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ABSTRACT

This article provides a comprehensive review of the potential of ethanol as a
renewable energy source for powering telecommunications devices in Benue
State, Nigeria. With the increasing demand for reliable and sustainable energy
solutions to support telecommunications infrastructure, especially in remote and
off-grid areas, ethanol emerges as a viable alternative to conventional fossil fuels.
The study explores the production, availability, and economic viability of ethanol
in Benue State, highlighting its environmental benefits and potential to reduce
carbon emissions. Furthermore, the article examines the technical feasibility of
integrating ethanol-powered generators into telecommunications systems,
addressing challenges such as feedstock availability, production costs, and
scalability. The findings suggest that ethanol, derived from abundant agricultural
resources in the region, can significantly enhance energy access and sustainability
for telecommunications networks, contributing to socio-economic development
and environmental conservation. It was recommended amongst others that the
government should encourage public and private sector investment in ethanol

Keywords: production facilities to ensure a steady and reliable supply of ethanol for energy

Benue State, generation, Support research initiatives to improve ethanol production efficiency,

Devices, reduce costs, and develop technologies tailored for ethanol-powered

Ethanol, telecommunications devices and Develop and implement policies that promote

Powering the use of renewable energy sources, including ethanol, in the telecommunications
Telecommunications, sector. This could include incentives for companies adopting ethanol-powered

Renewable Energy. systems.

INTRODUCTION from their vehicles. Emission reduction from the
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Telecommunications play a critical role in socio-
economic development, particularly in regions like
Benue State, Nigeria, where access to reliable electricity
is limited. The reliance on fossil fuels and grid electricity
for powering telecommunications infrastructure is
unsustainable due to environmental concerns, high costs,
and frequent power outages. Renewable energy sources,
such as ethanol, offer a viable alternative to address these
challenges.

Alternative fuels were used to overcome fossil fuels that
are continually decreasing and prices that are
continuously increasing all over the world (Agency,
2013). The automotive industry has attempted to devote
all its resources with the aim of achieving the
requirements of standard emission reductions derived
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combustion engine is focused to reduce environmental
problems and air pollutions (Tamilselvan et al., 2017). In
this aspect, the use of sustainable fuel alternatives such
as alcohol, natural gas and biodiesel is the best way to
reduce NOx, CO, HC, CO2 emissions (Thakur et al.,
2017; Yan et al., 2017a). Some researchers have
suggested alternative fuels such as alcohol and biodiesel
in recent studies as the main keys to reduce greenhouse
gases and harmful pollutants from the combustion
chamber (Bhasker and Porpatham, 2017; Chen et al.,
2018a; Ghadikolaei et al., 2018; Li et al., 2018a,b,c,d;
Moula et al.,, 2017; Sathiyamoorthi et al., 2019).
Alternative fuels were widely used in SI and internal
combustion engines to overcome fossil fuel declines and
rising natural gas prices. Alcohol fuel, biodiesel and
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natural gas are alternative fuels that are very promising
as a substitute for fossil fuels that have attracted users’
interest because they are easily stored and very easy to
handle (Chen et al., 2018a; Hoseinpour et al., 2018;
Jamuwa et al., 2016; Yusri et al., 2017; Zaharin et al.,
2017). SI can be operated by using various mixtures of
alcohol fuels with multiple ratios, both through
modification and without modification to the engine
(Deng et al., 2018; Dogan et al., 2017; Ghadikolaei,
2016; Li et al., 2018b; Liu et al., 2016). In the blended
mode, the alcohol fuel is mixed first with gasoline before
being injected into the cylinder (Elfasakhany, 2018;
Todice et al., 2018, 2016; Mourad and Mahmoud, 2018;
Zhang and Sarathy, 2016). Blended stability with
additive fuel is very necessary. The long carbon chain
and also the normal HLB (Hydrophile—Lipophile
Balance) of 1.6 to 6 contained in fatty alcohols are
emulsifiers and co-solvents. The SI engine needs a little
modification such as addition of separate fuel tank, fuel
injector, low pressure components, the channel and the
control system (Chen et al., 2018c; Najafi et al., 2016;
Wu et al., 2016; Yilmaz and Tastan, 2018; Yusri et al.,
2018). However, in this case, there is no need to use fuel
additives because the engine can directly use alcohol fuel
at all load conditions and speed (Awad et al., 2017; Bae
and Kim, 2017; Jiaqiang et al., 2017; Noor et al., 2018;
Sathiyamoorthi and Sankaranarayanan, 2017).

Ethanol as a Renewable Energy Source

Alcohol

Alcohol, particularly ethanol and methanol, have been
extensively studied as an alternative fuel due to its ability
to blend seamlessly with gasoline. Alcohol is a renewable
energy source with oxygenated properties that help
reduce emissions from combustion engines (Schifter et
al., 2017; Yerrennagoudaru et al., 2018b). Table 1
compares the properties of alcohol and gasoline. Alcohol
has a higher density than gasoline, but gasoline has a
higher octane number as the carbon content increases.
The latent heat of evaporation and carbon content in
alcohols are critical factors in engine combustion.
Ethanol and methanol are preferred over other alcohols
due to their lower emissions and cost-effectiveness
(Benajes et al., 2018; Pham et al., 2017; Ramasamy et al.,
2017). Recent studies have shown that ethanol-methanol
blends significantly reduce emissions under full load
conditions due to their lower carbon content (Barrientos
et al., 2016; Li et al., 2018b). Additionally, ethanol-
methanol-propanol blends have been found to reduce HC
and CO emissions, as alcohol fuels can tolerate higher
exhaust-gas recirculation (EGR) ratios (Liu et al., 2018b;
Polat, 2016; Yusri et al., 2016).

Ethanol Fuel Basics
Ethanol is a renewable fuel derived from plant materials,
collectively referred to as biomass. Over 98% of gasoline
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in the U.S. contains ethanol, which is used to oxygenate
the fuel. Most gasoline contains E10 (10% ethanol, 90%
gasoline), which helps reduce air pollution. Ethanol is
also available as E85 (or flex fuel), which can be used in
flexible fuel vehicles designed to operate on any blend of
gasoline and ethanol up to 83%. Another blend, E15, is
approved for use in vehicles manufactured after 2001.
The production of ethanol involves steps as (USDE,
2025): (i) Biomass feedstocks are grown, harvested, and
transported to ethanol production facilities, (ii) The
feedstocks are converted into ethanol, which is then
transported to fuel terminals or end-users via rail, truck,
or barge, (iii)) E10 is typically sourced from fuel
terminals, while E85 can be sourced directly from
production facilities or terminals, and (iv) El5 is
available at fuel terminals or through blender pumps that
mix E10 and ES85.

Fuel Properties

Ethanol (CH3CH20H) is a clear, colorless liquid also
known as ethyl alcohol or grain alcohol. It has the same
chemical formula regardless of whether it is produced
from starch-based feedstocks like corn or sugar-based
feedstocks like sugarcane. Ethanol has a higher octane
number than gasoline, which helps prevent engine
knocking. However, ethanol contains less energy per
gallon than gasoline, which can impact fuel economy

depending on the ethanol content and engine
optimization.
Ethanol Energy Balance

In the U.S., 94% of ethanol is produced from corn starch.
The energy required to produce ethanol from corn results
in a positive energy balance, meaning the energy content
of the ethanol exceeds the energy used in its production.
Cellulosic ethanol, produced from non-food biomass like
wood chips or crop residues, offers an even better energy
balance due to lower water and fertilizer requirements.
When biomass is used to power the conversion process,
the fossil fuel energy used in production is further
reduced. Cellulosic ethanol also results in lower lifecycle
greenhouse gas emissions. Ethanol (C2:HsOH) is a biofuel
produced through the fermentation of biomass, such as
sugarcane, cassava, and maize. It is a clean-burning fuel
with a high energy density, making it suitable for power
generation. In Benue State, where agriculture is a major
economic activity, ethanol production from locally
available crops presents an opportunity for energy self-
sufficiency. Ethanol, a biofuel derived from biomass, has
gained significant attention as a renewable energy source
due to its potential to reduce greenhouse gas emissions,
enhance energy security, and promote rural development.
This article provides an exhaustive review of ethanol as
a renewable energy source, covering its production
processes, feedstocks, applications, environmental and
economic impacts, challenges, and future prospects. The
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review also includes detailed discussions on
technological advancements, policy frameworks, and
case studies to provide a holistic understanding of
ethanol's role in the global energy transition.

The Need for Renewable Energy

The global energy landscape is undergoing a
transformation as the world seeks to mitigate climate
change, reduce dependence on fossil fuels, and ensure
sustainable development. Renewable energy sources,
such as solar, wind, and biofuels, are critical to achieving
these goals. Among biofuels, ethanol stands out due to its
versatility, scalability, and compatibility with existing
infrastructure.

Ethanol: A Brief Overview

Ethanol (C:HsOH) is an alcohol-based fuel produced
through the fermentation of sugars derived from biomass.
It is commonly used as a fuel additive, a standalone fuel,
and a feedstock for chemical production. Ethanol's
renewable nature, coupled with its ability to reduce
carbon emissions, makes it a key component of the global
renewable energy strategy.

Ethanol Production Processes

Biofuel

Biofuels are increasingly seen as a cost-effective and
environmentally friendly alternative to fossil fuels,
especially given rising petroleum prices and concerns
about global warming. Below are some examples of
biofuels (El-Araby, 2024):

Corn

NJP

Bioethanol

Bioethanol is primarily produced through the
fermentation of sugars and starches by yeast cells. It is a
first-generation biofuel derived from agricultural
products like corn, sugarcane, and potatoes (Mat et al.,
2020). Bioethanol can also be produced through gas
fermentation, where anaerobic bacteria convert carbon
monoxide into ethanol (Liew et al., 2016). This process
allows for the production of bioethanol from industrial
waste gases, reducing carbon emissions and providing a
sustainable fuel source (Mohammadi et al., 2011).
Ethanol is approximately one-third cheaper than gasoline
and has a higher energy content (Dasan et al., 2019). The
EU standard allows for a 5% ethanol blend in gasoline,
which requires no engine modifications. The U.S.
generates the most ethanol (10% ethanol, 90% petrol),
followed by Brazil with blends of 27% (Abdullah et al.,
2019: Khoo et al., 2023).

Bioethanol production involves three main steps:
preparation, fermentation, and recovery. Recent
advancements in  second-generation  bioethanol
production focus on optimizing pretreatment, enzymatic
hydrolysis, fermentation, and distillation processes
(Malik, 2022). Despite its environmental benefits,
biological pretreatment remains a promising area for
further research. Bioethanol is produced from sugar-
containing materials such as sugarcane, corn, and algae
through a three-step process: preparation, fermentation,
and recovery and concentration (Figure 1) (Sharma et al.,
2020).

Cellulosic Ethanol

Pretreatment

Fermentation

SN\
Ethanol & b Wet Enzymatic
) \illing E—) Hydrolysis
v
Oil - Wet
CGM <— Milling
CGF <« Tank
Sugarcane Ethanol
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.
v
Product Recovery
v
Distillation

-

Figure 1: Production of bioethanol from three commonly used sources: corn, sugarcane,

and cellulosic biomass (Sharma et al., 2020)

Feedstocks for Ethanol Production

Ethanol or Biofuels can be produced from a variety of
feedstocks which can be categorized by generation based
on their feedstock sources, as depicted in Figure 2: first,

NJP VOLUME 34(2)

generation from food crops, second, from nonfood plants,
third, from algae; and fourth, from genetically engineered
crops and grasses.

njp.nipngr.org




NIGERIAN JOURNAL OF PHYSICS

ETHANOL AS RENEWABLE ENERGY FOR ... Aondofa et al.

First-Generation Feedstocks

First-generation biofuels are produced from edible
feedstocks like corn, sugarcane, and oilseed crops using
established technologies such as fermentation,
distillation, and transesterification (Deora et al., 2022:
Mat et al., 2020: Rame, Purwanto, & Sudarno, 2023:
Shahid et al, 2021). While they offer marginal
greenhouse gas emission reductions compared to fossil
fuels, they face challenges like competition with food
production, high water usage, and soil degradation. These
limitations have spurred research into second- and third-
generation biofuels (Safari et al., 2024).

i. Sugarcane: Widely used in Brazil, sugarcane is a
highly efficient feedstock for ethanol production
due to its high sugar content.Corn: The primary
feedstock for ethanol production in the United
States, corn is converted into ethanol through dry or
wet milling processes.

ii. Cassava: A staple crop in many African and Asian
countries, cassava is a cost-effective feedstock for
ethanol production.

Second-Generation Feedstocks

Second-generation biofuels use non-food lignocellulosic
materials like agricultural residues and forest waste,
addressing food security concerns while reducing
greenhouse gas emissions and enhancing energy security.
The US and EU are advancing biotechnology to produce
1.3 billion tons annually without compromising food
supplies (Rai et al., 2022). Lignocellulose-based biofuels
have the potential to reduce greenhouse gas emissions,
benefit the economy, and enhance energy security. The
US and the EU are implementing biotechnology
approaches to produce 1.3 billion tons annually without
compromising food security (Mat et al., 2020).

i. Agricultural Residues: Crop residues such as corn
stover, wheat straw, and rice husks can be used to
produce cellulosic ethanol.

ii. Woody Biomass: Forest residues and dedicated
energy crops like switchgrass and miscanthus are
promising feedstocks for ethanol production.

Third-Generation Feedstocks

Bioenergy from algae represents the third generation of
biofuels. Algae and microorganisms are the primary
feedstocks, produced through biochemical and ther-
mochemical conversion processes (Beig et al., 2021).
Third-generation biofuels are derived from algae and
microorganisms through biochemical and
thermochemical processes. Algae can be cultivated
autotrophically, heterotrophically, or mixotrophically,
offering faster growth and higher lipid content than land-
based crops (Dahiya, 2020: Naji, Tye, & Abd, 2021).
Figure 2 illustrates the energy products and their end
uses. Burning bioenergy produces a considerable amount
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of CO2 and other greenhouse gases. However, this
process and heterotrophic nutrition (Neto et al., 2019).
These algae are subse-quently processed into biofuels
(Khan et al., 2021). Algal biofuels may be superior
replacements for earlier generations due to their faster
growth without the need for extensive land or resources
(Mat et al., 2020). Algae have quicker photosynthesis
than land plants used in first/second-gen-eration biofuels.
The relevance of algae resides in their noncompetitive
nature for food chains while providing diverse end
products such as bioethanol, biogas and bio-diesel
(Umakanth et al., 2022). Various transesterification
techniques have been introduced for different microalgae
(Kumar et al., 2020). Transes-terification is a crucial
process in biodiesel production, involving the reaction of
triglycerides with alcohol to pro-duce biodiesel and
glycerol. Various techniques such as homogeneous
catalysis (base and acid-catalyzed), hetero-geneous
catalysis, enzymatic transesterification, super-critical
alcohol transesterification, ultrasound-assisted
transesterification, and microwave-assisted transesterifi-
cation are used in this process, each with its own
advantages and challenges. The choice of technique
depends on factors like feedstock quality, production
scale, and available resources, with ongoing research
focused on optimizing these processes and developing
more eficient methods (Umakanth et al., 2022). Due to
the utility of biofuel, photosyn-thetic microorganisms
such as algae have recently gained increased academic
interest recently (Duarah et al., 2022).

Algae: Microalgae and macroalgae are emerging
feedstocks for ethanol production due to their high
biomass yield and ability to grow in non-arable land.

Fourth-generation biofuels

Fourth-generation biofuels are uncommon and have been
under development for several years. It is seen as an
extension of the third generation and involves the use of
modern biological technology. Genetically modified
photosynthetic microorganisms (such as cyanobacteria,
algae, and fungi) are employed as feedstocks.
Photosynthetic bacteria can turn ambi-ent CO2 into
ethanol (Dupont et al., 2023). According to certain
related research, some crops capture carbon from the
environment and store it in their leaves and stems, after
which the carbon is turned into fuel through second-
generation procedures (Jiang et al., 2014). Genetically
engineered microbes are utilized in fourth-generation
biofuels to increase hydro-carbon output while lowering
carbon emissions (Dias, Antunes, & Tchepel, 2019).
Common strategies for the genetic manipulation of algae
include enhancing light penetration, increasing photo-
synthetic eficiency, and decreasing photoinhibition
(Khoo et al., 2019). The summary of biofuel types and
their generations is shown in Figure 2.

njp.nipngr.org




NIGERIAN JOURNAL OF PHYSICS

ETHANOL AS RENEWABLE ENERGY FOR ... Aondofa et al.

SECONDRY
BIOFUELS

i

NJP

+ WOOD
PRIMARY |+ PELLETS
BIOFUELS « CHIPS

+ CHARCOAL

* ANIMAL WASTE
* FARM RESIDUE

@

~ 1% Generation
(Non-Edible

2" Generation |
(Edible Based ‘

Biofuels) Based Biofuels) |
|
o Bio-alcohol o A‘Icohol.
o Bio-diesel | o Cellulosic
g . Ethanol
° ;f(’f:;:b" . o Bio-SNG

o Dimethyl-furan

" 3rd Generation |

]

4™ Generation

(Algae Based (Microalgal
Biofuels) . Based Biofuels) |
o Biodiesel o Bio butanol
o Bio-butanol o Blo-hydrogen
o Bio-propanol © lsilo-l;:ct.hanc
o Bio-ethanol Rf=yRthete
Biofuels

Figure 2: Biofuel types and their generations

Ethanol Production Pathways

The production of ethanol involves several key steps,
which vary depending on the feedstock and technology
used (El-Araby, 2024):

Fermentation

i. Sugar Fermentation: Sugars extracted from
feedstocks like sugarcane and corn are fermented by
microorganisms (e.g., yeast) to produce ethanol and
carbon dioxide.

ii. Cellulosic Fermentation: Lignocellulosic biomass
is pretreated to break down complex carbohydrates
into fermentable sugars, which are then converted
into ethanol.

Distillation and Dehydration
i. Distillation: The fermented mixture is distilled to
separate ethanol from water and other impurities.
ii. Dehydration: Water is removed to produce
anhydrous ethanol, which is suitable for blending
with gasoline or use as a standalone fuel.

Advanced Technologies
i. Enzymatic Hydrolysis: Enzymes are used to break
down cellulose and hemicellulose into fermentable
sugars.
ii. Qasification and Syngas Fermentation: Biomass is
gasified to produce syngas, which is then fermented
to produce ethanol.

NJP VOLUME 34(2)

Applications of Ethanol as a Renewable Energy
Source
Transportation Fuels

i. Gasoline Blending: Ethanol is commonly blended
with gasoline to produce E10 (10% ethanol) and
E85 (85% ethanol) fuels, which reduce emissions
and improve octane ratings.

ii. Flex-Fuel Vehicles: Ethanol-powered flex-fuel
vehicles can run on any blend of ethanol and
gasoline, offering flexibility and reducing
dependence on fossil fuels (El-Araby, 2024).

Power Generation
i. Ethanol-Powered Generators: Ethanol can be used
in internal combustion engines or fuel cells to
generate electricity, particularly in off-grid and
remote areas.
ii. Cogeneration: Ethanol production facilities can
utilize waste heat to generate electricity, improving
overall energy efficiency.

Industrial Applications
i. Chemical Feedstock: Ethanol is used as a feedstock
for producing chemicals such as ethylene, acetic
acid, and ethyl acetate.
ii. Solvents and Disinfectants: Ethanol is widely used
in the pharmaceutical, cosmetic, and food industries
as a solvent and disinfectant (El-Araby, 2024).
Figure 3, shows how to convert industrial and household
waste into the three key products of ethanol into use.
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Environmental and Economic Impacts

The Environmental Benefits include but not limited to,
reduced greenhouse gas emissions because ethanol
combustion produces fewer greenhouse gases compared
to fossil fuels, contributing to climate change mitigation.
Improved Air Quality, Ethanol reduces emissions of
particulate matter, carbon monoxide, and volatile organic
compounds, improving air quality and Waste Utilization
since Ethanol production from agricultural residues and
waste materials reduces landfill use and promotes
circular economy principles. The Economic Benefits also
include: Rural Development as Ethanol production
creates jobs and income opportunities in rural areas,
particularly in developing countries. Energy Security
because Local ethanol production reduces dependence on
imported fossil fuels, enhancing energy security and
Market Diversification as Ethanol provides an additional
revenue stream for farmers and agribusinesses.

Challenges and Trade-offs (USDA’s, 2018)

i. Land Use Competition: The expansion of ethanol
feedstock cultivation may compete with food
production, raising concerns about food security.

ii. Water Use: Ethanol production requires significant

amounts of water, which can strain local water
resources.
Energy Balance: The net energy balance of ethanol
production varies depending on the feedstock and
production process, with some pathways offering
limited energy savings.

iii.

Technological Advancements and Innovations
Genetic Engineering
i. High-Yield Feedstocks: Genetic modification of
crops like sugarcane and corn has increased their
ethanol yield and resistance to pests and diseases.
ii. Engineered Microorganisms: Advances in synthetic
biology have led to the development of
microorganisms with enhanced fermentation
efficiency and tolerance to ethanol.

Process Optimization

i. Integrated Biorefineries: Biorefineries that produce
multiple products (e.g., ethanol, biogas, and
chemicals) from biomass improve resource
utilization and economic viability.

ii. Waste-to-Energy Technologies: Technologies that
convert waste materials into ethanol and other
valuable products are gaining traction.

Emerging Technologies
i. Algae-Based Ethanol: Algae-based ethanol
production offers high yields and minimal land use,
making it a promising alternative to traditional
feedstocks.

ii. Electrofuels:  Electrofuels, produced using
renewable electricity and carbon dioxide, are being
explored as a sustainable alternative to conventional
ethanol.

Policy and Regulatory Frameworks
National and International Policies
i. Renewable Fuel Standards (RFS): Many countries
have implemented RFS mandates to promote the
use of ethanol and other biofuels.
ii. Carbon Pricing: Carbon pricing mechanisms, such
as carbon taxes and cap-and-trade systems,
incentivize the use of low-carbon fuels like ethanol.

Subsidies and Incentives
i. Production Subsidies: Governments provide
financial incentives to ethanol producers to offset
production costs and encourage investment.
ii. Blending Mandates: Blending mandates require a
minimum percentage of ethanol in gasoline, driving
demand for ethanol.

Sustainability Certification

Certification ~Schemes: Sustainability certification
schemes ensure that ethanol production meets
environmental and social criteria, promoting responsible
production practices.
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Case Studies

Brazil: Sugarcane Ethanol Success Story (Amorim,
Gryschek, & Lopes, 2019)

Brazil is a global leader in ethanol production, with
sugarcane ethanol accounting for over 40% of the
country's transportation fuel. Key factors contributing to
Brazil's success include favorable climate conditions,
advanced production technologies, and supportive
government policies.

United States: Corn Ethanol Industry (Newes et al.
2022)

The United States is the largest producer of ethanol,
primarily from cormn. The Renewable Fuel Standard
(RFS) has been instrumental in driving the growth of the
corn ethanol industry, which supports rural economies
and reduces greenhouse gas emissions.

India: Ethanol Blending Program (Saon, Amrita, &
Smita, 2011)

India has implemented an ethanol blending program to
reduce its dependence on imported oil and curb air
pollution. The program has achieved significant progress,
with ethanol blending reaching 10% in 2022.

Challenges and Future Prospects
Challenges
i. Technological Barriers: The high cost and
complexity of advanced ethanol production
technologies hinder their widespread adoption.
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ii. Market Volatility: Fluctuations in feedstock
prices and ethanol demand pose risks to producers
and investors.

iii. Infrastructure  Limitations: The lack of
infrastructure for ethanol distribution and storage
limits its market penetration.

Future Prospects

i. Research and  Development:  Continued
investment in R&D is essential to overcome
technological barriers and improve the efficiency
and sustainability of ethanol production.

ii. Policy Support: Strong policy support and
international cooperation are needed to promote
ethanol as a renewable energy source.

iii. Public Awareness: Raising public awareness
about the benefits of ethanol can drive consumer
acceptance and demand.

Ethanol is a versatile and sustainable renewable energy
source with the potential to play a significant role in the
global energy transition. Its production from diverse
feedstocks, coupled with its environmental and economic
benefits, makes it a promising alternative to fossil fuels.
However, addressing the challenges associated with
ethanol production and use requires concerted efforts
from governments, industry, and researchers. By
leveraging technological advancements, implementing
supportive policies, and promoting sustainable practices,
ethanol can contribute to a cleaner, greener, and more
secure energy future. The applications of bioenergy is
presented in Figure 4 and the comparison of the Ethanol
feedstocks is presented in Table 1.
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Figure 5: Schematic of Ethanol Production Pathways
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Table 1: Comparison of Ethanol Feedstocks (Jaanvi et al. 2023)

S/N  Feedstock Ethanol Yield (Liters/Ton) Land Use (ha/Ton) Water Use (Liters/Liter Ethanol)
1 Sugarcane 70 0.2 1,500

2 Corn 400 0.3 2,500

3 Cassava 150 0.4 3,000

4 Algae 6,000 0.01 500

Table 2: Global Ethanol Production (2022) (RFA, 2022)

NIGERIAN JOURNAL OF PHYSICS

S/N Country Ethanol Production (Billion Litres)
1 United States 60

2 Brazil 30

3 European Union 5

4 China 4

5 India 3

Based on the statistics provided in Table 2, Nigeria's
ethanol production in 2022 was 70 million liters.
Nigeria's ethanol production is relatively small compared
to global leaders like the United States and Brazil, and it
is primarily used for domestic purposes, including fuel
blending and industrial applications. Therefore, ethanol
as a renewable energy source, highlights the potential to
address global energy challenges while promoting
sustainable development. By addressing the barriers and
leveraging the opportunities, ethanol can become a
cornerstone of the renewable energy landscape.

Let us Evaluate the potential of ethanol as a renewable
energy source for powering telecommunications devices
in Benue State, Discuss the technological, economic, and
environmental aspects of ethanol utilization and Provide
recommendations for policy implementation and future
research (Erdiwansyah et al., 2019).

Ethanol Production and Availability in Benue State
(Field work 2025)

Benue State, often referred to as the "Food Basket of the
Nation," is endowed with abundant agricultural resources
that can be harnessed for ethanol production. This article

Table 3: Cassava Production in Benue State (2022)

provides a detailed discussion on the potential for ethanol
production in Benue State, focusing on the availability of
feedstocks, current production capacity, and the
economic and environmental implications. Statistical
data is used to support the analysis, highlighting the
opportunities and challenges associated with ethanol
production in the state.

Benue State, located in the North Central region of
Nigeria, is renowned for its agricultural productivity. The
state's fertile soil and favorable climate support the
cultivation of a wide range of crops, including cassava,
maize, and sugarcane, which are key feedstocks for
ethanol production. Despite this potential, large-scale
ethanol production remains underdeveloped in the state.

Availability of Ethanol Feedstocks in Benue State
Cassava

Cassava is one of the most widely cultivated crops in
Benue State, with an annual production of over 4 million
metric tons. The state accounts for a significant portion
of Nigeria's total cassava output, making it a prime
candidate for ethanol production. This is summarized as
presented in Table 3.

S/N Local Government Area Cassava Production (Metric Tons)
1 Gboko 800,000
2 Makurdi 700,000
3 Otukpo 600,000
4 Katsina-Ala 500,000
5 Other LGAs 1,400,000
Total 4,000,000
Maize tons. Maize is a versatile feedstock for ethanol

Maize is another major crop in Benue State, with an
annual production of approximately 1.5 million metric
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production, offering high yields and ease of processing.
This is presented in Table 4.
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Table 4: Maize Production in Benue State (2022)
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S/N Local Government Area Maize Production (Metric Tons)
1 Gboko 400,000
2 Makurdi 300,000
3 Otukpo 250,000
4 Katsina-Ala 200,000
5 Other LGAs 350,000
Total 1,500,000
Sugarcane state's annual sugarcane production is estimated at

Although less prevalent than cassava and maize,
sugarcane cultivation is feasible in Benue State. The

Table 5: Sugarcane Production in Benue State (2022)

200,000 metric tons, with potential for expansion as
presented in Table 5.

S/N Local Government Area Sugarcane Production (Metric Tons)
1 Gboko 80,000
2 Makurdi 60,000
3 Otukpo 40,000
4 Katsina-Ala 20,000
Total 200,000

Current State of Ethanol Production in Benue State
Small-Scale Production

Currently, ethanol production in Benue State is limited to
small-scale operations. These include local distilleries
that produce ethanol for industrial and domestic use. The
lack of large-scale production facilities is a significant
barrier to realizing the state's full potential.

Table 6: Ethanol Yield from Key Feedstocks

Ethanol Yield from Feedstocks

The yield of ethanol from various feedstocks varies based
on the production process and efficiency. The following
Table 6, provides an overview of ethanol yield from key
feedstocks in Benue State.

S/N Feedstock Ethanol Yield (Liters/Ton) Total Ethanol Potential (Million Liters)
1 Cassava 150 600

2 Maize 400 600

3 Sugarcane 70 14

Challenges in Ethanol Production

i. Lack of Infrastructure: The absence of large-scale
ethanol production facilities and storage
infrastructure limits production capacity.

ii. Funding Constraints: High initial investment costs
for setting up ethanol plants deter potential
investors.

iii. Technical Expertise: Limited technical know-how
and skilled personnel hinder the development of the
ethanol industry.

Economic and Environmental Implications
Economic Benefits
i. Job Creation: Ethanol production can create jobs in
agriculture, manufacturing, and logistics, boosting
the local economy.
ii. Income Generation: Farmers can earn additional
income by supplying feedstocks for ethanol
production.
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iii. Energy Security: Local ethanol production reduces
dependence on imported fuels, enhancing energy
security.

Environmental Benefits

i. Reduced Carbon Emissions: Ethanol combustion
produces fewer greenhouse gases compared to
fossil fuels, contributing to climate change
mitigation.

ii. Waste Utilization: Agricultural residues can be used
for ethanol production, reducing waste and
promoting sustainable practices.

Recommendations for Enhancing Ethanol Production
in Benue State
Policy Interventions
i. Government Support: The government should
provide financial incentives, such as subsidies and
tax breaks, to encourage investment in ethanol
production.
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ii. Public-Private Partnerships: Collaboration between
the government, private sector, and local
communities can drive the development of ethanol
projects.

Infrastructure Development
i. Building Production Facilities: Establishing large-
scale ethanol production facilities will increase
production capacity and efficiency.
ii. Improving Storage and Distribution: Developing
infrastructure for ethanol storage and distribution
will enhance market access and reduce losses.

Capacity Building
i. Training Programs: Providing training and
technical support to farmers and industry

NJP

stakeholders will improve production efficiency
and product quality.

ii. Research and Development: Investing in R&D to
develop advanced production technologies and
high-yield feedstocks  will enhance the
competitiveness of the ethanol industry.

Benue State has significant potential for ethanol
production as presented in Table 7, which is driven by its
abundant agricultural resources and favorable climate.
However, realizing this potential requires addressing the
challenges of infrastructure, funding, and technical
expertise. By implementing supportive policies,
investing in infrastructure, and building local capacity,
Benue State can harness the economic and environmental
benefits of ethanol production, contributing to
sustainable development and energy security.

Table 7: Summary of Ethanol Production Potential in Benue State

S/N Feedstock Annual Production Ethanol Yield Total Ethanol Potential
(Metric Tons) (Liters/Ton) (Million Liters)
1 Cassava 4,000,000 150 600
2 Maize 1,500,000 400 600
3 Sugarcane 200,000 70 14
Feedstock Availability Ethanol Production Process

Benue State, known as the "Food Basket of the Nation,"
has abundant agricultural resources that can be harnessed
for ethanol production. Key feedstocks include:

i. Cassava: Benue is one of the largest producers of
cassava in Nigeria, with an annual production of
over 4 million metric tons.

ii. Maize: The state produces approximately 1.5
million metric tons of maize annually.

iii. Sugarcane: Although less prevalent, sugarcane
cultivation is feasible in the state's fertile soil.

Ethanol Production Process
The production of ethanol involves the following steps:
i. Feedstock Preparation: Crops are harvested and
processed to extract fermentable sugars.
ii. Fermentation: Microorganisms (e.g., yeast) convert
sugars into ethanol.
iii. Distillation: Ethanol is purified to achieve the
desired concentration (95-99%).
iv. Dehydration: Water is removed to produce
anhydrous ethanol for fuel use.

Current Ethanol Production in Benue State

Despite the availability of feedstock, large-scale ethanol
production is yet to be fully exploited in Benue State.
Small-scale distilleries exist, but they primarily produce
ethanol for local consumption and industrial use. Table 1
provides an overview of ethanol production potential in
the state.
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Ethanol (C:HsOH) is a renewable biofuel produced
through the fermentation of sugars derived from biomass.
It is widely used as a fuel additive, a standalone fuel, and
a feedstock for chemical production. This article provides
a comprehensive discussion on the ethanol production
process, covering the key steps, feedstocks, technologies,
and challenges involved. The article also highlights the
environmental and economic implications of ethanol
production, supported by relevant statistics and diagrams.

Ethanol as a Renewable Fuel

Growing Concerns about Climate Change and Fossil
Fuel Depletion

Fossil fuels such as coal, natural gas, and oil are finite
resources with estimated reserve-to-production lifetimes
of approximately 139, 48.8, and 53.5 years, respectively
(Johnsson, Klarstod, & Rootzen, 2019: Vivoda, Krame,
& Spraggon, 2023). Fossil fuel production follows
Hubbert's curve, which predicts a peak in production
followed by a decline as reserves are depleted. This
theory, developed by geologist M. King Hubbert in 1956,
has been applied to various finite resources, including
fossil fuels. While estimates may change based on
production and consumption trends, fossil fuels will
eventually run out, necessitating a shift to renewable
energy sources (Hossain, 2023a: Hossain, 2023b). Fossil
fuel combustion releases greenhouse gases like CO2 and
methane, contributing to climate change (Khatun,
Hossain, & Savem, 2023: Polvani et al., 2020). The
global energy crisis and climate change require an urgent
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transition to renewable energy to ensure sustainability
and reduce emissions (El-Araby, 2024).

Fossil fuel reserves are not going to last forever and are
also reducing fast with oil following after it (Sofian et al.,
2024). The relationship of both climate and energy
problems need a quick movement to renewable energy
for sustainability and emission reduction (Azri et al.,
2023: Sofian et al., 2024). Statistics show that renewable
electricity demand will rise substantially by 2030. The
International Energy Agency (IEA), revealed that global
renewable electricity generation is to rise by over 60%
from 2020 to 2026, attaining more than 4800 GW. This
is the same with the current total global power capacity
of fossil fuels and nuclear combined. Renewable
electricity generation is expected to move up by 8%
yearly on average, attaining 12,350 TWh by 2026 (IEA,
2021). Also, the International Renewable Energy Agency
(IRENA) predicted that the share of renewable energy in
global electricity generation could rise from 26% in 2018
to 57% by 2030 in their Transforming Energy Scenario
(IRENA, 2020). However, energy poverty still hinders
access to clean energy globally. The environmental crisis
has inspired the crave for carbon neutrality in line with
the UN Sustainable Development Goals (Azri et al.,
2023), including Goal 7 of moving from fossil fuels by
2030 (LI et al., 2023a: Li et al., 2023b: Li et al., 2023c).
Human activities such as fossil fuel burning and CFC
chlorofluorocarbons refrigerant use have scientifically
undisputed impacts CO2, methane and CFCs,
respectively cause global warming, ozone depletion and
both, respectively (Soeder & Fracking, 2020). With
increasing awareness, fossil fuel use will hopefully be
reduced, and reserves preserved for transitional purposes,
as renew-able energy will ultimately remain when fossil
fuels run out (Hssain et al., 2023a: Hossain et al., 2023b).

Importance of Renewable Energy Solutions

Renewable energy is derived from naturally replenished
sources such as sunlight, wind, water, and biomass.
Unlike fossil fuels, renewables produce minimal direct
emissions during operation, though their environmental
impact varies depending on the technology and lifecycle
(Alalwan, Alminshid, & Aljaafari, 2019: Rutz, &
Janssen, 2007). Biomass conversion processes, for
example, do produce some greenhouse gas emissions, but
at lower levels than fossil fuels (Johnson, 2009: IPCC,
2011).  Overall, renewables offer significant
environmental benefits, including a lower carbon
footprint, improved air quality, and long-term energy
security (IPCC, 2011).

Renewable energy technologies, such as solar
photovoltaics, wind turbines, and hydropower, provide a
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reliable and sustainable energy supply. They reduce
dependence on fossil fuel imports, create jobs, and enable
decentralized power generation. Renewables are
essential for combating climate change and ensuring a
cleaner energy future (Alalwan, Alminshid, & Aljaafari,
2019: Rutz, & Janssen, 2007).

Promising Alternative Biofuels

Biofuels, derived from renewable biomass, offer a
sustainable alternative to fossil fuels (Deora et al., 2022:
Pan-dey et al.,2018). They can be classified into different
generations based on their feedstock and production
technology. First-generation biofuels are produced from
food crops like corn and sugarcane, while second-
generation biofuels use non-food biomass such as
agricultural residues and wood. Third-generation
biofuels, derived from algae and other microorganisms,
represent more advanced and sustainable options
(Dwivedi, Pillai, & Shukla, 2019). Biofuels can be
blended with conventional fuels or used as direct
substitutes, allowing for a smooth transition to renewable
energy.

Environmental Impact of Fossil Fuel Consumption
Fossil fuel use has significant environmental and health
impacts, including air and water pollution, habitat
destruction, and greenhouse gas emissions (Jeswani,
Chilvers, & Azapaic, 2020). The extraction and transport
of fossil fuels threaten water systems through toxic runoff
and spills. Fossil fuel combustion also contributes to
climate change, leading to extreme weather events, sea-
level rise, and ocean acidification. Reducing dependence
on fossil fuels is crucial for mitigating these impacts and
protecting the environment (Guo et al., 2015: Jeswani,
Chilvers, & Azapaic, 2020).

Increasing Energy Demand

Global energy demand is projected to increase by nearly
50% by 2050, driven by population growth and economic
development (Paramati, Shahzad, & Dogan, 2022: Van-
Rujven, De, & Sue, 2019). Renewable energy is expected
to play a significant role in meeting this demand, with
projections indicating that renewables could account for
over 60% of global electricity generation by mid-century.
The transition to renewable energy is essential for
reducing carbon emissions and ensuring a sustainable
energy future (Das et al., 2022: Van-Rujven, De, & Sue,
2019). The electricity consumption by sector over time is
presentd in Figure 6, which shows increasing demand for
electricity
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Role of Renewable Energy in Reducing Carbon
Emissions

Renewable energy sources such as solar, wind, and
hydropower are crucial for reducing carbon emissions
and combating climate change (Shahbaz, Topcu, &
Sangul, 2021: Sreinmikiene, & Akberdina, 2021).

== Hydro Power
= Solar Energy

8000 s Geothermal Energy

7000
6000
5000
4000
3000
2000
1000

]

Capacitiy (TWh)

Governments and companies have a critical role to play
in enabling the transition to renewable energy through
supportive policies and investments in infrastructure
(Pan-dey et al.,2018: IRENA, 2024). Figure 7 further
shows the growing renewable energy production over
time.
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Figure 7: Total renewable energy production (2010-2020) (Das et al., 2022)

Bioenergy: A Promising Solution

Bioenergy, derived from organic materials like crops,
trees, and algae, is a renewable energy source with
significant potential (Dahiya, 2020: Dawson, 2012). It
can be used to generate electricity, heat, and biofuels
(Shahid et al., 2021). Bioenergy offers a sustainable
alternative to fossil fuels, with lower greenhouse gas
emissions and minimal environmental impact (Gielen et
al., 2019: Hossain et al., 2023a: Hossain et al., 2023b)

Classification of Biofuels

Biofuels can be produced in liquid, gaseous or solid
forms and are primarily produced from edible crops,
cultivated nonfood feedstocks, and agricultural waste.
Primary biofuels such as firewood, plants and animal
waste are directly used (Shahid et al., 2021). Secondary
biofuels are biomass con-verted into biodiesel,
bioethanol, biohydrogen or biogas. Biobutanol has a
longer outlook than bioethanol and can be made more
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eficient from corn stoves, but substan-tial feedstocks
such as sugarcane bagasse and rice straw may still be
used (Bhatt, Bhatt, & Bakshi, 2021: Deora et al., 2022).
Biofuels are also categorized by generation based on their
feedstock sources.

Biofuels can be classified into different generations based
on their feedstock and production technology. First-
generation biofuels are produced from food crops, while
second-generation biofuels use non-food biomass. Third-
generation biofuels, derived from algae, represent a more
sustainable option. Fourth-generation biofuels, still under
development, involve genetically modified
microorganisms to enhance fuel production.

The transition to renewable energy is essential for
addressing climate change, reducing carbon emissions,
and ensuring a sustainable energy future. Biofuels,
particularly those derived from non-food biomass and
algae, offer a promising solution to the challenges posed
by fossil fuel depletion and environmental degradation.
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Continued research and investment in renewable energy
technologies are crucial for achieving a greener and more
sustainable future.

Ethanol is a clean-burning, high-octane fuel that can be
produced from renewable biomass sources. It is
commonly blended with gasoline to reduce emissions
and enhance fuel performance. Ethanol production is a
key component of the global strategy to transition to
renewable energy and reduce dependence on fossil fuels.

Ethanol Production Process

The ethanol production process involves several key
steps, which vary depending on the feedstock and
technology used. The general process can be divided into
the following stages:

Feedstock Preparation

The first step in ethanol production is the preparation of
the feedstock. This involves harvesting, cleaning, and
processing the biomass to extract fermentable sugars.

First-Generation Feedstocks
i. Sugarcane: The stalks are crushed to extract the
juice, which contains sucrose.
ii. Corn: The kernels are ground into a fine powder,
and the starch is separated.
iii. Cassava: The roots are peeled, washed, and grated
to produce a mash.
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Second-Generation Feedstocks
i. Agricultural Residues: Crop residues such as corn
stover and wheat straw are pretreated to break down
the lignocellulosic structure.
ii. Woody Biomass: Forest residues and energy crops
are chipped and milled to produce a uniform
feedstock.

Fermentation

Fermentation is the process by which microorganisms,
such as yeast, convert sugars into ethanol and carbon
dioxide.

Sugar Fermentation
i. Sugarcane: The extracted juice is fermented directly
by yeast to produce ethanol.
ii. Corn: The starch is hydrolyzed into glucose using
enzymes, and the glucose is then fermented.

Cellulosic Fermentation

Agricultural Residues: The pretreated biomass is
hydrolyzed into fermentable sugars using enzymes, and
the sugars are then fermented.

Distillation
Distillation is the process of separating ethanol from the
fermentation broth. The broth is heated, and the ethanol
vapor is condensed and collected. Table 8 shows the
different concentration percentages of the stages of
Distillation.

Table 8: Ethanol Concentration at Different Stages of Distillation

S/N Stage Ethanol Concentration (%)
1 Fermentation Broth 8-12
2 After Distillation 95
Dehydration which is suitable for fuel use. This is typically achieved

Dehydration is the process of removing the remaining
water from the ethanol to produce anhydrous ethanol,

Table 9: Ethanol Concentration after Dehydration

using molecular sieves or azeotropic distillation. The
concentration after dehydration is presented in table 9.

S/N Process

Ethanol Concentration (%)

1 After Dehydration

99.5

By-Products and Co-Products
Ethanol production generates several by-products and co-
products, which can be utilized for other purposes:
1. Distillers' Grains: A by-product of corn ethanol
production, used as animal feed.
ii. Vinasse: A by-product of sugarcane ethanol
production, used as a fertilizer.
iii. Carbon Dioxide: Captured and used in the food and
beverage industry.
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Feedstocks for Ethanol Production

First-Generation Feedstocks

i. Sugarcane: Widely used in Brazil, sugarcane is a
highly efficient feedstock due to its high sugar
content.

ii. Corn: The primary feedstock for ethanol production
in the United States, corn is converted into ethanol
through dry or wet milling processes.

iii. Cassava: A staple crop in many African and Asian
countries, cassava is a cost-effective feedstock for
ethanol production.
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Second-Generation Feedstocks
i. Agricultural Residues: Crop residues such as corn
stover, wheat straw, and rice husks can be used to
produce cellulosic ethanol.
ii. Woody Biomass: Forest residues and dedicated
energy crops like switchgrass and miscanthus are
promising feedstocks for ethanol production.

Third-Generation Feedstocks

Algae: Microalgae and macroalgae are emerging
feedstocks for ethanol production due to their high
biomass yield and ability to grow in non-arable land.

Technologies for Ethanol Production

Conventional Fermentation

Conventional fermentation involves the use of yeast to
convert sugars into ethanol. This technology is widely
used for first-generation feedstocks.

Cellulosic Ethanol Production

Cellulosic ethanol production involves the use of
enzymes to break down lignocellulosic biomass into
fermentable sugars. This technology is still in the
developmental stage but holds great promise for second-
generation feedstocks.

Syngas Fermentation

Syngas fermentation involves the gasification of biomass
to produce syngas, which is then fermented by
microorganisms to produce ethanol. This technology is
suitable for a wide range of feedstocks, including
agricultural residues and municipal waste.

Environmental and Economic Impacts
Environmental Benefits
i. Reduced Greenhouse Gas Emissions: Ethanol
combustion produces fewer greenhouse gases
compared to fossil fuels, contributing to climate
change mitigation.

ii. Improved Air Quality: Ethanol reduces emissions of
particulate matter, carbon monoxide, and volatile
organic compounds, improving air quality.

iii. Waste Utilization: FEthanol production from
agricultural residues and waste materials reduces
landfill use and promotes circular economy
principles.
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Economic Benefits
i. Rural Development: Ethanol production creates
jobs and income opportunities in rural areas,
particularly in developing countries.
ii. Energy Security: Local ethanol production reduces
dependence on imported fossil fuels, enhancing
energy security.

iii. Market Diversification: Ethanol provides an
additional revenue stream for farmers and
agribusinesses.

Challenges and Future Prospects
Challenges

i. Land Use Competition: The expansion of ethanol
feedstock cultivation may compete with food
production, raising concerns about food security.

ii. Water Use: Ethanol production requires
significant amounts of water, which can strain
local water resources.

iii. Energy Balance: The net energy balance of
ethanol production varies depending on the
feedstock and production process, with some
pathways offering limited energy savings.

Future Prospects

i. Research and  Development:  Continued
investment in R&D is essential to overcome
technological barriers and improve the efficiency
and sustainability of ethanol production.

ii. Policy Support: Strong policy support and
international cooperation are needed to promote
ethanol as a renewable energy source.

iii. Public Awareness: Raising public awareness
about the benefits of ethanol can drive consumer
acceptance and demand.

Ethanol production is a complex process that involves
multiple steps, from feedstock preparation to
fermentation, distillation, and dehydration. The choice of
feedstock and technology plays a critical role in
determining the efficiency, sustainability, and economic
viability of ethanol production. Despite the challenges,
ethanol holds great promise as a renewable energy
source, offering significant environmental and economic
benefits. By addressing the barriers and leveraging the
opportunities, ethanol can play a key role in the global
transition to sustainable energy. Figure 10 helps us see
the difference between ethanol and gasoline carbon
dioxide emmissions and why the world has embraced
renewable energy.

Table 10: Comparison of CO: Emissions from Ethanol and Gasoline

S/N Fuel Type CO: Emissions (kg/L)
1 Ethanol 1.5
2 Gasoline 2.3
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Ethanol as a Power Source for Telecommunications
Devices

The telecommunications sector is a critical driver of
socio-economic development, particularly in regions
with limited access to reliable electricity. Traditional
power sources, such as diesel generators and grid
electricity, are often unsustainable due to high costs,
environmental concerns, and frequent power outages.
Ethanol, a renewable biofuel, has emerged as a viable
alternative for powering telecommunications devices.
This article provides a comprehensive analysis of ethanol
as a power source for telecommunications devices,
covering its production, applications, benefits,
challenges, and future prospects. The discussion is

Table 11: Comparison of Ethanol and Diesel Generators
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supported by relevant statistics, case studies, and
diagrams.

The Need for Reliable Power in Telecommunications
Telecommunications devices, such as base transceiver
stations (BTS), routers, and repeaters, require a stable and
continuous power supply to ensure uninterrupted service.
In many regions, particularly in rural and off-grid areas,
the lack of reliable electricity poses a significant
challenge to the deployment and operation of
telecommunications infrastructure. The comparison of
the parameters for ethanol and diesel generators to show
the superiority of ethanol generators over diesel
generators is presented in Table 11.

S/N Parameter Ethanol Generator Diesel Generator
1 CO: Emissions 1.5 kg/L 2.7 kg/L

2 Operational Cost Lower Higher

3 Fuel Availability Local production Imported

4 Maintenance Moderate High

Ethanol utilisation as a renewable energy source for
powering telecommunications devices holds great
promise. With its environmental benefits, economic
potential, and compatibility with existing infrastructure,
ethanol can address the energy challenges faced by the
telecommunications sector. However, overcoming
technical, economic, and policy barriers is essential for
widespread adoption. This review underscores the need
for concerted efforts from stakeholders to harness
ethanol's potential and ensure sustainable energy access
for telecommunications in both rural and urban areas.

Energy Requirements of Telecommunications Devices
Telecommunications devices, such as base transceiver
stations (BTS), routers, and repeaters, require a stable and
continuous power supply. The energy demand of a
typical BTS ranges from 1,500 to 5,000 watts, depending
on the load and operational conditions.
Telecommunications devices are essential for modern
communication, enabling connectivity across vast
distances. However, these devices require a stable and
continuous power supply to function -effectively.
Understanding  the  energy  requirements  of
telecommunications devices is crucial for designing
efficient power systems, particularly in regions with
limited access to reliable electricity. This article provides
a detailed analysis of the energy requirements of various
telecommunications devices, including base transceiver
stations (BTS), routers, repeaters, and mobile devices.
The discussion is supported by relevant statistics, case
studies, and diagrams.
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Importance of Telecommunications
Telecommunications play a critical role in socio-
economic development, enabling communication,
information dissemination, and access to digital services.
The reliability and performance of telecommunications
networks depend heavily on the availability of a stable
power supply.

Energy Challenges in Telecommunications

In many regions, particularly in rural and off-grid areas,
the lack of reliable electricity poses a significant
challenge to the deployment and operation of
telecommunications infrastructure. Understanding the
energy requirements of telecommunications devices is
essential for designing sustainable and efficient power
solutions.

Types of Telecommunications Devices

Base Transceiver Stations (BTS)

Base Transceiver Stations (BTS) are critical components
of cellular networks, facilitating wireless communication
between mobile devices and the network. BTS units are
typically installed in towers or rooftops and require a
continuous power supply.

Routers and Switches

Routers and switches are essential for data transmission
in wired and wireless networks. They direct data packets
between devices and networks, ensuring efficient
communication.
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Repeaters and Amplifiers
Repeaters and amplifiers are used to extend the range of
communication signals, particularly in areas with weak
signal strength. They are commonly used in both cellular
and broadband networks.

Mobile Devices

Mobile devices, such as smartphones and tablets, are the
end-user equipment in telecommunications networks.
While they are powered by batteries, their charging and
operation depend on the availability of electricity.

Table 12: Energy Consumption of a Typical BTS
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Energy Requirements of Telecommunications Devices
Base Transceiver Stations (BTS)

BTS units have varying energy requirements depending
on their size, capacity, and operational conditions. A
typical BTS unit requires between 1,500 to 5,000 watts
of power as summarized in Table 12. The energy
consumption of a BTS can be broken down as follows:

i. Radio Equipment: 40-60% of total energy
consumption.

ii. Cooling Systems: 20-30% of total energy
consumption.

iii. Power Supply and Backup: 10-20% of total energy
consumption.

S/N Component Power Consumption (Watts) Percentage of Total Consumption
1 Radio Equipment 1,000 - 3,000 40-60%
2 Cooling Systems 500 - 1,500 20-30%
3 Power Supply/Backup 200 - 1,000 10-20%
Total 1,500 - 5,000 100%

Routers and Switches
Routers and switches have lower energy requirements
compared to BTS units. A typical router consumes

Table 13: Energy Consumption of Routers and Switches

between 50 to 500 watts, depending on its capacity and
usage. Table 13 presents the energy consumption.

S/N Device Type Power Consumption (Watts)
1 Small Office Router 50-100

2 Enterprise Router 200 - 500

3 Network Switch 100 - 300

Repeaters and Amplifiers
Repeaters and amplifiers generally consume less power
than BTS units but more than routers. A typical repeater

consumes between 100 to 1,000 watts, depending on its
range and capacity as presented in Table 14.

Table 14: Energy Consumption of Repeaters and Amplifiers

S/N Device Type Power Consumption (Watts)
1 Cellular Repeater 100 - 500
2 Broadband Amplifier 200 - 1,000
Mobile Devices smartphone battery has a capacity of 2,000 to 5,000

Mobile devices are powered by batteries, with energy
requirements varying based on usage patterns. A typical

Table 15: Energy Consumption of Mobile Devices

milliampere-hours (mAh), equivalent to 7.4 to 18.5 watt-
hours (Wh). This is summarized in Table 15.

S/N  Device Type Battery Capacity (mAh) Energy Consumption (Wh)
1 Smartphone 2,000 - 5,000 74-18.5
2 Tablet 5,000 - 10,000 18.5 - 37

Energy Efficiency in Telecommunications
Energy-Efficient Technologies
i. Advanced Cooling Systems: Implementing energy-
efficient cooling systems can significantly reduce
the energy consumption of BTS units.
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Low-Power Modes: Routers and switches can be
designed with low-power modes to reduce energy
consumption during periods of low activity.

Renewable Energy Integration: Integrating
renewable energy sources, such as solar and wind,

ii.

iil.
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can reduce the reliance on grid electricity and diesel
generators.

Case Study: Energy-Efficient BTS in Rural Areas

A pilot project in a rural community implemented
energy-efficient technologies in a BTS unit, including
advanced cooling systems and solar panels. The project
achieved a 30% reduction in energy consumption,
resulting in lower operational costs and improved
network reliability.

Challenges and Solutions
Challenges
i. High Energy Costs: The high energy consumption
of BTS units and other telecommunications devices
can result in significant operational costs.

ii. Power Outages: Frequent power outages can disrupt
telecommunications services, particularly in off-
grid areas.

iii. Environmental Impact: The reliance on diesel
generators for backup power contributes to
greenhouse gas emissions and environmental
degradation.
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Solutions

i. Renewable Energy Integration: Utilizing renewable
energy sources, such as solar and wind, can reduce
energy costs and environmental impact.

ii. Energy Storage Systems: Implementing energy
storage systems, such as batteries, can ensure a
continuous power supply during outages.

iii. Energy Management Systems: Advanced energy
management systems can optimize energy
consumption and reduce waste.

Understanding  the  energy  requirements  of
telecommunications devices is crucial for designing
efficient and sustainable power systems. By
implementing energy-efficient technologies, integrating
renewable energy sources, and addressing the challenges
of high energy costs and power outages, the
telecommunications sector can achieve significant
improvements in energy efficiency and reliability. This
analysis provides a foundation for further research and
policy development to enhance the sustainability of
telecommunications networks.

The Energy Consumption Breakdown of a Typical BTS

is presented In Table 16 and summarized as:

Radio Equipment: 40-60%

Cooling Systems: 20-30%

Power Supply/Backup: 10-20%

Table 16: Comparison of Energy Consumption of Telecommunications Devices

S/N Device Type Power Consumption (Watts)
1 BTS 1,500 - 5,000

2 Router 50 -500

3 Repeater 100 - 1,000

4 Mobile Device 7.4 -18.5 Wh

Ethanol-Powered Generators
Ethanol can be used in internal combustion engines or
fuel cells to generate electricity. Ethanol-powered
generators offer several advantages:
i. Low Emissions: Ethanol combustion produces
fewer greenhouse gases compared to fossil fuels.
ii. Renewability: Ethanol is derived from biomass,
making it a sustainable energy source.
iii. Local Production**: Ethanol can be produced
locally, reducing dependence on imported fuels.

Case Study: Ethanol-Powered BTS in Rural Areas
A pilot project in a rural community in Benue State
demonstrated the feasibility of using ethanol to power a
BTS. The project utilized a 5 kW ethanol generator,
which operated continuously for 12 hours daily. Key
outcomes included:
i. Reduced Operational Costs: Ethanol was 30%
cheaper than diesel on a per-unit-energy basis.
ii. Improved Network Reliability: The BTS
experienced fewer downtimes compared to grid-
powered stations.
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iii. Community Engagement: Local farmers supplied
cassava for ethanol production, creating economic
opportunities.

Environmental and Economic Benefits
Environmental Impact
Ethanol utilisation offers significant environmental
benefits:
i. Reduced Carbon Footprint: Ethanol combustion
emits up to 50% less CO: compared to diesel.
ii. Waste Utilization: Agricultural residues can be used
for ethanol production, reducing waste.

Economic Impact
The adoption of ethanol as an energy source can stimulate
economic growth in Benue State:

i. Job Creation: Ethanol production and distribution
can create jobs in agriculture, manufacturing, and
logistics.

ii. Energy Independence: Local ethanol production
reduces reliance on imported fuels, saving foreign
exchange.
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Challenges and Limitations
Technical Challenges
i. Engine Modifications: Existing generators may
require modifications to run efficiently on ethanol.
ii. Storage and Handling: Ethanol is hygroscopic and
requires proper storage to prevent contamination.

Economic Barriers
i. Initial Investment: The setup cost for ethanol
production facilities can be high.
ii. Market Competition: Ethanol must compete with
cheaper fossil fuels, which are often subsidized.

Policy and Regulatory Issues
i. Lack of Incentives: There is limited government
support for ethanol production and utilisation.
ii. Land Use Conflicts: The expansion of ethanol
feedstock cultivation may compete with food
production.

Recommendations
Policy Interventions
i. Subsidies and Incentives: The government should
provide financial incentives for ethanol production
and adoption.
ii. Public-Private Partnerships: Collaboration between
the government, private sector, and local
communities can drive ethanol projects.

Research and Development
i. Technology Innovation: Research should focus on
improving ethanol production efficiency and
generator performance.
ii. Pilot Projects: More pilot projects should be
implemented to demonstrate the viability of
ethanol-powered telecommunications.

Community Engagement
i. Awareness Campaigns:
stakeholders about the
production.
ii. Capacity Building: Train local technicians to
maintain ethanol-powered generators.
Ethanol utilisation as a renewable energy source for
powering telecommunications devices in Benue State
holds great promise. With abundant feedstock,

Educate farmers and
benefits of ethanol
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environmental benefits, and economic potential, ethanol
can address the energy challenges faced by the
telecommunications sector. However, overcoming
technical, economic, and policy barriers is essential for
widespread adoption. This review underscores the need
for concerted efforts from stakeholders to harness
ethanol's potential and ensure sustainable energy access
in Benue State.

Current State of Ethanol Production in Benue State: A
Focus on the Ethanol Production Factory in Makurdi
Benue State, known as the "Food Basket of the Nation,"
has significant potential for ethanol production due to its
abundant agricultural resources. The establishment of an
ethanol production factory in Makurdi marks a
significant step toward harnessing this potential. This
article provides a detailed discussion on the current state
of ethanol production in Benue State, with a focus on the
Makurdi ethanol factory. The article examines the
factory's operations, production capacity, economic
impact, challenges, and future prospects, supported by
relevant statistics and data.

Benue State is one of Nigeria's leading agricultural hubs,
producing crops such as cassava, maize, and sugarcane,
which are key feedstocks for ethanol production. The
establishment of an ethanol production factory in
Makurdi, the state capital, is a landmark development in
the state's quest to leverage its agricultural resources for
renewable energy production.

Overview of the Ethanol Production Factory in
Makurdi

Establishment and Operations

The ethanol production factory in Makurdi was
established to utilize locally available agricultural
resources for ethanol production. The factory is equipped
with modern fermentation, distillation, and dehydration
technologies to produce high-quality ethanol.

Production Capacity
The factory has an installed production capacity of
50,000 liters of ethanol per day, with plans for expansion.
It primarily uses cassava and maize as feedstocks,
sourced from local farmers. Table 17 presents the
production capacity.

Table 17: Production Capacity of the Makurdi Ethanol Factory

S/N Metric Value

1 Daily Production Capacity 50,000 liters

2 Annual Production Capacity 18.25 million liters

3 Primary Feedstocks Cassava, Maize

4 Secondary Feedstocks Sugarcane (potential)
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Economic Impact
The factory has created numerous economic
opportunities for the local community, including:

i. Job Creation: The factory employs over 200
workers, including technicians, engineers, and
administrative staff.

ii. Income Generation: Local farmers supplying
cassava and maize to the factory have seen
increased income, improving their livelihoods.

iii. Market Development: The factory has stimulated
the development of ancillary industries, such as
transportation and packaging.

Table 18: Feedstock Availability in Benue State (2022)
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Current State of Ethanol Production in Benue State
Feedstock Availability

Benue State's agricultural output provides a reliable
supply of feedstocks for ethanol production. The state
produces over 4 million metric tons of cassava and 1.5
million metric tons of maize annually, making it a prime
location for ethanol production. Table 18 summarizes the
availability.

S/N  Feedstock Annual Production Ethanol Yield Total Ethanol Potential
(Metric Tons) (Liters/Ton) (Million Liters)
1 Cassava 4,000,000 150 600
2 Maize 1,500,000 400 600
3 Sugarcane 200,000 70 14
Production Output goals as presented in Table 19. The ethanol is used for
The Makurdi ethanol factory currently produces various applications, including fuel blending, industrial

approximately 18.25 million liters of ethanol annually,
contributing significantly to the state's renewable energy

solvents, and disinfectants.

Table 19: Ethanol Production Output in Benue State (2022)

S/N Metric Value

1 Annual Ethanol Production 18.25 million liters

2 Primary Applications Fuel blending, Industrial use
3 Market Reach Local and regional markets

Challenges in Ethanol Production

Despite the progress made, several challenges hinder the
full realization of ethanol production potential in Benue
State:

i. Infrastructure Limitations: Inadequate storage and
transportation infrastructure affects the efficiency
of feedstock supply and ethanol distribution.

ii. Funding Constraints: High operational and
maintenance costs limit the factory's ability to scale
up production.

iii. Technical Expertise: A shortage of skilled
personnel in ethanol production and maintenance
poses a challenge to optimal operations.

Economic and Environmental Impacts
Economic Benefits

i. Job Creation: The factory has created direct and
indirect employment opportunities, boosting the
local economy.

ii. Farmer Empowerment: Local farmers benefit from
a stable market for their cassava and maize,
improving their income and livelihoods.

iii. Energy Security: Ethanol production reduces
dependence on imported fossil fuels, enhancing
energy security in the state.
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Environmental Benefits

i. Reduced Carbon Emissions: Ethanol combustion
produces fewer greenhouse gases compared to
fossil fuels, contributing to climate change
mitigation.

ii. Waste Utilization: Agricultural residues are utilized
for ethanol production, reducing waste and
promoting sustainable practices.

Future Prospects and Recommendations
Scaling Up Production
i. Expansion Plans: The factory has plans to increase
its production capacity to 100,000 liters per day by
2025, leveraging advancements in production
technology.

ii. Diversification of Feedstocks: Exploring the use of
additional feedstocks, such as sugarcane and
agricultural residues, can enhance production
efficiency and sustainability.

Policy Support
1. Government Incentives: Financial incentives, such
as tax breaks and subsidies, can encourage
investment in ethanol production and infrastructure
development.
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ii. Public-Private Partnerships: Collaboration between
the government, private sector, and local
communities can drive the growth of the ethanol
industry.

Capacity Building

i. Training Programs: Providing training and
technical support to farmers and factory workers
will improve production efficiency and product
quality.

ii. Research and Development: Investing in R&D to
develop advanced production technologies and
high-yield feedstocks  will enhance the
competitiveness of the ethanol industry.
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The ethanol production factory in Makurdi represents a
significant milestone in Benue State's efforts to harness
its agricultural resources for renewable energy
production. The factory has demonstrated the feasibility
of large-scale ethanol production, creating economic
opportunities and contributing to environmental
sustainability. However, addressing the challenges of
infrastructure, funding, and technical expertise is
essential for scaling up production and realizing the full
potential of ethanol as a renewable energy source in
Benue State. Table 20 presents Summary of Ethanol
Production in Benue State.

Table 20: Summary of Ethanol Production in Benue State (2022)

S/N Metric Value

1 Annual Ethanol Production 18.25 million liters

2 Primary Feedstocks Cassava, Maize

3 Employment Created 200+ jobs

4 Market Reach Local and regional markets

Ethanol-Powered Generators:
Analysis

Ethanol-powered generators are emerging as a
sustainable alternative to traditional fossil fuel-based
generators, offering numerous environmental and
economic benefits. Ethanol, a renewable biofuel, can be
produced from various biomass sources, making it an
attractive option for power generation, particularly in
regions with limited access to reliable electricity. This
article provides a detailed analysis of ethanol-powered
generators, covering their working principles,
advantages, challenges, and applications. The discussion
is supported by relevant statistics, case studies, and
diagrams.

A Comprehensive

The Need for Sustainable Power Generation

The increasing demand for reliable and sustainable power
generation has led to the exploration of alternative energy
sources. Traditional generators, which rely on diesel and
gasoline, are associated with high emissions, fuel costs,
and environmental degradation. Ethanol-powered
generators offer a cleaner and more sustainable solution.

Ethanol as a Renewable Fuel

Ethanol (C:HsOH) is a biofuel produced through the
fermentation of sugars derived from biomass. It is a
clean-burning fuel with a high octane rating, making it
suitable for use in internal combustion engines and fuel
cells. Ethanol can be produced from various feedstocks,
including sugarcane, corn, cassava, and agricultural
residues.

Working Principles of Ethanol-Powered Generators
Internal Combustion Engines

Ethanol-powered generators typically use internal
combustion engines (ICE) to convert the chemical energy
of ethanol into mechanical energy, which is then
converted into electrical energy. The working principles
are similar to those of gasoline or diesel engines but with
some modifications to accommodate ethanol's properties.

Engine Modifications

i. Fuel System: Ethanol has a higher octane rating but
lower energy density compared to gasoline. Engines
may require modifications to the fuel injection
system and carburetor to optimize performance.

ii. Material Compatibility: Ethanol can be corrosive to
certain materials, necessitating the use of ethanol-
compatible components in the engine.

Fuel Cells

Ethanol can also be used in fuel cells to generate
electricity through an electrochemical process. Ethanol
fuel cells offer higher efficiency and lower emissions
compared to internal combustion engines.

Direct Ethanol Fuel Cells (DEFC)

1. Anode Reaction: Ethanol is oxidized at the anode,
producing electrons and protons.

ii. Cathode Reaction: Oxygen is reduced at the
cathode, combining with protons and electrons to
form water.

iii. Overall Reaction: The overall reaction produces
electricity, water, and carbon dioxide.
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Advantages of Ethanol-Powered Generators
Environmental Benefits

i. Reduced Emissions: Ethanol combustion produces
fewer greenhouse gases and pollutants compared to
diesel and gasoline.

ii. Renewability: Ethanol is derived from renewable
biomass sources, making it a sustainable fuel
option.

iii. Waste Utilization: Ethanol production can utilize
agricultural residues and waste materials, reducing
landfill use.

Economic Benefits

i. Local Production: Ethanol can be produced locally,
reducing dependence on imported fuels and
enhancing energy security.

ii. Cost Savings: Ethanol-powered generators offer
lower operational costs compared to diesel
generators, particularly in regions with abundant
biomass resources.

iii. Job Creation: Ethanol production and distribution
can create jobs in agriculture, manufacturing, and
logistics.

Compatibility with Existing Infrastructure

i. Blending with Gasoline: Ethanol can be blended
with gasoline to create ethanol-gasoline blends
(e.g., E10, E85), which can be used in existing
generators with minimal modifications.

ii. Flex-Fuel Generators: Flex-fuel generators can run
on any blend of ethanol and gasoline, offering
flexibility and reducing dependence on fossil fuels.

Challenges and Limitations
Technical Challenges

i. Engine Modifications: Existing generators may
require modifications to run efficiently on ethanol,
increasing initial costs.

ii. Storage and Handling: Ethanol is hygroscopic and
requires proper storage to prevent contamination
and degradation.

iii. Energy Density: Ethanol has a lower energy density
compared to gasoline and diesel, resulting in higher
fuel consumption.

Economic Barriers
i. Initial Investment: The setup cost for ethanol
production facilities and modified generators can be
high.
ii. Market Competition: Ethanol must compete with
cheaper fossil fuels, which are often subsidized.

Policy and Regulatory Issues
i. Lack of Incentives: There is limited government
support for ethanol production and utilisation.
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ii. Land Use Conflicts: The expansion of ethanol
feedstock cultivation may compete with food
production, raising concerns about food security.

Applications of Ethanol-Powered Generators
Telecommunications

Ethanol-powered generators can provide reliable power
for base transceiver stations (BTS), routers, and
repeaters, particularly in off-grid and rural areas.

Residential and Commercial Use

Ethanol-powered generators can be used for backup
power in homes, offices, and small businesses, offering a
cleaner and more sustainable alternative to diesel
generators.

Industrial Applications
Ethanol-powered generators can be used in industries for
primary or backup power, reducing operational costs and
environmental impact.

Case Studies

Ethanol-Powered BTS in Rural Nigeria

A pilot project in a rural community in Nigeria
demonstrated the feasibility of using ethanol-powered
generators to power a BTS. The project achieved a
**30% reduction in operational costs** and improved
network reliability.

Ethanol-Powered Generators in Brazil

Brazil, a global leader in ethanol production, has
successfully implemented ethanol-powered generators in
various sectors, including telecommunications and
agriculture. The use of ethanol has significantly reduced
greenhouse gas emissions and enhanced energy security.

Future Prospects and Recommendations

Research and Development

i. Technology Innovation: Research should focus on
improving the efficiency and performance of
ethanol-powered generators.

ii. Advanced Fuel Cells: Developing advanced ethanol
fuel cells can offer higher efficiency and lower
emissions.

Policy Support

i. Government Incentives: Financial incentives, such
as subsidies and tax breaks, can encourage
investment in ethanol production and generator
modifications.

ii. Public-Private Partnerships: Collaboration between
the government, private sector, and local
communities can drive the adoption of ethanol-
powered generators.
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Community Engagement

i. Awareness Campaigns: Educating stakeholders
about the benefits of ethanol-powered generators can
drive consumer acceptance and demand.

ii. Capacity Building: Training local technicians to
maintain and operate ethanol-powered generators
can enhance their adoption and sustainability.

Ethanol-powered generators offer a sustainable and

efficient alternative to traditional fossil fuel-based

generators. With their environmental benefits, economic

Table 21: Energy Density of Common Fuels
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potential, and compatibility with existing infrastructure,
ethanol-powered generators can play a crucial role in
addressing the energy challenges faced by various
sectors. However, addressing the technical, economic,
and policy barriers is essential for widespread adoption.
This analysis provides a foundation for further research
and policy development to enhance the sustainability and
efficiency of ethanol-powered generators. Table 21
presents the energy density of common fuels to further
show ethanol as an efficient alternative fuel.

S/N Fuel Type Energy Density (MJ/L)
1 Ethanol 21.2
2 Gasoline 322
3 Diesel 35.8
CONCLUSION a sustainable energy source and its potential to drive

The review underscores the potential of ethanol as a
sustainable and renewable energy source for powering
telecommunications devices in Benue State. Given the
state's rich agricultural resources, ethanol production can
be harnessed to address energy challenges in the
telecommunications sector, particularly in underserved
areas. The environmental advantages of ethanol,
including reduced greenhouse gas emissions and
decreased reliance on fossil fuels, align with global
efforts to combat climate change. However, the
successful adoption of ethanol as an energy source
requires addressing key challenges such as optimizing
production processes, ensuring cost-effectiveness, and
establishing supportive policies and infrastructure. With
proper investment and strategic planning, ethanol can
play a pivotal role in enhancing energy security and
supporting the growth of telecommunications in Benue
State.

RECOMMENDATIONS

To fully realize the potential of ethanol as a renewable

energy source for telecommunications in Benue State, the

following recommendations are proposed:

i. Investment in Ethanol Production: Encourage public
and private sector investment in ethanol production
facilities to ensure a steady and reliable supply of
ethanol for energy generation.

ii. Research and Development: Support research
initiatives to improve ethanol production efficiency,
reduce costs, and develop technologies tailored for
ethanol-powered telecommunications devices.

iii. Policy Framework: Develop and implement policies
that promote the use of renewable energy sources,
including ethanol, in the telecommunications sector.
This could include incentives for companies
adopting ethanol-powered systems.

iv. Public Awareness: Launch awareness campaigns to
educate stakeholders about the benefits of ethanol as
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socio-economic development.
v. Collaboration: Foster collaboration between
agricultural stakeholders, energy providers, and

telecommunications companies to create a
sustainable ecosystem for ethanol production and
utilization.

By implementing these recommendations, Benue State
can leverage its agricultural resources to address energy
challenges, improve telecommunications infrastructure,
and contribute to a greener and more sustainable future.
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