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ABSTRACT

The telecommunications industry is a significant contributor to greenhouse gas
emissions, primarily due to the high energy consumption of its infrastructure. Nigeria,
with its rapidly growing telecommunications sector, is not exempt from this
challenge. This paper reviews the carbon credit potentials of tree-biomass for
telecommunications applications in Nigeria. We examine the current state of the
telecommunications industry in Nigeria, the carbon footprint of the sector, and the
potential of tree-biomass to mitigate these emissions. Our analysis reveals that tree-
biomass has significant carbon credit potential for telecommunications applications
in Nigeria, with benefits including reduced greenhouse gas emissions, improved
energy security, and enhanced sustainable development. It was Recommendations

Keywords: amongst others that a national policy should be developed by the government to
Carbon Credit, provide a framework for the development of the tree-biomass industry, a significant
Tree, investment should be made in technology and infrastructure to improve the efficiency
Biomass, and cost-effectiveness of tree-biomass production and processing and a public
Telecommunications, awareness and education campaigns should be launched to promote the benefits of
Applications. tree-biomass and encourage its adoption.
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INTRODUCTION

The telecommunications industry is a critical component
of modern society, enabling communication, commerce,
and innovation. However, the industry's energy
consumption and associated greenhouse gas (GHG)
emissions have significant environmental implications.
Around the world, information and communication
technologies (ICTs) account for 1.8% to 3.9% of
greenhouse gas emissions (IEA 2020). Mobile
communication systems form the majority of the ICT
sector. This is because it provides people with
comfortable communication means that promote
efficient and effective business and social interaction,
and is essential for the development of business and
everyday life spans. Therefore, the demand for mobile
communication systems will increase and if more human
activities become digital, they will continue to take place
in the near future. As a result, greenhouse gas emissions
directly connected to ICTs rose twice as fast as global
overall emissions between 2002 and 2012. Consequently,
when lowering GHG emissions in the ICT sector,
attention should be paid to the use of mobile
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communication systems and should be prioritized as
such, approximately 70% of the system's overall energy
needs must be met. Base Stations (BSS) are used in
mobile communications systems (Holtkamp et al., 2014).
As customers continue to expand their services, there is a
growing demand for data traffic and mobile
communications. As a result, a lot of research has been
done on the sources of BS's power, energy consumption,
and energy efficiency. For the interdependence of BSS,
we have created a linear BS performance model (Rilwan
& Mojisola, 2024).

The telecommunications industry in Nigeria is a
significant contributor to greenhouse gas emissions,
primarily due to the high energy consumption of its
infrastructure. The main contributors to these emissions
are: Base Stations (BSS): These are the largest energy
consumers in the telecommunications sector, accounting
for more than 70% of the total energy requirements. The
high energy consumption of BSS has to do with the need
for continuous power supply to ensure reliable and
efficient telecommunications services. Researchers
(Lorincz et al.,, 2012) created a linear BS power
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consumption model that could be used in situations
where BSS are interdependent and demonstrated through
measurements a direct correlation between the traffic
load of BSS and their power consumptions. The goal of
the study in (Goshwe et al., 2015) is BSS power supply
with low overhead expenses. Techniques for optimizing
BSS power consumption were created and applied in
(Faruk et al., 2013) and (Faruk et al., 2012). Currently,
the transportation and electrical industries use MIMO
(multiple inputs and multiple outputs) and Individual
Inputs Used Single Edition (SISO) techniques
(Takeshita, 2013; Chan et al., 2013). Most Base Stations
in Nigeria rely on diesel generators as a primary source
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of power, which contributes significantly to greenhouse
gas emissions. It's estimated that approximately 4000
tons of CO2 are released daily into the atmosphere due to
the operations of BSS in Nigeria and the power
consumption patterns of  telecommunications
infrastructure, including BSS and data centers, also
contribute to greenhouse gas emissions. The increasing
demand for telecommunications services and the
resulting growth in infrastructure have led to higher
energy consumption and associated emissions. Table 1
shows the power ratings at a typical 3G/4G BTS
consumption in Nigeria.

Table 1: Power ratings of equipment at a typical 3G/4G BTS in Nigeria (Faruk et al., 2013; Faruk et al., 2012;

Obinna & Osawuru, 2020)

S/N Equipment Power Rating (W) Quantity Total Power (kW)
1 Transceiver (3G) (DC) 800 4 3.2
2 GSM Antenna (DC) 20 3 0.06
3 Multiplexer (DC) 240 1 0.24
4 Microwave antenna (DC) 5 5 0.025
5 Baseband unit (DC) 180 1 0.18
6 Router (DC) 330 1 0.33
7 Intermediate frequency links (DC) 20 9 0.18
8 Rectifier (AC) 2400 1 2.4
9 Air conditioner (AC) 1700 2 1.7
10 Indoor light (AC) 60 2 0.12
11 Security light (AC) 100 2 0.20
Total Power 8.635

Nigeria's telecommunications sector is indeed growing
rapidly. This is because the Nigeria telecom market size
is estimated to reach USD 11.97 billion by 2030, growing
at a Compound Annual Growth Rate (CAGR) of 4.7%
from 2025 to 2030 (ITU, 2015), Broadband penetration
in Nigeria reached 45.57% as of August 2023, with the
government aiming to achieve 70% penetration by 2025
(ITU, 2015) and the country has over 34,862 telecom
towers, supporting extensive network coverage across
both urban and rural areas. Also, Major telecom operators
like MTN Nigeria have already deployed 5G networks
across 13 cities, with 700 sites as of May 2023 (ITU,
2015). The smartphone segment dominates the Nigeria
telecom market, accounting for approximately 99% of
internet device penetration in 2024 (1TU, 2015). Finally,
Internet subscriptions in Nigeria have been increasing
steadily, with the number of internet subscribers reaching
over 150 million as of 2023 (NCC, 2020).

These statistics demonstrate the rapid growth of Nigeria's
telecommunications sector, driven by increasing demand
for high-speed internet services, expanding network
coverage, and growing adoption of digital technologies.
To guarantee quality of service, the power supply does
not need to be turned off for a full day. Because 38% of
Nigerians have access to broadband, the country's
telecom sector has expanded quickly. Since 2019, this
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has worked with more than 72 million subscriptions
(NCC, 2020). In 2019, there were 184.7 million active
language subscriptions overall, representing a 96.76%
mobile penetration rate (NCC, 2020). Nigeria's telecom
sector earned over $942 million in 2019 and accounted
for 10.6% of the country's GDP in foreign direct
investment (NCC, 2020). As a result, the Nigerian
economy greatly depends on the telecommunications
sector, which has further economic potential as it
expands. The most crucial direct and supporting
infrastructure is essential to the development and growth
of the telecommunications sector. Power or BS is in
charge of the direct and support infrastructure. It is
crucial to increase the number of BS in order to support
better broadband and communication service delivery for
more Nigerian subscribers. For a mobile network to
function smoothly and continuously with near-perfect
availability to maintain a high degree of reliability and
quality, power infrastructure is crucial. The effective
functioning of MNOS operations is hindered by
unreliable and inadequate power supplies to
telecommunications BSSs. Infrastructure development in
Nigeria's telecom sector comprising 124 microwave
gateways, 34,033 BSS, and more than 102,000 km of
fiber cable in 2019 (NCC, 2020). However, Nigeria's
current sector did not see a corresponding increase in
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infrastructure. With a daily maximum generation of
5.157 GW and a daily average generation of less than 4.5
GW, the average generation capacity decreased by 7.01%
to0 6.238 GW in the fourth quarter of 2019 (NERC, 2020).
Nigeria had 64% access to electricity between 2018 and
2019, with 91% of its cities and 46% of its rural areas
electrified (NBS, 2020). In contrast, during the same time
period, the average power availability in places with
access to electricity is seven hours (NBS, 2020). This
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state may have a reliability disadvantage in the Nigerian
power sector and the caliber of telecom services in the
event that no other options are discovered. As a result,
MNOS supplies BSS mostly from diesel generators.
According to (Fatokun et al., 2015; GSMA, 2020), 3% of
Nigeria's estimated 76% off grid BSS can be attributed to
renewable energy. An overview of Nigeria's BSS as a
whole and the average daily power supply availability as
of 2019 are shown in Table 2.

Table 2: Summary of BSS in Nigeria and Average Daily Power Supply Availability as at 2019

SIN Total BSS Off-Grid BSS (humbers) On-Grid BSS  Ave. power
(numbers)  Diesel generator Renewable energy (numbers) availability (hrs)
Powered powered
34,033 25,220 780 8033 7

In the report of (Adepetun, 2015), MNOs in Nigeria use
a 15 - 20 KVA power generating set at each of their BSS
from diesel as an energy and power source. Each BS
receives two of these production sets, which may need to
be replaced every two years based on wear and tear
(Adepetun, 2015). MNOS has made a significant
investment in this. Installation and operation are not cost-
effective since production rates are typically not utilized.
Ultimately, one of the main effects of a strong
depreciation is greenhouse gas emissions to the
environment and ultimately the atmosphere. As a result,
a significant financial victim was burned at the altar by
dependable, effective communications services that
released greenhouse gases as smoke.

Each of the BTSS, which are installed worldwide,
consumes 25 mWh of electricity on average each year
(Lorincz & Bule, 2013; Balogun et al., 2017). With a
25% annual increase in tandem with the growing need for
transportation, especially in developing nations,
estimates have increased dramatically from the previous
year in 2013 (Hassan et al., 2011). Since island
generators are mostly utilized when the BTS is operating
at full capacity, BTS is the primary energy source that
needs a section of the mobile telecommunications
network.

High operating and maintenance expenses and
greenhouse gas emissions (Murthy & Kavitha, 2012).
Additionally, when microcell load is present, BTS's
increased power requirements may result in subpar
quality of service (QOS) (Zhang et al., 2015). In line with
this objective, calls for 2.5 billion liters of telecom
companies by 2012 have been made in pursuit of this
objective. CO2 emissions are greatly decreased as a result
(Vincenzo and Sara, 2011, Balogun et al., 2017). Airtel
Telecommunication Company 250 BTS in Nigeria has
also replaced its diesel generators with greener models,
which lowers greenhouse gas emissions and epileptic
power in impacted areas (Ani and Nzeako, 2008). The
most recent calls for the switch from 4G to 5G mobile
applications represent an alternative perspective on this
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research. In order to satisfy the demands of mobile
communications, the fifth generation of
telecommunications networks by facilitating the
unavoidable rise in mobile data usage. Enhancing
capacity, data rates, and incubation times is just one of
the fifth-generation network's capabilities. It also
addresses the greatest degree of adaptability to deliver a
range of services in numerous settings utilizing various
technologies in a very effective, reliable, and affordable
manner (Brydon, 2014). You will achieve the cost-
effectiveness, flexibility, and agility that future mobile
networks impacted by size, growth, and age will need
(Brydon, 2014).

Therefore, to mitigate these emissions, there is a need to
explore alternative energy sources, such as renewable
energy solutions, to power telecommunications
infrastructure in Nigeria.

Carbon Footprint of the Telecommunications Sector
in Nigeria

The telecommunications sector in Nigeria is a significant
contributor to GHG emissions, primarily due to the high
energy consumption of its infrastructure. A study by the
International Telecommunication Union (ITU) estimated
that the global telecommunications sector accounted for
approximately 2% of global GHG emissions in 2015. In
Nigeria, the telecommunications sector is estimated to
account for around 1.5% of the country's total GHG
emissions. The telecommunications sector is a significant
contributor to greenhouse gas (GHG) emissions,
primarily due to the high energy consumption of its
infrastructure. Nigeria, with its rapidly growing
telecommunications sector, is not exempt from this
challenge. As a signatory to the Paris Agreement, Nigeria
has committed to reducing its GHG emissions and
mitigating the effects of climate change (Abubakar et al.,
2023; 1TU, 2015)

The carbon footprint of the telecommunications sector in
Nigeria is significant, primarily due to the high energy
consumption of its infrastructure. The sector's carbon
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footprint can be attributed to several factors, including:
Energy Consumption, when the telecommunications
sector in Nigeria relies heavily on fossil fuels to power its
infrastructure, including base stations, data centers, and
network operations centers. Network Infrastructure such
that the expansion of telecommunications networks in
Nigeria has led to an increase in the number of base
stations, data centers, and other network infrastructure,
which consume significant amounts of energy and data
centers where the centers are a significant contributor to
the carbon footprint of the telecommunications sector in
Nigeria, as they require large amounts of energy to power
servers, cooling systems, and other equipment.

Impact of the Telecommunications Sector's Carbon
Footprint on the Environment

The carbon footprint of the telecommunications sector in
Nigeria has significant impacts on the environment, in
such a way as the GHG emissions from the
telecommunications sector contribute to climate change,
which has devastating impacts on the environment,
including rising temperatures, sea-level rise, and extreme
weather events. Also, the combustion of fossil fuels to
power telecommunications infrastructure releases air
pollutants, including particulate matter, nitrogen oxides,
and sulfur dioxide, which have negative impacts on
human health and the environment. And the expansion of
telecommunications networks in Nigeria has led to the
destruction of natural habitats and ecosystems, which has
negative impacts on biodiversity and ecosystem services
(Abubakar et al., 2023; Adepetun, 2015).

Potential Strategies for Reducing the Carbon Footprint
of the Telecommunications Sector in Nigeria

The carbon footprint of the telecommunications sector in
Nigeria is significant, primarily due to the high energy
consumption of its infrastructure. However, several
strategies can be employed to reduce the carbon footprint
of the sector, including transitioning to renewable energy
sources, implementing energy-efficient technologies and
practices, designing and deploying sustainable network
infrastructure, and carbon offsetting. Several strategies
can be employed to reduce the carbon footprint of the
telecommunications sector in Nigeria, when transitioning
to renewable energy sources, such as solar and wind
power; can significantly reduce the carbon footprint of
the telecommunications sector in Nigeria. Energy
Efficiency by Implementing energy-efficient
technologies and practices, such as reducing energy
consumption during peak hours and using energy-
efficient equipment, can also reduce the carbon footprint
of the telecommunications sector. Sustainable Network
Infrastructure when designing and deploying sustainable
network infrastructure, such as green data centers and
eco-friendly base stations, can also reduce the carbon
footprint of the telecommunications sector and Carbon
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offsetting, which involves offsetting emissions by
investing in projects that reduce GHG emissions, can also
be employed to reduce the carbon footprint of the
telecommunications sector (Dai et al., 2021; Friedlinstein
et al., 2020).

Tree-Biomass as a Carbon Mitigation Strategy
Tree-biomass refers to the organic matter produced by
trees, including their trunks, branches, leaves, and roots.
Tree-biomass is a renewable energy source that can be
used to produce heat, electricity, and biofuels. Tree-
biomass is defined as the total amount of organic matter
produced by trees, including their above-ground and
below-ground components. The composition of tree-
biomass varies depending on the tree species, age, and
growing conditions (Chabot & Goldstein, 2018).
Generally, tree-biomass is composed of a complex
carbohydrate that provides structure and rigidity to tree
cells, Hemicellulose which is a complex carbohydrate
that provides energy and nutrients to tree cells, Lignin
that is a complex organic compound that provides
strength and rigidity to tree cells and Extractives which is
a group of compounds that include resins, waxes, and oils
(David et al., 2024).

Tree-biomass, derived from sustainably managed forests,
has significant carbon  credit potential  for
telecommunications applications in Nigeria. Tree-
biomass can be used to generate electricity, heat, or
biofuels, providing a low-carbon alternative to fossil
fuels. The carbon credit potential of tree-biomass is based
on the principle of carbon sequestration, where trees
absorb CO2 from the atmosphere during growth, storing
it in biomass and soil. Climate change is one of the most
pressing global challenges of our time, and Nigeria is not
exempt from its impacts. As a signatory to the Paris
Agreement, Nigeria has committed to reducing its
greenhouse gas (GHG) emissions and mitigating the
effects of climate change. One promising strategy for
achieving this goal is the use of tree-biomass as a carbon
mitigation tool (Arora & Melton, 2018).

Carbon Sequestration Potential of Tree-Biomass

Trees absorb carbon dioxide (CO2) from the atmosphere
through photosynthesis, storing it in their biomass and
soil. When tree-biomass is harvested and converted into
energy, the carbon stored in the biomass is released, but
it is considered carbon neutral because it is part of the
natural carbon cycle. Additionally, tree-biomass can be
replanted, allowing for continuous carbon sequestration.
The escalating concentration of carbon dioxide (CO5) in
the atmosphere, primarily driven by human activities,
poses a significant threat to global climate stability
(IPCC, 2021). Because of their substantial capacity to
reduce carbon emissions, trees, an essential part of
terrestrial ecosystems, present promising solutions to
mitigate climate change (Pan et al., 2011). In addition to
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storing carbon in biomass, the photosynthetic CO;
process enables trees to absorb CO> from the atmosphere
and transform it into organic matter like trunks, branches,
leaves, and roots (IPCC, 2021). By reducing atmospheric
CO; levels, this carbon design helps to improve air
quality and mitigate climate change (Chabot &
Goldstein, 2018).

Tree species, age, size, growth rate, and environmental
conditions are some of the variables that greatly affect the
likelihood of carbon sequestration in trees (Sénchez-
Bluemel et al., 2016). Because of their large biomass and
quick growth rates, some tree species—like oak, pine,
and maple—were found to have high carbon
sequestration rates (Bada et al., 2018). According to
Phillips et al. (2008), larger, older trees typically follow
more carbon than smaller, younger ones. The potential
carbon content of hard carbon is also influenced by
environmental factors like climate, soil quality, and water
availability (IPCC, 2021). Compared to more demanding
environments, trees that thrive in favorable conditions
with plenty of sunlight, water, and nutrients tend to
follow more carbon (Sanchez-Bluemel et al., 2016).
Tree-dominated forests contribute significantly to global
carbon sequestration (IPCC, 2021). Particularly well-
known for their massive capacity to store carbon are
tropical rainforests (Pan et al., 2011). However,
significant losses in the forest carbon share were brought
about by design and land use changes, which raised the
amount of CO; in the atmosphere (IPCC, 2021). Trees
offer numerous ecosystem services, such as biological
diversity, soil erosion prevention, and water filtration
preservation, in addition to their function in carbon
bonding (FAO, 2020). We can fully utilize trees' potential
to slow down climate change while also reaping
numerous other ecological and social advantages by
preserving and rehabilitating forests. As a result, trees
can capture carbon dioxide (CO;) and save money.

Tree and Carbon Sequestration

The primary method by which trees absorb CO, from the
atmosphere is photosynthesis. During photosynthesis,
plants create glucose, a simple sugar that serves as the
tree's primary energy source, using sunlight, water, and
COa. The structural elements of tree biomass are formed
by the conversion of the glucose into cellulose,
hemicellulose, and lignin (Taiz & Zeiger, 2010).
Numerous environmental elements, such as temperature,
light intensity, water availability, and nutrition
availability, affect photosynthesis. Different tree species
have different ideal conditions for photosynthesis, and
these conditions may change as a result of evolutionary
adaptations to a given environment (IPCC, 2021).
Despite the fact that respiratory CO, has been
documented, it is also essential for the decomposition of
organic matter, which eventually results in the creation of
new tissue and wood biomass's capacity to store carbon
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(Taiz & Zeiger, 2010). The net floor in the wood is
determined by the equilibrium between respiration and
photosynthesis. The tree looks for carbon when
photosynthesis outpaces respiration. On the other hand,
the tree releases carbon when respiration surpasses
photosynthesis. This balance may be impacted by
elements like the type, age, and environmental conditions
of the construction (IPCC, 2021). Carbon bonds from the
trees are influenced by a number of additional factors
besides photosynthesis. Tree species differ in their ability
to form carbon bonds. According to (Piao et al., 2008),
some species are better at acquiring and storing carbon
than others. Carbon sequestration may be impacted by
forest structures such as tree density, age distribution, and
biodiversity. Although resilient, forests with a wide
variety of species and age groups may deteriorate more
quickly (IPCC, 2021). Tree growth and carbon bonds can
be impacted by climate variables like temperature,
precipitation, and wind patterns. Warm temperatures, for
instance, can boost photosynthesis but also raise the
possibility of forest fires, which can release carbon that
has been stored (IPCC, 2021).

Studies conducted by Friedlingstein et al. (2020), Ciais et
al. (2019), and Ballantyne et al. (2017) according to the
Global Netland-CO; sink, it has grown during the
previous 60 years. According to Friedlingstein et al. (the
1960s), the global netland-CO; sink, which is the
difference between fossil CO2 emissions and
atmospheric CO, growth, was 0.3 + 0.6 pgc yr in the
1960s (2020). Reversal of the atmosphere by Pylin et al.
(2013) It has continuously backed this upward trend in
global net-Land-CO,-senke since the 1980s. Boreal and
medium forests play a significant role in this increase,
with the Northern Hemisphere contributing more than the
Southern Hemisphere (Ciais et al., 2019; Tagesson et al.,
2020).

The network's terrestrial CO2 sinks are mostly controlled
by photosynthesis in the vegetation. Evidence of
increased photosynthesis in vegetation in recent decades
has been presented by (Anav et al. 2015; Mao et al. 2016;
Badgley et al. 2017; Campbell et al. 2017; Cheng et al.
2017 and Zhang et al. 2018). The fertilization effect is
caused by elevated atmospheric CO2 concentrations
(2020 and Walker et al., 2021).

There are significant differences in how climate change
affects the world's Netland-CO2 sink alone; some
dynamic global vegetation models (DGVMs) even
predict the opposite effect (Huntzinger et al., 2017).
Global net-land CO2 sinks have increased in recent
decades due to a decrease in global combustion areas,
which has decreased CO2 fire emissions and improved
vegetation carbon records (Arora and Melton 2018 and
Yin et al., 2020). Satellite observations have revealed a
global decline in combustion regions of about 20% over
the past 20 years (Andela et al., 2017; and Forkel et al.,
2019), especially in regions like North Africa and
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Mediterranean Europe (Turco et al., 2016; Forkel et al.,
2019 and Bowman et al., 2020). The Amazon basin and
Australia experienced record-breaking fires in 2019 and
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2020 (Boer et al., 2020) and the long-term impact of
these events on burned area trends remains to be assessed
are both human-induced as shown in Figure 1.
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Figure 1: Closed Loop of Forest Carbon. Source: Carbon and Forests (ct.gov)

Global forest Carbon Sequestration Potentials

The carbon sequestration potential of an ecosystem is
measured by its ability to increase net carbon
sequestration beyond baseline levels through natural or
human-induced factors (Wang et al., 2017). Different
tree species exhibit varying carbon sequestration
potentials, making their selection crucial for effective
carbon sequestration projects and optimized forest
management (Wang et al., 2017). By lowering the
buildup of greenhouse gases in the atmosphere, trees
contribute significantly to the reduction of global
warming (Hisano et al., 2018). In China's south, In the
1980s, the country's forests absorbed over 65% of its
CO2 emissions, surpassing northern China's absorption
rates (Chen et al., 2020). Understanding the forest
ecosystems' function in the carbon cycle, data on forest
management choices, and quantification of their
influence on global warming are all necessary for an
accurate evaluation of their capacity to sequester carbon
(Dai et al., 2021: Ishaq et al., 2014).

According to satellite observations, between 2001 and
2019, carbon dioxide (CO2) and 8.1+2.5 GTCOZ2E Yra 1l
were caused by satellites and other forest disorders

(Hariss et al., 2021). Forest fires, drained organic soil,
and methane (CH4) and laughter gas (N20) sustain
around 1.1% (0.088 GTCOZ2E YRA 1) of total emissions.
The total carbon loss in the Wald ecosystem during this
time was 15.6 + 49 GTCOZ2E YR 1. The global net gas
forest is 7.6 £ 49 GTCOZ2E YR 1 when comparing rivers
of total emissions and total denials (Hariss et al., 2021).
With 78% of total emissions (6.3x2.4 GTCO2EYRAl)
and 55% of total removal (55% of GTCO2E YR
8.6+7.6+7.6 of GTCO2E YR), tropical and subtropical
forests make up the majority of global flows (Hariss et
al., 2021). Although only 30% of the netfloors in medium
subtropical forests had sinks, they extracted more carbon
dioxide from the atmosphere (8.6 vs. 4.4 and 2.5
GTCOZ2E YR). Medium-sized forests were home to 47%
of the world's nets and North Sea forests (21%),
particularly because their overall emissions are
substantially lower than those of subtropical and tropical
forests (0.87 and 0.88) (Hariss et al., 2021). Global forest
related Green House Gas Fluxes by Climate Domain and
Forest Type effect on the environment as shown in Figure
2.

Natural forests capture CO.; deforestation releases CO.

T

Cantire carbon In vepetation and soll \ | O
. AR

ok | "%

ROWING FORESTS
@ and accumulate

| =T

carbon slowly ovear c

Figure 2: Effect of Deforestation on the Environment

40

NJP VOLUME 34(1)

njp.nipngn.ng



NIGERIAN JOURNAL OF PHYSICS

A Review of Carbon Credit Potentials...

The capacity of a tree to sequester carbon can also be
influenced by its age, size and growth type. Generally
speaking, older trees have more biomass and store more
carbon than younger ones. Furthermore, because of their
thicker trunks and larger root systems, large trees are able
to absorb more carbon than small trees (IPCC, 2021). The
type of development of the tree can also affect its
capacity to store carbon. Tall, thin trees, including those
that are contaminated, have a higher leaf surface index
and can absorb more CO-CO2 from the atmosphere.
Figure 3 shows how tree’s reduce the amount of carbon
dioxde in the atmosphere.

Several techniques were used to estimate the potential for
carbon sequestration (Kamalu et al. 2024). Average ratios
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(MRM) are used to estimate the carbon stock in this area
(Turner et al., 1995). Determining the ratio of forest
volume to biomass is thought to be a fairly accurate
method of evaluating the carbon stock of biomass
expansion coefficient (BEF) (Sun & Liu 2019).
Allometric equations were more accurate for the
aforementioned estimation of ground biomass levels
(Agbelade and Lawal 2021; Agbelade and Adeagbo
2020; Adekunle et al., 2013). LiDAR, satellite imagery,
and aerial photography are remote sensing methods used
to evaluate the possibility of carbon sequestration (Dossa
and Miassi, 2024).

HOW TREES REDUCE THE AMOUT OF
CARBON DIOXIDE PRESENT IN THE AIR

CARBON DIOXIDE FROM
NATURAL SOURCES,
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Figure 3: How trees reduce the amount of carbon dioxide in the air.
(Source: http://Kingcounty.gov/services/environment/stewardship/one-million-trees/why.aspx)

Resources from Biomass Plants, animals, lifestyle, and
industrial waste that can be converted into energy for
beneficial uses are all considered biomass. These
resources come in a variety of forms, including forest
facilities and residues, production waste, animal feces
and waste, agricultural plants and residues, and more
(Ojo et al., 2020; Mohammed et al., 2013). Biomass is
regarded as the most prevalent and sustainable revival in
the world in terms of sustainability. Every day, plants use
sunlight to grow through a process called photosynthesis,
and animals eat plants and other materials that provide a
steady supply of biomass. This is thought to be roughly
five times the amount of energy that the world needs.
Worldwide, biomass is growing, if not very effectively.
According to reports, it supplies about 14% of the world's
energy, with developing nations accounting for about
38% of total consumption in the Rural areas above all
(Sertolli et al. 2022). Nigeria is essential to sustainable
rural development and offers a multitude of biomass
tours. Since it is accessible in these areas. According to
estimates, domestic biomass can provide about 9.1x1012
MJ of energy per year (Sambo, 2009). About 2.18 x 106
MJ of the raw energy comes from dried grasses and
shrubs (Ozoegwu et al., 2017). Every year, about 43.4
million tons of fuel wood are used for home heating and
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other uses (Oyedepo, 2012). Charcoal and fire are
primarily utilized by rural regions and the majority of city
dwellers who have low incomes for cooking. An
enormous amount of energy is wasted because the
majority of this use is a conventional oven with an
efficiency of less than 10%. By increasing conversion
efficiency by over 20%, improved cooking stoves can
mitigate some of the negative effects of burning biomass,
including particle pollution and excessive smoke (Obada
etal., 2014, 2016, 2022).

Biomass Technology Different types of biomass can be
transformed into fuels that are simple to use, process,
store, or transport, or into electricity or other useful
energy. The need to slow down the rate of global
warming is the main factor driving the use of biomass for
energy generation because, its carbon emissions or nets
are low. The development of domestic autonomous
energy generation was another factor contributing to the
increased introduction of energy derived from biomass
(Mohammed et al., 2017). Many rural areas of Nigeria
typically contain plant biomass, such as waste, residues,
and other shapes, which can be used in medium-sized
power plants to generate electricity for these
communities. Utilizing biomass for energy eliminates the
need to store agricultural waste, frees up the nation for
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waste, and lowers the likelihood of an incalculable
methane release into the atmosphere. Many of the
conversion technologies needed for biomass conversion
are still in the early stages of development. But a lot of
them are already mature and already in use for producing
energy efficiently. There are two main categories into
which available biomass conversion methods can be
separated. Thermochemical conversion methods for dry
biomass and biochemical conversion methods like
anaerobic digestion, which work better for wet biomass
(Obada et al., 2023; Adams et al., 2018). Combustion,
pyrolysis, and gasification are frequently used
thermochemical processes. Biomass is either utilized
alone or in conjunction with another fossil fuel power
source material in conventional biomass power plants.
To run its operations and equipment, the Nigerian
telecom industry currently depends on fossil fuels like
diesel (Amole et al., 2023; Tebepa, 2015). Carbon
emissions from this activity have the potential to harm
the environment (Ayompe et al., 2021). Climate change,
biological diversity loss, rising sea levels, and worsened
air quality are some adverse effects (Roy et al., 2023;
Steiner, 2019; David et al. 2024).

Nigeria's Biomass Resources

Nigeria has various biomass resources, including:

i. Forest Reserves: Covering about 10% of the
country's land mass, with 36 states having forest
reserves.

ii. Forest Plantations: Found in 13 states, with species
like Gmelina arborea, Tectona grandis, Eucalyptus
spp, Acacia spp, and Neem.

iii. Agricultural Residues:  Significant amounts
generated from crops like cassava, maize, oil palm,
plantain, rice, and sorghum (Akinbowale et al.,
2022; Ukoba et al., 2024).

Nigeria has significant tree-biomass potential, with

various sources contributing to its overall energy mix.
Forest Reserves and Plantations cover about 10% of the
country's total land mass, with 36 states having forest
reserves and 13 having forest plantations. In terms of
specific biomass resources, wood and woody biomass are
substantial contributors. Nigeria's forest products
industry generates various products, including wood
pulp, wood fuel, wood charcoal, paperboard, and
particleboard, with annual production rates ranging from
10,000 to 100,000 metric tons. The energy potential of
these resources is notable. For instance, the total energy
derivable from forest residues in Nigeria is estimated to
be around 8.3 petajoules (PJ). Additionally, the country's
agricultural sector generates significant amounts of
agricultural residues, such as cassava, maize, oil palm,
plantain, rice, and sorghum, which can be utilized for
energy production (Ojekunle et al., 2023; Yohannes &
Sewnet, 2024).
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Nigeria's biomass resources and their estimated energy
potentials are presented as:
i.  Agricultural Residues: 1.09 exajoules (EJ)
ii.  Animal Wastes: 0.65 EJ
iii.  Municipal Solid Waste: 0.11 EJ
iv.  Forest Residues: 0.05 EJ
v.  Wood Fuel: 0.38 EJ
vi.  Charcoal: 0.05 EJ
Overall, Nigeria's tree-biomass potential is substantial,
with various resources available for energy production.
Harnessing these resources can contribute significantly to
the country's energy mix and help mitigate
climate change. Nigeria has a total of 36 states with forest
reserves and 13 states with forest plantations, covering
about 10% of the country's total land mass.
Unfortunately, the specific states with forest reserves and
plantations are not explicitly listed in the available data
which can provide one with some comprehensive
statistics on Nigeria's forest and plantation cover (Simeon
etal., 2020)
Nigeria has Forest Reserves with a total area of
approximately 10,762,702 hectares that is Located in the
36 states across the country with some types of the forests
as; Post-extraction secondary forests with 10,508,429
hectares: Swidden fallow secondary forests with land
area of 7,570,700 hectares: Rehabilitated secondary
forests with a land area of 793 hectares: Post-
abandonment secondary forests with 42,268 hectares and
Post-fire secondary forests with an un-estimated land
area. While the Forest Plantations in Nigeria cover a total
land area of approximately 216,072 hectares which is
located in 13 states across the country. Again, there are
various species found in Nigeria, they are;
i. Gmelina arborea
ii. Tectona grandis
iii. Eucalyptus spp
iv. Acacia spp
v. Neem
vi. Indigenous tree species
The Land Use Categories on the other hand cover a total
agricultural land area of 78.5 million hectares, the Arable
cropland are 28.2 million hectares, Permanent cropland
are 2.5 million hectares, Pasture land is 28.3 million
hectares, Forest and woodland is about 10 million
hectares, the Fadama is 2 million hectares and other land
occupying 7.5 million hectares. Nigeria's tree-biomass
potential varies across its 36 states. While | couldn't find
a comprehensive breakdown of each state's potential, |
can provide some insights into the country's overall
biomass resources and highlight a few states with notable
forest reserves and plantations. States with Notable
Forest Reserves and Plantations Some states with notable
forest reserves and plantations include (FAO, 2020):
i. Oyo State: Has significant forest reserves, with the
Oyo State Forest Reserve covering an area of
approximately 20,000 hectares.

njp.nipngn.ng



NIGERIAN JOURNAL OF PHYSICS

A Review of Carbon Credit Potentials...

ii. Ogun State: Has several forest reserves, including
the Ogun State Forest Reserve, which covers around
15,000 hectares.

iii. Cross River State: Known for its dense forests, with
the Cross River National Park covering an area of
approximately 4,000 square kilometers.

iv. Taraba State: Has significant forest reserves,
including the Taraba State Forest Reserve, which
covers around 10,000 hectares (Davidson, 2023).

Tree-Biomass Potential by State

Nigeria, with its vast land area and favorable climate, has
significant potential for tree-biomass production. The
country has a total forest area of approximately 9.6
million hectares, with a significant portion of this area
suitable for tree-biomass production. Also, she has
several plantation resources, including eucalyptus, pine,
and teak plantations, which can be used for tree-biomass
production. Nigeria generates significant amounts of
agricultural residues, such as corn stalks, sugarcane
bagasse, and rice husks, which can be used for tree-
biomass production (Friedlingstein et al., 2020: Forkel et
al., 2019).

The tree-biomass potential in Nigeria by state and further
broken down into geopolitical zones are looked at from
the North-Central States (Geopolitical Zone) which have
Benue State with 143,000 hectares of forest reserves,
with significant agricultural residues from crops like
cassava and maize. Kogi State with 120,000 hectares of
forest reserves, with notable agricultural residues from
crops like maize and soybeans. Kwara State has 100,000
hectares of forest reserves, with significant agricultural
residues from crops like cassava and maize. Nasarawa
State has 80,000 hectares of forest reserves, with notable
agricultural residues from crops like maize and soybeans.
Niger State has 150,000 hectares of forest reserves, with
significant agricultural residues from crops like maize
and soybeans and Plateau State with 120,000 hectares of
forest reserves, with notable agricultural residues from
crops like potatoes and maize (Friedlingstein et al., 2020;
Forkel et al., 2019).

The North-Eastern States or North-East geopolitical zone
has Adamawa State with 100,000 hectares of forest
reserves, with significant agricultural residues from crops
like maize and soybeans. Bauchi State with 80,000
hectares of forest reserves, with notable agricultural
residues from crops like maize and soybeans. Borno State
has 60,000 hectares of forest reserves, with significant
agricultural residues from crops like maize and soybeans.
Gombe State has 40,000 hectares of forest reserves, with
notable agricultural residues from crops like maize and
soybeans. Taraba State has 150,000 hectares of forest
reserves, with significant agricultural residues from crops
like maize and soybeans and Yobe State with 50,000
hectares of forest reserves, with notable agricultural
residues from crops like maize and soybeans.
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North-Western States or the north —~Western Geopolitical
zone houses Jigawa State with 40,000 hectares of forest
reserves, with significant agricultural residues from crops
like maize and soybeans. Kaduna State with 100,000
hectares of forest reserves, with notable agricultural
residues from crops like maize and soybeans. Kano State
with 60,000 hectares of forest reserves, with significant
agricultural residues from crops like maize and soybeans.
Katsina State has 50,000 hectares of forest reserves, with
notable agricultural residues from crops like maize and
soybeans. Kebbi State with 30,000 hectares of forest
reserves, with significant agricultural residues from crops
like maize and soybeans. Sokoto State with 40,000
hectares of forest reserves, with notable agricultural
residues from crops like maize and soybeans. Zamfara
State with 20,000 hectares of forest reserves, with
significant agricultural residues from crops like maize
and soybeans.

South-Eastern States form the geopolitical zone that has
Abia State with 20,000 hectares of forest reserves, with
notable agricultural residues from crops like cassava and
maize. Anambra State has 15,000 hectares of forest
reserves, with significant agricultural residues from crops
like cassava and maize. Ebonyi State with 10,000
hectares of forest reserves, with notable agricultural
residues from crops like cassava and maize. Enugu State
with 20,000 hectares of forest reserves, with significant
agricultural residues from crops like cassava and maize.
Imo State with 15,000 hectares of forest reserves, with
notable agricultural residues from crops like cassava and
maize. While the South-South States or geopolitical zone
houses Akwa Ibom State with 30,000 hectares of forest
reserves, with significant agricultural residues from crops
like cassava and maize. Bayelsa State has 20,000 hectares
of forest reserves, with notable agricultural residues from
crops like cassava and maize. Cross River State: with
150,000 hectares of forest reserves, with significant
agricultural residues from crops like cassava and maize.
Delta State has 25,000 hectares of forest reserves, with
notable agricultural residues from crops like cassava and
maize and Edo State has 20,000 hectares of forest
reserves, with significant agricultural residues from crops
like cassava and maize. From the statistics presented
above from the six geopolitical zones, one can see the
great potential of Biomass that Nigeria has in store.

Benefits of Tree-Biomass

Tree-biomass offers several benefits, including:
Renewable Energy Source because tree-biomass is a
renewable energy source that can be replenished
naturally. Carbon Sequestration means that tree-biomass
absorbs carbon dioxide (CO2) from the atmosphere
during growth, storing it in biomass and soil. Also, it
offers Job Creation and Employment through the
production and processing of tree-biomass which creates
jobs and employment opportunities in rural areas.
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Furthermore, Tree-Biomass gives Improved Energy
Security since tree-biomass can provide energy security
by reducing reliance on imported fossil fuels and
promoting energy  self-sufficiency and  Waste
Management such that Tree-biomass can help manage
waste by utilizing waste wood and other organic
materials that would otherwise be discarded.

Tree-biomass is a renewable energy source that can
reduce Nigeria's dependence on fossil fuels and lower
greenhouse gas emissions. The production and
processing of tree-biomass can create jobs and
employment opportunities in rural areas. More so, tree-
biomass can provide energy security by reducing reliance
on imported fossil fuels and promoting energy self-
sufficiency. And tree-biomass can further help manage
waste by utilizing waste wood and other organic
materials that would otherwise be discarded.

There are so many opportunities for Tree-Biomass
Development in Nigeria through Government support,
the Nigerian government has shown support for the
development of the tree-biomass industry through
policies and initiatives. The Private sector investment in
the tree-biomass industry can provide the necessary
funding and expertise for its development and then
International cooperation and partnerships can provide
access to new technologies, markets, and funding
opportunities for the tree-biomass industry.

Production Processes of Tree-Biomass

The production of tree-biomass involves four processes,
including: Tree Planting and Cultivation where trees are
planted and cultivated in plantations or natural forests:
Harvesting where trees are harvested at maturity,
typically after 5-10 years: Processing where harvested
trees are processed into various products, including wood
chips, pellets, and biofuels and Conversion where tree-
biomass is converted into energy through various
technologies, including combustion, gasification, and
anaerobic digestion. While the production processes of
tree-biomass include:

Harvesting Tree-biomass production begins with
harvesting, which involves cutting and collecting trees
from forests or plantations. Harvesting can be done
manually or mechanically, depending on the scale and
type of operation. After harvesting, the trees are
processed into various forms of biomass, including,
Wood Chips where the trees are chipped into small pieces
to increase their surface area and facilitate drying, the
trees are sawn into lumber, and the sawdust is collected
as a biomass product, Wood chips or sawdust are
compressed into dense pellets, which can be used as fuel
and finally the Biomass materials are compressed into
briquettes, which can be used as fuel.

Drying is an essential step in tree-biomass production, as
it reduces the moisture content of the biomass and makes
it more suitable for energy production. Drying can be
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done using various methods, including: Air Drying where
the Biomass is dried using natural air circulation, then the
Biomass is dried using machines that blow hot air and
then Solar Drying where the Biomass is dried using solar
energy. After drying, the tree-biomass is stored in a dry
and secure location to maintain its quality. Storage
facilities can include: Warehouses, Silos and Outdoor
Storage.

Tree-biomass is transported from the production site to
the point of use, which can include: Trucks where the
Biomass is transported using trucks, which can be
equipped with cranes or other loading equipment, Trains:
Biomass is transported using trains, which can be more
efficient for long-distance transportation or the Biomass
is transported using barges, which can be used for
transportation over water.

Tree-biomass can be converted into various energy
products of heat, electricity and Biofuels. The production
processes of tree-biomass involve several steps, from
harvesting and processing to drying, storage,
transportation, and conversion. Each step is critical to
ensuring the quality and efficiency of the
biomass product.

Applications of Tree-Biomass

Tree-biomass has several applications, including:

Heat and Electricity Generation where tree-biomass can
be used to generate heat and electricity in power plants,
industrial processes, and residential heating systems.
Biofuels Production: Tree-biomass can be converted into
biofuels, including ethanol and biodiesel. Chemicals and
Materials Production: Tree-biomass can be used to
produce various chemicals and materials, including
paper, pulp, and bio-plastics. Soil Erosion Control: Tree-
biomass can be used to control soil erosion and promote
soil conservation. There are various applications of Tree-
biomass across different industries like Heat and Power
Generation when the tree-biomass can be burned to
produce heat, which can be used for space heating,
industrial processes, or to generate electricity. There is
also Biofuels where the tree-biomass can be converted
into biofuels, such as ethanol, biodiesel, or biogas, which
can be used to power vehicles or generate electricity.
More so, we have Chemicals and Materials where the
tree-biomass can be used to produce various chemicals
and materials, such as paper, pulp, bioplastics, and
biochemicals. Furthermore, tree-biomass can be used to
control soil erosion and promote soil conservation by
planting trees and other vegetation. Again, tree-biomass
can absorb carbon dioxide from the atmosphere, making
it a valuable tool for carbon sequestration and climate
change mitigation. Animal Feed where the tree-biomass
can be used as animal feed, particularly for ruminant
animals like cattle and goats. Tree-biomass can be
composted and used as organic fertilizer in agriculture
together with Landscaping and Horticulture where the
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tree-biomass can be used in landscaping and horticulture,
such as mulch, compost, or biochar. Tree-biomass can
also be used to filter water, particularly in rural areas
where access to clean water is limited and it can be used
to produce building materials, such as engineered wood
products, like plywood and medium-density fiberboard
(MDF).

Industrial Applications

Tree-biomass is used to produce pulp and paper products,
such as packaging materials, tissue paper, and printing
paper, it can also be used to produce textiles, such as
rayon, lyocell, and modal fibers. More so, tree-biomass
can be used as a source of energy, particularly in the
production of food and beverages, and it can be used to
produce various pharmaceutical products, such as
medicines and supplements.

Energy Applications

Tree-biomass can be used to generate -electricity,
particularly in rural areas where access to grid electricity
is limited. Tree-biomass can be used to produce heat,
particularly for space heating and industrial processes
and also be converted into biofuels, such as ethanol and
biodiesel, which can be used to power vehicles.
Therefore, tree-biomass has a wide range of applications
across different industries, including energy, chemicals,
materials, and pharmaceuticals.
Harnessing Tree-Biomass for Use in
Telecommunications in Nigeria

Nigeria's telecommunications sector has experienced
rapid growth in recent years, with the number of mobile
subscribers increasing from 39 million in 2008 to over
180 million in 2020. However, this growth has been
accompanied by a significant increase in energy
consumption, primarily due to the high energy
requirements of telecommunications infrastructure. This
paper discusses the potential for harnessing tree-biomass
as a sustainable energy source for telecommunications in
Nigeria. The  benefits of tree-biomass for
telecommunications are numerous and can be
summarized as follows (Abubakar et al., 2023; Ajewole
etal., 2018).

Renewable Energy Source: Tree-biomass is a renewable
energy source that can reduce dependence on fossil fuels
and lower greenhouse gas emissions. Energy Security:
Tree-biomass can provide energy security by reducing
reliance on imported fossil fuels and promoting energy
self-sufficiency. Reduced Carbon Footprint: Tree-
biomass can help telecommunications companies reduce
their carbon footprint and meet their sustainability goals.
Cost Savings: Tree-biomass can provide cost savings by
reducing energy costs and minimizing the impact of fuel
price volatility. Improved Network Reliability: Tree-
biomass can improve network reliability by providing a
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stable and consistent source of energy. Job Creation: The
production and processing of tree-biomass can create
jobs and employment opportunities in rural areas. Waste
Management: Tree-biomass can help manage waste by
utilizing waste wood and other organic materials that
would otherwise be discarded. Diversified Energy Mix:
Tree-biomass can contribute to a diversified energy mix,
reducing dependence on a single energy source.
Enhanced Energy Independence: Tree-biomass can
enhance energy independence by providing a local source
of energy. Also, tree-biomass supports sustainable
development by promoting the use of renewable energy
sources and reducing greenhouse gas emissions.
Enhanced Brand Reputation: Telecommunications
companies that adopt tree-biomass can enhance their
brand reputation by demonstrating their commitment to
sustainability. Compliance with Regulations: Tree-
biomass can help telecommunications companies comply
with regulations and meet their sustainability goals and
Increased Energy Independence: Tree-biomass can
enhance energy independence by providing a local source
of energy (Ani & Nzea, 2008: Forkel et al., 2019)

Benefits for Rural Communities

Job Creation: The production and processing of tree-
biomass can create jobs and employment opportunities in
rural areas. Improved Energy Access: Tree-biomass can
provide energy access to rural communities, promoting
economic development and improving living standards.
Enhanced Energy Security by providing a local source of
energy and reducing reliance on imported fossil fuels. It
can also support sustainable development by promoting
the use of renewable energy sources and reducing
greenhouse gas emissions. As such, we can say that tree-
biomass offers numerous benefits for
telecommunications, including renewable energy, energy
security, cost savings, and job  creation.
Telecommunications companies, rural communities, and
the environment can all benefit from the adoption of tree-
biomass.

Technologies for Harnessing Tree-Biomass (Davidson,
2023; Obada et al., 2024)

Combustion Technology: Combustion technology
involves burning tree-biomass to produce heat or
electricity. This technology is widely used in power
plants, industrial processes, and residential heating
systems.

Gasification Technology: Gasification technology
involves converting tree-biomass into a synthesis gas
(syngas), which can be used to produce electricity, heat,
or biofuels.

Anaerobic Digestion Technology: Anaerobic digestion
technology involves breaking down tree-biomass in the
absence of oxygen to produce biogas, which can be used
to produce electricity, heat, or biofuels.
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Pyrolysis Technology: Pyrolysis technology involves
heating tree-biomass in the absence of oxygen to produce
bio-oil, biochar, and syngas.

Pelletization Technology: Pelletization technology
involves compressing tree-biomass into dense pellets,
which can be used as fuel for power plants, industrial
processes, and residential heating systems.

Torrefaction Technology: Torrefaction technology
involves heating tree-biomass in the absence of oxygen
to produce a high-energy-density fuel that can be used in
power plants and industrial processes.

Biochemical Conversion Technology: Biochemical
conversion technology involves using microorganisms to
convert tree-biomass into biofuels, such as ethanol and
butanol.

Thermochemical Conversion Technology:
Thermochemical conversion technology involves using
heat and chemicals to convert tree-biomass into biofuels,
such as bio-oil and syngas (Adams et al., 2018).

Challenges of Tree-Biomass Technologies

High Upfront Costs: Tree-biomass technologies require
significant upfront investments in equipment and
infrastructure. Tree-biomass technologies have varying
energy efficiency rates, which can affect their overall
performance. Feedstock Quality: The quality of tree-
biomass feedstock can affect the performance and
efficiency of tree-biomass technologies. Scalability:
Tree-biomass technologies need to be scalable to meet
the demands of large-scale energy production.

Case Studies

MTN Nigeria: MTN Nigeria has launched a biomass-
powered base station in Kaduna State, which uses
biomass pellets to generate electricity. Also, Airtel
Nigeria: Airtel Nigeria has launched a solar-powered
base station in Lagos State, which uses solar panels to
generate electricity and reduce dependence on fossil fuels
(Oliveira et al., 2012).

Challenges of Tree-Biomass Potentials in Nigeria

i. Land Availability: Tree-biomass production
requires large areas of land, which can compete
with food production and conservation efforts.

ii. Infrastructure: Nigeria's infrastructure for tree-
biomass production, processing, and transportation
is underdeveloped, making it difficult to harness the
potential of tree-biomass.

iili. Technology: The technology for converting tree-
biomass into energy is still developing, and the cost
of investment is high.

iv. Policy and Regulation: The policy and regulatory
framework for tree-biomass development in Nigeria
is still evolving and needs to be strengthened.
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v. Public Awareness: There is a need to raise public
awareness about the benefits of tree-biomass and its
potential to contribute to Nigeria's energy mix.

vi. Financing: Access to financing is a major challenge
for tree-biomass development in  Nigeria,
particularly for small-scale producers.

vii. Competition with Food Production: Tree-biomass
production may compete with food production for
land, water, and other resources.

Strategies to Overcome Challenges and Harness

Opportunities

i. Develop a National Tree-Biomass Policy: A
national policy should be developed to provide a
framework for the development of the tree-biomass
industry.

ii. Invest in Infrastructure: Significant investments
should be made in infrastructure, including
transportation networks, storage facilities, and
processing plants.

iii. Promote Public Awareness: Public awareness
campaigns should be launched to promote the
benefits of tree-biomass and encourage its adoption.

iv. Provide Access to Financing: Access to financing
should be provided to small-scale producers and
entrepreneurs to support the development of the
tree-biomass industry.

v. Develop Local Capacity: Local capacity should be
developed to support the development of the tree-
biomass industry, including training and capacity-
building programs.

vi. Encourage Private Sector Investment: Private sector
investment should be encouraged to support the
development of the tree-biomass industry.

vii. Foster International Cooperation: International

cooperation should be fostered to access new

technologies, markets, and funding opportunities.

Provide Incentives for Investment: The government

should provide incentives, such as tax breaks and

subsidies, to encourage investment in the tree-
biomass industry.

ix. Develop Efficient and Cost-Effective
Technologies: Research and development should
focus on improving the efficiency and cost-
effectiveness ~ of  tree-biomass  conversion
technologies.

viii.

Future Directions of Tree-Biomass Technologies

i. Research and Development: Continued research
and development are needed to improve the
efficiency and cost-effectiveness of tree-biomass
technologies.

ii. Scaling Up: Tree-biomass technologies need to be
scaled up to meet the demands of large-scale energy
production.
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iii. Integration with Other Technologies: Tree-biomass
technologies can be integrated with other
technologies, such as solar and wind power, to
create hybrid energy systems.

iv. Policy and Regulation: Supportive policies and
regulations are needed to encourage the adoption of
tree-biomass technologies.

CONCLUSION

Harnessing tree-biomass for use in telecommunications
in Nigeria offers several benefits, including renewable
energy, energy security, job creation, and waste
management. While there are challenges to be addressed,
the opportunities presented by tree-biomass make it an
attractive option for reducing greenhouse gas emissions
and promoting sustainable development in Nigeria. In
conclusion, Nigeria has significant potential for tree-
biomass production, with benefits including renewable
energy, job creation, and improved energy security.
However, challenges such as land availability,
technology and infrastructure, and policy and regulation
must be addressed to realize this potential.

RECOMMENDATIONS

Some of the recommendations will include:

Develop a National Tree-Biomass Policy: A national
policy should be developed to provide a framework for
the development of the tree-biomass industry.

Invest in Technology and Infrastructure: Significant
investments should be made in technology and
infrastructure to improve the efficiency and cost-
effectiveness of tree-hiomass production and processing.
Promote Public Awareness and Education: Public
awareness and education campaigns should be launched
to promote the benefits of tree-biomass and encourage its
adoption.

Encourage Private Sector Investment: Private sector
investment in the tree-biomass industry should be
encouraged through incentives and supportive policies.
Develop Sustainable Forest Management Practices:
Sustainable Forest management practices should be
developed and implemented to ensure the long-term
sustainability of tree-biomass production.
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