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Wood and other nonwood lignocellulosic materials are renewable natural resources useful for different applications based on end
users’ preference. Their use for generating energy, an application that has not been outmoded, has been noted to be increasing
worldwide owing to multifarious reasons. Therefore, there has been the need for studies with results targeted at sustainable
ways by which they can be sourced for this and other purposes, as this source of energy is currently still relevant particularly
in the developing world. Agroforestry techniques that are based on realisable concepts acceptable to stakeholders have been
suggested for this purpose. These age-long techniques are adopted for different purposes with incorporated components partly
dependent on native intelligence, indigenous/traditional knowledge, and/or users’ perspectives and expected outputs. Since wood
and other lignocellulosic biomass can be obtained using these production techniques, optimising their potentials in this regard
will be beneficial. This paper was therefore focused on the increasing trend in global wood fuel consumption and studies aimed at
contributing to improvement of agroforestry systems as sustainable sources of wood fuel, a renewable source of energy.

1. Introduction

There is no gainsaying that the level and rate of development
of any society is dependent on energy generation and
consumption [1]. Fire, for instance, has been essential to
civilisations for millennia, providing heat in the cold, light
in the dark, and warm food. So fundamental is fire that most
ancient societies have a myth relating to its “discovery”, and
since it was harnessed, biomass in the form of wood [2],
nonwood lignocellulosic and nonlignocellulosic materials
have been the primary fuel for it [1]. The situation does
not appear to have changed in many parts of the world
particularly those geographical locations termed developing
countries [1, 3–6].

This source of energy is so important in these areas that
the intensity of demand and utilisation have continued to
increase with trends that appear not to have the possibility
of reversing in the foreseeable future [1, 3, 4, 6–12]. Even
the areas termed developed countries that depend on fossil
fuels, such as coal and petroleum, are gradually increasing

biomass energy in their energy mix with renewed possibilities
of future increases based on informed projections [8, 9],
most of which is expected to be likely sourced from the
developing countries [1, 4, 13]. The challenge is finding
the sustainable combination of land use practices that still
produces fuelwood while at the same time providing food
crops and other environmental services [14].

There is, therefore, the need to be acquainted with
information in this regard, most especially on sustainable
strategies that can be adopted in contributing to the efforts
aimed at preventing likely future “energy crisis” as a result
of wood fuel shortage both at the local and global scales,
even if this perceived “crisis” did not come to pass in
the past, perhaps because firewood that were collected and
traded were considered sustainable [2, 15], although, there
were reports of fuelwood scarcity in some areas during the
period [16] with charcoal production noted to be a possible
contributor to forest degradation and destruction in some
areas [17].
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Figure 1: Flow diagram for bioenergy production.

Currently, information that will contribute to future
sustainable wood fuel production is important, particularly
for charcoal that has been noted to have a greater environ-
mental cost than firewood collection (e.g., see Figure 3). This
is because all the indices that led to the past predictions
of future “energy crisis” in the 1970s and 1980s are still
available and are likely to be aggravated by the present
and future increases in the use of biomass energy in the
developed countries. This might also be compounded by
the unpredictability in the socioeconomic, political, interplay
between these and other factors in the so-called developing
countries.

One of such strategies that information is needed on is
the development and application of agroforestry techniques
that are locally devised and accepted based on native
intelligence, indigenous/traditional knowledge, and/or users’
perspectives of its components including their expected
outputs [4, 6, 10, 11, 18]. This is particularly pertinent owing
to recent observations that most firewood does not come
from the forests but from trees in lots and woodlands outside
of forests [2, 15] such as agroforestry plots [19]. This paper is
therefore aimed at highlighting the importance of supporting
the development of agroforestry systems that are compatible
with local realities as a sustainable source of wood for fuel.

2. Current Trend in Global Consumption
of Wood Fuel

Renewable energy accounted for about 13.3% of the world’s
total primary energy [8], and it is believed that it will play
an increasingly important role in energy supplies in both
developing and developed societies in the future. Biofuels
amounted to almost 80% of the total renewable energy
supplying more energy than nuclear sources, and about four
times as much as hydropower, wind, solar, and geothermal
energy combined. About 75% of biofuels are derived from
wood fuel (fuelwood, charcoal, and black liquor) [3]. The
conceptual view of biomass energy in this paper is based
on Food and Agriculture Organization (FAO) of the United
Nations’ Unified Bioenergy Terminology [20] as shown in
Figure 1. It succinctly describes the process flow of bioenergy
production from biomass to bioenergy.

Wood fuel refers to all types of biofuels derived directly
and indirectly from trees and shrubs grown on forest and
nonforest lands, from silvicultural activities, harvesting and
logging, as well as industrial by-products [21]. It also simply
refers to any energy source that comes from woody biomass
covering a range of fuels, including fuelwood (sometimes
used synonymously with firewood), charcoal, industrial
fuelwood, wood pellets, biogas, cellulosic ethanol, and other
advanced forms of bioenergy [2] that can be used for indus-
trial, commercial, and domestic energy production obtained

Figure 2: Firewood stored for later use.

Figure 3: Remnants of charcoal in its production site.

through different biomass energy conversion routes with
documented continuous modifications and development
[1].

Wood fuel in the context of this discussion will be
limited to fuelwood and charcoal owing to the fact that
they are the mostly used types of wood fuel in developing
countries through direct combustion in unprocessed form.
Fuelwood, or firewood, consists of any unprocessed woody
biomass used to fuel a small fire, most often for cooking or
warmth while charcoal is a type of wood fuel made from
burning wood in a very low- or no-oxygen environment
[1, 2] through a process termed pyrolysis giving a mixture of
other products such as complex and highly variable fuel gases
and liquid. The appliances employed in burning fuelwood
and charcoal range from the three-stone fire (see Figure 4),
improved wood stove, charcoal stove with ceramic liner
to sophisticated charcoal burning stove, among others [1].
Figure 2 shows pieces of firewood stored for later use while
Figure 3 shows remnants of charcoal in its production site.

It was earlier estimated by Broadhead et al. [22] that
global production of wood fuel will increase moderately
from 1,885 million m3 in 2000 to 1,921 million m3 in 2010
and 1,954 million m3 in 2020 out of which it was also
estimated, based on Hofstad et al. [17], that the tropics will
consume about 1,400 million m3 of fuelwood each year,
while around 40 million metric tons of charcoal will be
produced with global charcoal supply in tropical countries
being between a quarter and a half of the firewood supply
based on a wood-to-charcoal conversion rate of between 8
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Table 1: Estimated future world demand for wood fuel up to the
year 2040.

Projected year 2010 2020 2030 2040

Fuelwood total (109 m3) 1.9 1.7 1.8 1.9

Domestic and commercial 1.9 1.5 1.5 1.4

Industrial bioenergy 0 0.2 0.3 0.5

Source: ITTO [23].

and 17. Recent estimates showed that consumption of wood
fuel increased worldwide. For instance, between 2004 and
2006 alone, global consumption increased by 6% [14], an
increasing trend that has been predicted to continue in this
manner in the foreseeable future [8] as earlier noted. Table 1
shows the estimated future world demand for wood fuel up
to the year 2040.

Presently, the bulk of energy needed by the countries of
the developed world is obtained from fossil fuels; however,
there are plans to increase the use of biofuel as an alternative
source of energy as experienced in some countries like those
of Organization for Economic Cooperation and Develop-
ment such as Austria, Finland, Germany, and Sweden, where
biomass, particularly wood, is increasingly being used for
the production of energy, most especially electricity [8],
heat, and power, used in forms which are considered to be
more convenient. Earlier, estimates showed that wood energy
accounts for more than 16 percent of total energy supply in
Sweden and Finland, and 12 to 18 percent in some Central
and East European countries [24] and as at present in many
of these developed economies governments or utilities are
now offering significant incentives (also known as subsidies)
for investment in biomass energy [14].

Part of the reasons why biomass energy currently attracts
attention is its renewability, potentials for decentralised
production, and, more importantly, its carbon neutrality and
hence its role concerning climate change mitigation [21].
However, the prospects of sourcing wood fuel from the
developing countries to supply the developed countries in
the future may encounter challenges in terms of feasibility
or may even become a challenge to sustainable supply of
wood fuel for local consumption, owing to the fact that
almost all the wood fuel generated in this part of the world is
presently consumed locally, a trend that will not likely change
soon partly because wood fuel sourcing and consumption
is central to domestic and commercial cooking and heating
including sustenance of livelihood in these areas [4], for
example, Figure 4 shows a woman cooking with firewood.

Apart from the projected future increase in wood fuel
consumption in developing and developed countries, it is
important to also note that some countries that are termed
emerging economies like Brazil, China, India, and South
Africa, among others, are likely to also increase their wood
fuel consumption in the future thereby increasing the pres-
sure on the available resources for this purpose. Nevertheless,
in both developed and developing economies the property
rights assigned to fuelwood are often very poor, the products
of fuel wood is not seen as economically significant and there

Figure 4: A woman cooking with firewood.

are presently no clear target for production that are linked to
sustainability [14].

For instance, Tables 2, 3, and 4 showed that more than
99% of the total wood fuel production in Africa, Asia, Latin
America, and the Caribbean were consumed locally most of
which were put to use at household/domestic level [25] in
the rural areas [9], the periurban and urban areas [4]. It
was also noted that the developing countries in Africa, Asia,
Latin America, and the Caribbean collectively contributed
more than 88% to the total world’s wood fuel production
while they also collectively consumed more than 88% of
the world’s total wood fuel consumption (Table 5). The data
presented in the Tables were for the year 2004, a trend that
has not significantly changed presently. Therefore, there is
an increased necessity for more efforts toward sustainable
means by which wood can be produced for generating
energy.

This is imperative because there presently appear not
to be a reliable alternative to this source of energy in
the developing countries most especially in the rural areas
[1]. It is noteworthy that the designations “developed”
and “developing” are intended for convenience and do not
necessarily express a judgement about the stage reached by a
particular country or area in the development process [26].
This explanation should also suffice for defining “urban” or
“rural” areas as division between them is often based on the
assumption that the physical distinction between the two is
self-explanatory and uncontroversial [6].

Nevertheless, developing country is a term generally used
to describe a nation with a low level of material well-being.
Most of the countries termed “developing countries” are
located in Africa, Asia, Latin America, and the Caribbean.
Thus, issues concerning sustainable wood fuel production is
important in these countries, most especially those in Sub-
Saharan Africa, where an average 52% of people live on less
than US$1 per day, and urban poverty is increasingly severe
with about 43% of urban dwellers living below the poverty
line of US$47 per month per capita [27].

Issues concerning wood fuel are important in the rural
areas, where most of the world population resides espe-
cially those in the developing world, where people living
below poverty line are concentrated [28]. In Sub-Saharan
Africa, there has been increase in people living in extreme
poverty with growing population [29]. High dependence



4 ISRN Renewable Energy

Table 2: Africa’s production, trade, and consumption of wood fuel in 2004.

Region Total wood fuel volume

(1000 m3)

Production Imports Exports Consumption

Central Africa 103673 0 0 103673

East Africa 194818 0 2 194816

Northern Africa 46371 0 0 46371

Southern Africa 55908 0 0 55908

West Africa 145292 0 1 145291

Africa’s total 546062 1 4 546059

Source: adapted from FAO [8].

Table 3: Asia’s production, trade, and consumption of wood fuel in 2004.

Region Total wood fuel volume

(1000 m3)

Production Imports Exports Consumption

Central Asia 2146 5 2 2148

East Asia 199545 8 6 199547

South Asia 379960 0 0 379960

Southeast Asia 186874 3 2 186875

Western Asia 6123 301 1 6422

Asia’s total 774647 317 11 774953

Source: adapted from FAO [8].

on traditional biomass as a source of energy and limited
access to commercial and modern fuels is opined to be a
manifestation of poverty [30]. It is however also necessary
to note that poverty is multidimensional in nature with
different meaning to different people.

For instance, poverty was defined by World Bank [31]
as a pronounced deprivation in well-being, and comprises
many dimensions. It includes low incomes and the inability
to acquire the basic goods and services necessary for survival
with dignity. Poverty also encompasses low levels of health
and education, poor access to clean water and sanitation,
inadequate physical security, lack of voice, and insufficient
capacity and opportunity to better one’s life.

While the United Nations fundamentally defined poverty
as a denial of choices and opportunities, a violation of
human dignity. It means lack of basic capacity to participate
effectively in society. It means not having enough to feed
and clothe a family, not having a school to attend or clinic
to go to for medical facilities, not having the land on
which to grow one’s food or a job to earn one’s living, not
having access to credit. It means insecurity, powerlessness
and exclusion of individuals, households, and communities.
It means susceptibility to violence, and it often implies living
in marginal or fragile environments, without access to clean
water or sanitation.

Irrespective of the different definitions and opinions,
poverty in its different dimensions should be a cause for
reinforced concern, particularly in Sub-Sahara Africa, where
sustainable development still appears to be elusive. The
linkages between renewable natural resources and sustain-
able development in this region cannot be over emphasised.

Therefore, improper management of renewable natural
resources, continuous intense unsustainable use of, and poor
research and education concerning them will be counter-
productive to achieving the much sought after sustainable
development [5, 32]. Wood energy can help promote devel-
opment, especially in rural areas where the most investment
is needed and the generation of employment is the most
difficult [33].

It was observed that investments in biomass energy
improve local economy [34] by adding value especially in
terms of the potential for increasing employment opportu-
nities, enhancing energy security, generating income through
job creation and the development of a strong export industry,
as well as the environmental benefit. For example, Min-
nesota’s Department of Energy and Economic Development
noted that $1 spent on petroleum energy generates 34 cents
of additional economic activity, while $1 spent on biomass
generates an additional $1.50 of local economic activity.
Thus, energy and energy systems have a central role in social
and economic development and human welfare at all scales,
from household and community to regional and national
[1, 3, 35, 36].

3. Agroforestry as a Means of
Producing Renewable Natural Resources

Agroforestry is a collective name for land-use systems and
technologies where woody perennials (trees, shrubs, palms,
etc.), bamboos, among others, are deliberately used on the
same land management unit as agricultural crops and/or
animals, in some form of spatial arrangement or temporal
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Table 4: Latin America and the Caribbean’s production, trade, and consumption of wood fuel in 2004.

Region Total wood fuel volume

(1000 m3)

Production Imports Exports Consumption

Caribbean 4977 3 0 4980

Central America 39473 0 0 39473

South America 192153 0 0 192153

Latin America and the Caribbean’s total 236602 4 1 236605

Source: adapted from FAO [8].

Table 5: Comparison between the world and developing countries’ 2004 total production, trade, and consumption of wood fuel.

Region Total wood fuel volume

(1000 m3)

Production Imports Exports Consumption

Africa 546062 1 4 546059

Asia 774647 317 11 774953

Latin America and the Caribbean 236602 4 1 236605

Developing Countries’ total 1557311 322 16 1557617

World’s total 1766925 3221 3911 1766278

% of World’s total 88.14 10 0.41 88.19

Source: adapted from FAO [8].

sequence [37]. These production systems and technologies,
although an age-long worldwide traditional practices, are
currently being scientifically developed and continuously
modified in many parts of the world, thereby receiving more
global attention and scientific recognition and attention [18].

These methods of renewable natural resources produc-
tion have been highly adjudged to be one of the solutions to
the problems associated with availability of productive land
for agriculture and forestry activities [18, 38], owing to their
ability to combine agronomic crops and/or livestock and
other types of animals with woody perennials on the same
land management unit either simultaneously or sequentially
in a deliberate manner [18]. These systems exist in various
forms depending on localities, environments, plant and
animal species, and their arrangement, management, and
their socioeconomic functioning, among other factors.

Nair [39] briefly characterised agroforestry as follows:
(a) agricultural systems (combining trees and agricultural
crops), (b) silvopastoral (combining trees + pasture and/or
animals), and (c) agrosilvopastoral systems (combining trees
+ crops + pasture/animals). Nevertheless, agroforestry is
an infinitely elastic system of renewable natural resources
production into which other different production systems
can be incorporated with their adoption depending on
many factors owing to multiple products derivable from
agroforestry practices.

One of the major products deliverable from agroforestry
is wood [40] that has applications for various purposes.
These applications are influenced by so many factors that
are dependent on resource producers, consumers/end users,
and other stakeholders. The use of wood for fuel is one of
the major applications it is put to in many rural areas of the
developing countries. Thus, agroforestry practices as well as

deliverables arising from its adoption have been identified as
one of the possible solutions to the problems of wood fuel
scarcity in some areas [41].

It has been observed that the large quantity of fuelwood
required for their various activities can be sustained if
farmers produce their own fuelwood rather than rely on
natural vegetation [42] or established forest plantations that
might be officially/legally inaccessible to rural populace even
as it has been noted that firewood collection and trade is
considered sustainable, for example, in most part of Sub-
Saharan Africa [15]. Thus, on farm fuelwood production can
become a profitable venture for small-scale farmers [15, 43].
Apart from this, establishing fuelwood plantations/woodlots
may be more involving in that it requires a separate piece of
land and is more expensive in terms of labour cost [44].

However, it is not only enough to recommend the com-
bination of fuelwood with other components of renewable
natural resources production methods, such as agroforestry
schemes, but it is also very important to be acquainted with
information relating to factors that influence or determine
choice of individual components for incorporation into
and sustenance in these schemes. This is because lack of
these information and/or enquiry for them resulted in
predominantly designing agroforestry technologies using
external perspectives thereby leading to failures of many of
these technologies or their rejection by farmers and other
producers in the past [4, 11, 18, 45, 46].

Recent studies have been able to show that series of fac-
tors, among which are socioeconomic, cultural, political, and
so on, are responsible for components incorporation into
and sustenance in agroforestry. For instance, Erakhrumen
and Ogunsanwo [47] and Ogunsanwo and Erakhrumen [48]
demonstrated the influence of gender on fuelwood sourcing
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and income generation in south-western part of Nigeria.
It was noted that more women and children engaged in
fuelwood sourcing and marketing in this study area as also
observed in similar other studies [49, 50], perhaps, among
other reasons, because ownership, access to, and use of these
agroforestry plots are almost always influenced by gender
division and sociocultural setting of communities.

The reasons for this are multifaceted but the main issue
to be pointed out here is that when policies regarding
agroforestry technologies are to be developed and subse-
quently implemented issues concerning gender should be
an important factor for consideration. It is well known
that most of the inhabitants of the developing countries
that are living below poverty line are women and children
[47, 51]. Therefore, forest- and agroforestry-based income
and employment opportunities are particularly important
to this category of people because of the ease of access and
very low threshold of capital and skill needed to enter and
engage in most of these activities especially those relating to
nontimber forest products [50] such as fuelwood gathering
and marketing [48].

In addition, it was shown that several other intrinsic and
extrinsic factors do influence choice of species to be incor-
porated and sustained in agroforestry systems. In buttressing
this, Erakhrumen [11] and Erakhrumen [18] evaluated the
influence of wood energy and specific gravity (SG), two
intrinsic properties of fuelwood, on its incorporation and
sustenance in a specific type of agroforestry system, that
is, scattered trees in croplands that is predominant in the
study area. It was noted, based on the prioritisation done
by respondents in the study area, that both properties had
influence on the choice of wood species for agroforestry in
the study area.

Wood energy, in the form of net calorific value (NCV),
for twelve species that top the priority ranking of the
respondents in the study area was noted to have values that
ranged between 14.65 and 21.68 MJ kg−1, and it was shown
that Pearson moment correlation value (r2) was as high as
0.874 (P < 0.05) between NCV and cumulative ranking
values (CRV) in the study area [11]. Likewise, it was also
shown that SG of the same twelve species ranged between
0.42 and 0.85 with an r2 value > 0.80 (P < 0.05) between SG
and CRV in the same study area [18].

Furthermore, Erakhrumen [4] investigated the extent
to which NCV and SG, collectively and individually, influ-
enced the choice of fuelwood for agroforestry using linear
regression models. It was found out that estimating CRV
using both NCV and SG as predictors produced a model
with a coefficient of determination (R2) of 77.1% with
a significant analyses of variance (ANOVA) result for the
model. Estimating CRV using NCV alone as a predictor
produced a model with an R2 of 67.7% with ANOVA
showing significant relationship between CRV and NCV,
while that for using SG as a predictor produced a model
with an R2 of 75.7% also with a significant relationship
between CRV and SG. Similarly, it was also shown that NCV
and SG were positively correlated as also earlier shown by
Erakhrumen [52] for the same woody species in the study
area.

Nevertheless, it is important to note that many other
factors that were not part of the studies reported earlier can
also influence NCV and SG. Among these factors, as also
highlighted in the papers [4, 11, 18] are presence of other
combustible material in wood, influence of various parts
of species and position of wood along and across the bole,
variation of the components properties of species, age of
woody species, species’ genetic character and biochemical
composition, difference in applied silvicultural techniques
and/or management regimes during growth, source of
provenances, geographical region, seed source, and types
and nutrient status of soils on which the species are grown,
among others.

As stated previously, the studies highlighted earlier were
carried out to identify some factors that are responsible for
and/or influence the incorporation into and sustenance of
components, such as wood, in different systems of agro-
forestry practices. There are many other factors such as its
use for soil fertility improvement and maintenance through
nutrient cycling, erosion control, production of wood for
construction purposes, fodder supply, fruits production,
control of livestock, living fences, stakes, ornamental value,
shades, and windbreaks, just to mention a few.

On the other hand, as important as fuelwood is in
many rural communities, there are other traditional uses
to which all parts of these woody species can also be
put such as for culinary purposes in the form of food,
juices, spices, condiments, oil, medicinal uses, chew stick,
ethnoveterinary medicine, as browse species for animals,
habitat for some beneficial insects, among others [6, 10]
thereby making inclusion of many of the woody species on
the list of preferred fuelwood species a good pointer to both
the importance of wood as domestic energy source in many
of the rural areas and the declining state, in terms of quantity
of woody resources for this purpose.

Therefore, in order to develop and implement sustainable
agroforestry policies and/or in the establishment of agro-
forestry plots, as also stated earlier, there will be the need
to be acquainted with information relating to locally devised
and acceptable basis for the production of renewable natural
resources, particularly those relating to native intelligence,
indigenous/traditional knowledge, and/or users’ perspectives
of its components. In addition, the information may be nec-
essary for, lead to, or aid future studies for the development
of urban woodlots as briefly highlighted in a study that
evaluated the potentials of an avenue tree as fuelwood by
Ogunsanwo et al. [53].

4. Conclusion and Recommendations

Wood usage as fuel has been shown not only to be important
in many parts of the world but also to be increasing in volume
and intensities of use, and this is one of the reasons why
series of studies had been and are still being carried out with
outputs that are aimed toward sustainable production and
use of this renewable natural resources for energy generation.
This is the main thrust of this paper that has been aimed at
contributing to increasing the awareness of all stakeholders
concerning increased global use of wood fuel and how
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renewable natural resources production methods, such as
agroforestry, can be improved for sustainable production of
wood for different purposes.

The factors highlighted in this paper are in no way
exhaustive because there are many other factors, as earlier
indicated, that are location/regionally dependent. Wood
fuel use in developing countries is not merely for cooking
and heating as there are other socioeconomic and cultural
determinants influencing its application for these purposes.
For example, in many parts of Africa, during cooking and
heating, some harvested farm produce, bush meat, and other
types of animal parts that require processing and preser-
vation through smoking and drying can be simultaneously
smoked or dried.

Apart from this and other factors, it is also important
to note that the technical level and efficiency of wood fuel
energy conversion system in use in this part of the world
is generally very low and mostly out of date with many
improvement possibilities available. Improvement on these
technical and efficiency levels, in line with local realities and
acceptance, are expected to aid in reducing fuelwood and
charcoal consumption through efficient conversion methods
and devices that put available wood energy to more frugal
use as its usage is presently far from being outmoded in many
parts of the world.
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