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Abstract 

Agroforestry is an ancient practice with numerous benefits ranging from climate change to Energy 

supply, Shelter and structures, Plant resources, Biodiversity and improving rural livelihood. In Nigeria 

the adoption of the various agroforestry system varies across the different ecological zones; the 

practices in rainforest and derived savanna zones include homestead garden, taungya and alley 

farming, while scattered farm trees, shelterbelt and silvopastural are practiced in the savanna zones. 

Like every other developing country, Nigeria is faced with a major problem in the energy sector and it 

also faces a herculean task in feeding its ever-increasing population. However, these could be 

alleviated by annexing products and services available through Agroforestry value chain.  

Nigeria is greatly endowed with abundant biomass resources which serves as raw material for the 

production of green energy capable of meeting her energy needs. Wood fuel consist of four main 

commodities namely fuelwood (firewood), charcoal, black liquor (bio oil) and wood waste in the form 

of sawdust. Briquette as an alternative source of energy produced from forestry and agricultural 

materials such as sawdust, sugarcane, wastes and some dead woods.  

The multifunctional approach of Agroforestry system also increases food production by increasing 

resilience of crops for improved food security through the combined production of trees and 

agricultural crops on the same piece of land. Available data has shown that there is a considerable 

increase in the quality and quantity of food crops and other agricultural produce using Agroforestry 

techniques such as Pastoral farming in the North, Home-garden in the East and Taungya farming 

system in the Western part of Nigeria.       

Considering the economic potential of agroforestry in food security and as renewable source of 

energy, various forms of agroforestry should be adopted based on its relevance to different ecological 

zones of Nigeria.  
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Introduction 

Agroforestry is defined as dynamic, ecologically based, natural resources management that, through 
integration of trees on farms and in the agricultural landscape, diversifies and sustains production for 
increased social, economic and environmental benefits for land users at all levels (FAO, 2008). 
According to Amonum et al (2009) Agroforestry is widely regarded as a land use system which is 
capable of yielding both wood and food while at the same time conserving and rehabilitating 
ecosystems. Trees are deliberately integrated into farmland purposely to meet the immediate needs 
of the people such as food, medicines, income and ecological needs (Zommer et al. 2014). 
Agroforestry plays a vital role in increasing agricultural productivity, it has productive functions, such 
as the capacity of the tree component to produce fuelwood, fodder, fruit, and service functions, and 
most importantly soil conservation. 
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In developing nations such as Nigeria, Agroforestry remains an important avenue through which 
farmers participate in tree planting (Otegbeye and Ogigirigi 1991) basically because of the benefits 
attached to it. Importance of planting trees on the farm includes being a source of food such as leafy 
vegetables, fruits, nut, seeds, alcoholic drinks, edible fats and oils amidst other economic importance. 

 
Agroforestry Systems in Nigeria 
Agroforestry is not a new concept in the humid tropical region. Different types of traditional 
agroforestry systems exist, but they are not categoriresed into distinct sysytems as there was no  
standard classification system. Nair (1989) proposed a classification system based on structural, 
functional, agroecological, and socioeconomic factors. In agroforestry land use systems, three basic 
components are managed by people: the tree (woody perennial), the herb (agricultural crops, 
including pasture species), and the animal. Based on their structure and function, agroforestry systems 
can be classified into the following categories: 

i. Agrisilviculture 
ii. Silvopastoral system 

iii. Agrisilvopastoral system 
iv. Other systems 

Benefits of Agroforestry Systems 
Through the promotion of “an efficient, competitive and sustainable agricultural sector, which assures 
food security and increased income, agroforestry techniques offer considerable benefits for long term 
agricultural sustainability when land is scarce or when soil has a low fertility or is sensitive to erosion. 
Trees and shrubs have an important ecological and economic role in farming systems, hence 
Agroforestry is important in the following purposes: 
(i) Soil Protection. This is by increasing nutrients in poor soils; and improving the structure of soil so 
that it holds more water).  
(ii) Energy supply by Providing cheaper and more accessible woodfuels; Woodfuels include fuelwood, 
charcoal, sawdust and its products (e.g. Pellets). Producing better quality woodfuels depending on the 
species planted).  
(iii) Shelter and structures (Providing cheaper building materials; Protecting animals, crops and 
humans from wind and sun; Providing fencing to protect crops from livestock and wild animals). 
(iv) Plant resources/biodiversity (Improving local environmental conditions for naturally occurring 
plants to grow; Maintaining and increasing the number of species of plants). 
(v) Cash income (Providing additional or off-season employment; Enabling the sale of tree products; 
Providing investments such as orchards, tree products, agri-business and long-term supplies of 
materials for the production of crafts. 

 

Agroforestry and Energy Production 

Agroforestry residue as potential for electricity generation in Nigeria towards 2040 

There is no doubt that the advancement of world economy has raised energy interest (Irfan et al., 

2019), because of the energy area's inborn bond to environmental changes and a dangerous 

atmospheric deviation, the replacement of fossil energy for alternative energy sources with low fossil 

fuel byproducts could be a feasible answer to manage developing energy interest and accomplish 

energy security (Chapman et al., 2018). Renewables like breeze and sun based, because of high force 

quality and low capital expense, assume a fundamental part in miniature lattices (Wang et al., 2020). 

These resources' helpful activity and ideal management experience the ill effects of nature (Aghajani 
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and Ghadimi, 2018). Not at all like sunlight based and wind assets, as biomass portrayal given so many 

advantages, handling irregularity as a promising and dependable choice of energy (Irfan et al., 2019).  

Biomass can be saved and used to produce power or changed into transportation powers and 

synthetic forerunners (Ferrario et al., 2018; Shahraki Shahdabadi et al., 2020). Consequently, utilizing 

biomass into items and energy arose bio-economy idea as a progress from a fossil-based to a bio-

based society and transformed biomass into a thrilling contribution to monetary movement (Vainio et 

al., 2019). Bio-economy follows reasonable development focuses by associating different areas some 

of which includes; forestry, agriculture, food, energy, waste management and chemical industries for 

reusing, recuperation and circularity (European Commission, 2018). The deployment of renewable 

technologies and improved energy conversion efficiency can substantiate these goals (Neofytou et al., 

2020). 

Nigeria like other countries of the world, has a huge potential to create bioenergy because of huge 

regional extension, the availability of plants and oilseeds, animals and metropolitan waste, close by 

long haul insight in using biomass deposits to deliver ethanol, power and warm in cogeneration units 

(Adegoke and Fuwape, 2008). According to the report of Africa Energy Outlook (2019), Natural gas 

remains the main source of power in the Africa continent, although there is a shift towards solar power 

as countries starts to exploit their large solar potential. Nigeria remains Africa’s largest economy with 

over 80% of her power generation coming from gas and crude oil. Nigeria is the largest user of oil-

fired back-up generators on the continent, Nigeria will however require less energy demand if the 

energy mix were to be diversified. 

Although, a number of policies has been stated to promote energy generation by 2040 that will 
drastically improve energy efficiency which can be projected to accelerated move away from solid 
biomass to supply from natural gas and renewable sources which could be expand in both scenarios 
to meet rising demand for energy and electricity access and clean cooking facilities for all (Fig 1) 

 
Source: Africa Energy Outlook 2019  

Fig 1: Nigeria primary energy demand and GDP 

 

 



4 

 
Source: Africa Energy Outlook 2019  

Fig 2: Nigeria electricity generation by technology 

 

Today’s power mix, dominated by hydro, gradually diversifies as solar power and natural gas 

increasingly make inroads into the power system. The combined share of solar and natural gas has 

been projected to reaches the level of hydro by 2040. Today, natural gas (27%) passes hydropower 

(26%) as the largest source of power supply by 2040 while the share of solar power rises to 24%. The 

main grid connects around 70% of the 230 million people gaining electricity access by 2030, alongside 

decentralised options for the remainder in more remote areas. In 2030, 530 million people remain 

without access. Decentralised solutions are the least-cost option for more than two-thirds of the 530 

million additional people connected by 2030 to reach full access 

Agroforestry residue and sustainable Energy source 

Agroforestry residues include a wide range of materials during the cultivation and harvesting activities, 

such as straw, leaves, stumps, branches and treetops. Besides, by-products from agroindustry, 

sugarcane bagasse, rice husk, and residues from wood industry are secondary agroforestry waste 

(Egbewole, 2018). From an economic perspective, the use of agroforestry residues has a set of 

significant advantages since they constitute an alternative to the use of other biomass types (Rajabi 

Hamedani et al., 2019). Biomass use for electricity generation has been increasing in Nigeria, mainly 

through cogeneration systems supplying steam and electricity to sugar and alcohol mills.  

Theoretical biomass energy potential calculation  

Theoretical biomass energy potential identifies the overall annual biomass energy production from 

agricultural and forestry residues. This potential is a function of annual crop and forest productivity, 

residue to product ratio and available residue. In line with preserving organic carbon and nutrients in 

the soil, the availability factor represents the permissible fraction of collecting residues (Egbewole 

2020). 

Theoretical biomass potential is calculated as;  
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N 
∑1 P ∗ AF ∗ LHV ∗ RPR…….. (1)  
1 

Where:  

P is the amount of forestry products and crops produced per year in tons;  

AF is the availability factor indicating the fraction of residue available to be collected for energy use in 

percentage terms 

LHV is the lower heating value of biomass residue in MJ/kg, 

RPR is a residue-to-product ratio.  

Technical potential of Agroforestry products 

Biomass conversion technologies for electricity production vary based on technical features such as 

capacity ranges, types of primary conversion reactors and related efficiency, types of pre-treatments 

required for each technology, levelized electricity cost, and technology maturity level (Lora et al., 

2019).  

Organic Rankine Cycle (ORC) technology offers a solution of lower capital, operation and maintenance 

cost requirement than gasification. Nonetheless, the notably higher power-to-heat ratio of the 

gasification technology boosts electricity generation revenue and offsets technology related cost 

(Rentizelas et al., 2009).  

In a study conducted by Lidiane et al., 2021 on the theoretical and technical assessment of 

agroforestry residue potential for electricity generation in Brazil, Conventional Rankine Cycle (CRC), 

Organic Rankine Cycle (ORC) and gasifiers coupled with internal combustion engines were selected to 

estimate biomass technical potential. It was reported that the viability of technology installation 

depends on the power plant capacity and the available biomass quantity. Therefore, the appropriate 

geographical distribution of technologies in the assessment of biomass technical potential is of great 

importance (Table 1).  

Table 1: Technical assessment of agroforestry residue potential for electricity generation 

Primary conversion 
technology 

Prime mover Characteristic Power 
range 

CRC Steam 
turbine 

Basic CRC schemes are relatively inefficient and can 
provide efficiencies in the range of 7 to 15% for typical 
pressures of 20 bar, depending on the equipment’s 
efficiency that makes up the cycle and the type of turbine 
used. Higher efficiencies require steam parameters to 
increase and implement schematic improvements, such as 
steam reheating and regenerative heating; these 
measures require a detailed cost/benefit analysis (Franco 
and Russo, 2002) 

>5000 
kWe 

ORC Steam 
turbine 

ORC is an efficient technological alternative for converting 
low and medium temperatures fluids into electricity on 
small and micro scales (Quoilin et al., 2013). The working 
fluids in an ORC cycle have a low boiling point and latent 

160–1000 
kWe 
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heat of vaporization lower than water, allowing 
evaporation from lower temperatures. Smaller enthalpy 
drop of organic fluids while expanding allows an efficient 
turbine design (Bao and Zhao, 2013). 

Gasification Internal 
combustion 
engine 

Biomass conversion is carried out through partial 
oxidation of the biomass at high temperature, usually 
between 500–1100 ◦C. The oxidizing agent used can be air, 
pure oxygen, steam and its mixtures (Decker et al., 2012). 
Gasification seeks to convert the maximum amount of 
biomass into a mixture of fuel gases used as fuel in an 
internal combustion engine (Demirbaş, 2001). However, 
there is a need to incorporate a gas cleaning system to 
reduce contaminants in the gas to engine manufacturers’ 
levels (Prabhansu Karmakar et al., 2015). 

1000–
5000 kWe 

 

Food security 
Food is a basic necessity of life which is essential for good health and optimum growth; it must 

however be of good quality and consumed in the right quantity. According to the United Nations' 

Committee on World Food Security, Food security implies that all people, at all times, have physical, 

social, and economic access to sufficient, safe, and nutritious food that meets their food preferences 

and dietary needs for an active and healthy life (FAO 2008). A family is food secure when its members 

do not live in hunger or fear of hunger.   

A major challenge to global food security is the need to approximately double food production over 

the next few decades, especially due to the rapidly growing demand from the developing world 

(Godfray et al., 2010). In Africa one in five people are hungry, making Africa the region with the highest 

prevalence of hunger in the world (FAO et al., 2020). As reported by Omodero & Adeyemo (2020), the 

rate of Food insecurity in Nigeria is increasing and this poses a serious challenge to her citizens. Nigeria 

has been unable to meet the domestic food requirements of its ever increasing populace though 

agriculture (FMARD 2016), climate change and insecurity in some parts of the country is also partly 

responsible for the low agricultural productivity. 

 

Combating Food security and Various Agroforestry  

Agriculture contributed significantly to the tune of 50% of Nigeria’s GDP up to the time of 

independence in 1960 and it also accounted for more than 75% of export earnings. However, with the 

discovery of crude oil and its rapid expansion in the late 1960s and early 1970s, the agricultural sector 

was neglected and the agricultural sector progress has been slower than expected inspite of the 

launching of various agricultural improvement programmes under different governments.  

The rise of the oil industry has led to a decline in agricultural productivity, primarily affecting such 

formerly important export crops as cocoa, groundnuts, and cotton, but also hurting output of such 

basic foods as yams, millet, rice, beans, and cassava. Nigeria imported 40 percent of its food in 1980, 

at an estimated cost of $2billion (Igbokwe 1983).  
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Nigeria is one of the ten countries that accounted for 60% of the world population and has a 

population of 140 million (Sutton, 1996). Mounting population pressure resulted in ever-smaller farm 

size and the need to sacrifice ‘unproductive’ trees in favour of planting food crops. Moreover, the 

inability to raise yield levels forced the growing population to bring more land, often marginal land, 

under cultivation at the expense of the natural vegetation (Ed Verheij, 2007). Baumer (1990) reported 

that before long these trends led to alarming reports about deteriorating land use systems: expanding 

‘dust bowls’ and deserts (because of wind erosion), degraded land following loss of topsoil and silting 

up of irrigation systems (all because of water erosion), declining soil fertility and yield levels (because 

of inadequate inputs such as manure and fertilizer and the opening up of marginal lands), etc. 

However, such negative experiences during the period led some farmers to experiment with 

agroforestry practices combining a diversity of livestock, annual crops with cultivated trees and use 

wild forest products such as cocoa. Previous researchers (Akinnifesi et al.2008; Adegbehin and 

Igboanugo, 1990) suggests that Agroforestry science and its application in development by small 

holders throughout the tropics plays an important role in achieving greater food security. Akinnifesi 

et al.(2008) reported that decade long trial in Malawi in which maize was intercropped with Nitrogen 

fixing tree Gliricida sepium, produced yields that averaged 3.7 tonnes a hectare, compared to 1.1 

tonnes on plots without Gliricida. Small additions of mineral fertilizer push the yields above 5 tonnes. 

Similar results were observed in Zambia, Kenya, Tanzania and other countries of Southern and Eastern 

Africa.  

Conclusion 

In Nigeria as well as other part of the world several attempts have been made to adopt Agroforestry 

practices particularly in the area of agrisilvicultural types, in the tropics (Adegbehin and Igboanugo, 

1990). However, the system has not been fully accepted due to the slow and/ or long term returns 

from the trees. A farmer would rather engage in cultivating annual crops that would bring in cash to 

cater for his necessary and immediate needs. Besides, perennial plants like trees, shrubs have the 

potential to provide large quantities of bio fuel feed stock. Given a relatively fixed land base, any 

Agroforestry practice can be designed to produce a harvestable product and at the same time provide 

a conservation service which helps to bridge the competition between agriculture and forestry land 

uses for energy crop production. 

High and increasing population densities in large areas of many African countries have generated a 

negative impact on agricultural production and environmental integrity. Evidence has revealed that 

owing to increasing human and livestock population pressure on arable land and forest resources large 

areas in Sub-Sahara Africa have been exposed to serious loss of soil fertility, degradation and 
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ecological imbalance. One significant result is the declining agricultural productivity which is why 

poverty in the continent is so heavily concentrated among the rural populace.  

 In the past 15years, the interest in the adoption of agroforestry practices has increased dramatically. 

The primary reasons for this expanded interest have been for economic diversification and 

conservation benefits. Trees introduce both vertical and horizontal structural variation in agricultural 

landscapes. Agroforestry adds plant and animal biodiversity to the landscape that might otherwise 

contain only monocultures of agricultural crops. Agroforestry can serve to connect forest fragments 

and other critical habitats in the landscape. 
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