing a low carbon 
energy economy [25].  

Consequently, the conversion of biomass fuels 
into future energy fuels can theoretically mitigate the 

effects of climate change, stimulate low carbon 
development and ensure energy security [8, 26]. This 
is particularly important for Nigeria, an oil exporter 
and consumer, with high levels of annual GHG 
emissions. This is predominantly through 
anthropogenic activities in the agriculture and land 
use, oil and gas, power and transport sectors of the 
Nigerian economy.  

According to the World Bank funded report [7],  
the establishment of a low carbon energy economy 
presents a practical solution for Nigeria’s quest to 
address the issues of climate change and future 
energy security. It highlights the need for a dynamic 
climate resistant agriculture sector, more cost 
effective and geographical generation of power, more 
efficient use of oil and gas resources, better mass 
transport services which can result in low congestion 
and better air quality. 

Therefore the valorization of biomass resources 
particularly from agriculture and land activities can 
effectively ensure the growth of a low carbon 
bioenergy economy in Nigeria. The biomass 
resources in Nigeria can be broadly categorized into; 
agricultural waste, forest residues, and municipal 
solid waste. Due to the abundance and low cost 
nature of agriculture residues in Nigeria, scientists 
opine that this category will contribute to the most to 
the bioenergy economy. According to the FAO, the 
top 10 cultivated agricultural crops in Nigeria are; 
Cassava, Cowpea, Groundnuts, Maize, Millet, 
Plantains, Oil Palm, Rice, Sorghum and Soybeans 
[27]. Table 1 presents an overview of the estimated 
amount of agricultural residues generated in Nigeria 
in 2013.  

TABLE I: ESTIMATED AMOUNTS OF AGRICULTURAL RESIDUES IN NIGERIA [27-30]. 

Major Crop Crop Yield  
(10

6
 t) 

Residue to Product 
Ratio (RPR) 

Residue Amount  
(10

6
 t) 

Cassava 54.00 0.31 16.74 

Cow peas 2.50 1.75 4.38 

Groundnuts 3.00 1.39 4.17 

Maize 10.40 1.70 17.68 

Millet 5.00 1.75 8.75 

Oil Palm 0.96 0.15 0.14 

Rice 4.70 1.75 8.23 

Sorghum 6.70 1.75 11.73 

Soybeans 0.60 2.50 1.50 

Total 87.86  73.30 

The results in Table 1 indicate that the average 
total amount of residues generated in Nigeria is 
73.30 million tonnes. At an average higher heating 
value of 13-15 MJ/kg [31-33] for biomass based 
agricultural residues the agricultural residues can 
generate an equivalent of 953 PJ or 22.8 Million 
Tonnes of Oil Equivalent (MToe). Consequently, 
there is huge potential for biomass resources for 

future bioenergy utilization in Nigeria. However this 
will require addressing the numerous technological, 
sociopolitical and environmentally challenges that 
perpetually beleaguer the bioenergy development. 
According to study Eleri et al., (2011), the major 
factors hindering the development of a low carbon 
energy economy in Nigeria include, weak policy 
implementation and institutional framework, lack of 
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financing, inadequate information and enlightenment, 
and non-existence of local manufacturing [9]. Section 
B of the paper will briefly outline the various 
established technologies that can be employed for 
the valorization of agriculture residues into bioenergy 
in Nigeria.  

B. Biomass Conversion Technologies 

The properties of biomass resources such as high 
moisture and alkali content, bulky heterogenous 
nature as well as low energy density are major 
barriers to its transformation into energy and 
transport fuels [25]. Consequently, the logistics of 
handling, storing or transporting biomass often 
necessitates its conversion (valorization) into liquid, 
solid and gaseous fuels [34]. This is typically 
achieved using two major conversion routes namely; 
thermochemical and biochemical [25, 35]. Figure 1 
presents an overview of the outlined routes for 
conversion biomass resources such as agricultural 
residues into valuable energy and fuels for future 
energy systems. 

 
Fig. 1: Biomass Conversion Routes [25]. 

The thermochemical routes involve the conversion 
of biomass residues using thermal conversion 
systems such as boilers (or combustors), gasifiers, 
and pyrolyzer through thermal-chemical reactions 
such as combustion, gasification, liquefaction, 
carbonization and pyrolysis. The processes can 
convert agricultural residues into useful energy and 
fuels in solid, liquid and gaseous fuels forms. In 
addition, techniques such as torrefaction [36-38] and 
hydrothermal carbonization [39, 40] can be utilized to 
improve the fuel properties of agricultural residues for 
further applications in biomass conversion 
technologies.  

The biochemical routes include more established 
technologies such as fermentation, enzymatic 
hydrolysis and digestion of biomass resources. This 
basically results in the production of liquid and 
gaseous biofuels such as bio-methanol, bioethanol, 
and biogas. However, the biochemical route for 

valorizing biomass resources is much slower than the 
thermochemical route [25]. 

C. Biomass Energy Security in Nigeria 

Consequently researchers are exploring the 
various outlined biomass conversion routes to enable 
the establishment of a bioenergy energy economy in 
Nigeria. However, due to complexity of the process, 
there is an urgent need to address the barriers 
hampering this low carbon transition required for to 
ensure Nigeria’s energy security. Accordingly, the 
outlined challenges enumerated by Eleri et al., (2011) 
need to be addressed both on a policy as well as on 
the technological, socioeconomic and environmental 
level.  

These challenges can be addressed by erasing 
the policy barriers hindering the development and 
diffusion of bioenergy and other RETs in the Nigeria 
energy climate. The institutions in the country must 
be encourage to stimulate discussions, debates and 
policies that create favorable policy environment for 
the growth of the proposed low carbon bioenergy 
economy.  

Furthermore, policy implementation particularly, 
the National Energy Policy (NEP), Renewable 
Energy Master Plan (REMP) National Electric Power 
Policy (NEPP), National Policy and Guidelines on 
Renewable Electricity (NAPGRE) and the National 
Bio-fuels Policy (NBP) need to revised, harmonized 
and rejuvenated to cater current dynamics of the 
current energy climate in Nigeria. 

In addition, the lack of adequate financing, 
monetary incentives and favorable tax regimes have 
contributed to the challenges of establishing a 
bioenergy economy in Nigeria. The high cost of 
equipment, logistics and R&D funding prevent 
potential investors and entrepreneurs from venturing 
into the bioenergy climate. Furthermore, the high cost 
of energy produced from RETs in general are 
typically high even with government incentives which 
are clearly lacking in the Nigerian bioenergy climate.  

Hence the government must establish a regime of 
financial incentives to stimulate growth and 
development of companies, organizations and 
original equipment manufacturers (OEM) required to 
ensure RETs strive. Lastly, the FGN must needs 
increase awareness on the potential benefits of a low 
carbon bioenergy economy and its role in ensuring 
energy security in the country. This will increase 
participation in the growth, development and diffusion 
of bioenergy technologies as well as reduced GHGs 
from fossil fuels and promote environmental 
sustainability.  

With these challenges abound in the Nigerian 
energy economy it is unlikely that bioenergy will 
replace fossil fuel systems in the near future. Instead, 
the proposed low carbon bioenergy economy will 
complement fossils fuels in future hybrid energy 
generation systems such as gasifier to gas turbines, 
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gasifiers to solid oxide fuel cells (SOFC) among 
others.  

 

III. CONCLUSION 

This study was aimed at investigating the dynamics 
of the energy transition from fossil fuels to bioenergy 
in Nigeria. The study highlighted the role of the 
practicality of the proposed bioenergy economy on 
the long term energy security of Nigeria. 
Furthermore, the study categorized the nation’s 
biomass resources, potential biomass conversion 
technologies (BETs) and their role long term energy 
security of Nigeria. The study infers that bioenergy 
cannot independently provide Nigeria’s energy needs 
but can potentially complement fossil fuel based 
energy systems in future hybrid systems.   
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