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Promoting the use of bioenergy in
developing nations: a CDM route
to sustainable development
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Oluseyi O. Ajayi' and Sandip A. Kale?

'Department of Mechanical Engineering, Covenant University, Ota, Nigeria, 2School of Chemical and
Metallurgical Engineering, University of the Witwatersrand, Johannesburg, South Africa, *Department of
Mechanical Engineering, Trinity College of Engineering and Research, Pune, India

The study focused on a forensic assessment of bioenergy utilization in developing
countries, emphasizing how to improve bioenergy resources for a sustainable
economy and development. First, a holistic review of energy sources and their
impacts on sustainable development was highlighted. The study also looked at the
relationships between various energy sources, both the supply and demand of
energy, as the population statistics in developing countries. However, renewable
energy is yet to be harnessed fully as it lagged by 0.7%. Shockingly, the African
continent is backward in both the global energy supply and in tapping renewable
energy sources, as only 6% is contributed. More so, applying a clean development
mechanism (CDM) for energy utilization and control shows that net emission
reduction and global temperature reduction of 1.5°C by 2030 is attainable. Thus,
helping to realize low-cost and sustainable energy (SDG 7) and sustainable cities
and communities (SDG11). Further, the assessment of the level of bioenergy
availability and its utilization shows that 10% of the world’s energy is provided
by bioenergy. Interestingly, it is available in every region in the form of biomass.
The study is helpful for stakeholders, policymakers, and governments managing
the affairs of the energy sector on the need to formulate policy that will guide
effective bioenergy utilization and reduction in greenhouse gas emissions,
especially in developing countries thereby, promoting sustainable
economic growth.

KEYWORDS

bioenergy, clean development mechanism, climate change, energy consumption,
sustainable development goal

Abbreviations: BETs, Bioenergy Technologies; BECCS, bioenergy with carbon capture and storage; CCS,
carbon capture and storage; CDM, clean development mechanism; EJ, Exajoule; EU, European Union;
FAO, Food and Agriculture Organization; GHG, greenhouse gas; GTOE, giga-tonnes of oil equivalent; GW,
Giga Watt; IEA, International Energy Agency; IPCC, Intergovernmental Panel on Climate Change; IRENA,
International Renewable Energy Agency; LPG, Liquefied petroleum gas; MDGs, Millennium Development
Goals; NZE, Net Zero Emissions; OECD, Organisation for Economic Co-operation and Development;
PROALCOOL, Programa Nacional do lcool; SDG, Sustainable Development Goal (SDG); SAS, Sustainable
Africa Scenario; TFEC, total final energy consumption; TPES, Total primary energy supply.
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1 Introduction

The cornerstone of the contemporary industrial economy is
energy. Energy is a fundamental component of nearly all human
activities. It promotes transportation, education, health, food storage
and production, mineral extraction, and industrial development,
among other functions (Ostergaard et al., 2020). Without providing
a sizable section of its population with at least some access to energy
services, no nation has been able to develop its economy far above a
subsistence level. Modern energy services are a powerful force for
social and economic growth. People’s daily lives are influenced by
their financial status and available energy resources. However, it is
paramount to acknowledge that consumers will like to know what
other services that energy can give apart from fuel and electricity
(Johansson et al., 2012; Ostergaard et al., 2020).

Energy is necessary for development, and renewable energy
systems are required for sustainable development (Kartha and
Larson, 2000; Johansson et al., 2012; @stergaard et al., 2020).
Significant 21st-century challenges, including climate change,
economic and social growth, human wellbeing, and international
security, are addressed mainly by energy (Johansson et al., 2012).
Energy has been recognized as a crucial resource for facilitating any
country’s social and economic operations. As a result, issues related
to sustainable development, including reducing poverty, advancing
women, protecting the environment, and creating jobs, are strongly
correlated with a lack of energy services (Kartha and Larson, 2000).
There are still billions of individuals without privilege to up-to-date,
essential energy facilities that must be met and developed. Emerging
economies must also participate in the global switch to clean, low-
carbon energy systems. Past development rates toward greater
adeptness, carbon reduction, greater fuel variety, and decrease in
pollutant emissions need further acceleration (Dilip and Marika,
2009). Concern about advancing renewable energy has been greatly
rekindled by growing worries about global warming and worldwide
energy safety caused by emissions of toxic gases released when fossil
fuels are burned. These worries have also sparked a concerted
response to the global push for a clean development mechanism,
a fundamental policy recognized under the Kyoto Protocol.
Residents outside of cities with little connection to centralized
grid networks’ electricity have a great deal to hope for, thanks to
the utilization of biomass for sustainable, dispersed generating
electricity (Mohammed et al, 2014). Many difficulties are
associated with the current rise in the human population
worldwide. In emerging nations, where almost 2 billion persons
do not have privilege to a modern energy source, electricity and
energy demands are rising as nations and regions work to improve
their economies.

Additionally, to satiate the rising demand for necessities by
urban and rural residents, worldwide climatic change and the
fickleness of using petroleum products have sparked the quest for
sustainable and ecologically acceptable alternative forms of energy
(Oyedepo et al,, 2019; Buraimoh et al., 2020). This has caused a
substantial rise in the usage of bioenergy as a remedy that can
integrate energy security with environmental conservation without
inherently jeopardizing human nutrition (Shahare et al., 2017). The
world’s energy demand is currently being significantly reduced
thanks to bioenergy, and its place in the future synthesis of
energy supplies is likely to grow significantly. Bioenergy can help
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address issues with energy access, open doors for social and
economic growth in rural areas, support local energy security,
enhance resource and waste management, lessen greenhouse gas
emissions, and have other progressive effects on the surroundings
(Johansson et al., 2012).

This study aims to present the recent research in bioenergy
technology, which will serve as a blueprint for sustainability by
employing a clean development mechanism.

1.1 Global energy supply and demand

Fossil fuels has been the primary supply of energy for years right
from the emergence of the Industrial Revolution. The primary
energy sources on the planet are coal, oil, and gas. Coal, oil, and
natural gas have significantly increased their primary energy supply
since 2000, while renewable energy sources have seen a 48% growth.
The pattern has remained consistent in recent years (Wilkinson and
Herrera, 2010; Lebre La Rovere et al., 2011). Between 2016 and 2017,
fossil fuels market increases more than that of renewable energy.
Renewable energy is trailing (0.7%), whereas coal, oil, and natural
gas contributed to the 1.6% rise in the primary power source
between 2016 and 2017 (Pousa et al,, 2007; HLPE, 2014; IEA,
2016). Most emerging countries use solid biofuels, especially
South Asia and Liquid biofuels for
transportation make up 0.5% of the world’s total primary energy

sub-Saharan Africa.

supply and 4% of the renewable energy available worldwide. Even
though they have risen the fastest since 1990 (about 15% yearly)
compared to other biofuels, biogases still only make up 1.5% of the
world’s renewable energy supply. Although the growth rate of solid
biofuels was relatively modest (1% per year), that of liquid biofuels
was equally spectacular (11% per year) (IEA, 2014). In 2010, the
world’s two largest bioenergy producers were China and India,
which  produced 20% and 17% of
(Bennamoun, 2022). Compared to about 25% in India, bioenergy

them, respectively
makes up less than 10% of China’s total primary energy supply
(TPES). Nigeria and the United States’ third and fourth most
significant bioenergy producers, respectively, had a bioenergy
contribution to total primary energy supply (TPES) of above 80%
and below 4%, in 2010. This exemplifies the distinction between
industrialized and developing nations: in OECD nations, bioenergy
often makes up a small portion of the total primary energy supply
(TPES), whereas in developing non-OECD nations, it typically
serves as the principal energy source.

To achieve a 20% share of renewable energy consumption by
2020, the European Union (EU) recently set legally obligatory goals.
Due to the complicated environmental effects of biofuels and the
competition for land between the production of bioenergy
feedstocks, food, feed, and biomaterials, there is concurrently
growing concern about a sustainable and dependable supply of
biofuels. Contrarily, there is much room for improvement in the
efficiency of bioenergy production, which currently ranges from 5%
to 15% of power and heat production. Given the uncertainties
mentioned earlier, projections of bioenergy’s contribution to the
TPES differ substantially, from less than 100 EJ annually to more
than 400 EJ in 2050. Contrary to current expectations, agricultural
bioenergy resources are predicted to be the primary resource
(IEA, 2014).
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(Continued).

Using quantitative projections, the Matsuo study (Matsuo  an economic model to predict significant rise in Asian demand for

et al., 2013) examines the interaction between Asia and the  fossil fuels. To maintain stability in the global energy supply and
demand, it will be essential to continue making wise investments in

resource development in the Middle East. The Middle East is

Middle East to determine energy supply and demand in Asia
and other parts of the world until 2035. The authors developed
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FIGURE 1

(Continued). Cont'd: Monitoring the development of major energy system elements to reach the 1.5°C Scenario (Maltsoglou et al., 2013; IEA, 2014;

IEA, 2016; IRENA, 2022).

anticipated to concentrate more on its exports of fossil fuels to Asia
while its shipments to North America and Europe are predicted to
fall. According to Matsuo (Matsuo et al., 2013), there will be an
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increase in interdependence between the major energy-producing

and consuming regions (Matsuo et al., 2013; Yang et al,, 2019;

Rather et al., 2022).
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1.2 Net zero emission, 1.5°C, and
world energy

The report of IPCC Sixth Assessment presented a challenge of
achieving reducing global temperature increase by 1.5°C and also
reducing greenhouse gas emissions to net zero. This goal seems
impossible due to the world’s vulnerable teeming population that is
ravaged by the impact of climate change induced by fire, flood, and
drought. A timeframe goal of 2030 by the sustainable development
agenda is to reduce emissions drastically and provide clean energy.
Clean energy is the corrector to climate change impacts (Maltsoglou
et al,, 2013; IEA, 2014; IEA, 2016; IRENA, 2022).

More
advancements at the core of their strategy for combating climate
change, as well as for economic growth, energy security, and

and more nations are putting these technical

universal access. Although there is a compelling commercial case
for renewable energy, progress is still being stymied by entrenched
impediments that were put in place by systems and institutions
designed for the fossil fuel age. Reducing CO, emissions by about
37 gigatonnes (Gt) from 2022 levels and attaining net-zero emissions
in the energy sector by 2050 are necessary to regulate global
warming to 1.5°C. Figure 1 presents the progress of energy
systems (Maltsoglou et al, 2013; IEA, 2014; IEA, 2016;
IRENA, 2022).

To achieve the 1.5°C objective between 2023 and 2030, an
average yearly expenditure is needed. All investment data from
recent years is presented in USD as of today. Future investments are
required in district heating, biofuels, and novel bio-based fuels.
Future investments in energy efficiency and conservation will go
toward energy recovery, chemical and mechanical recycling, and
organic and bio-based plastics. Green hydrogen’s market share will
increase from 40% in 2030 to 94% in 2050. Future expenditures are
required in infrastructure, H, stations, bunkering facilities, and
electrolyzers. Hydrogen, other fuel supplies, power and heat,
industry, and direct air capture of operational facilities are all
included in the electrolyzer’s capacity to capture CO, during the
processing of natural gas (Maltsoglou et al., 2013; TEA, 2014; TEA,
2016; IRENA, 2022).

In the 1.5°C Scenario, power production will more than triple
between 2020 and 2050, with renewable energy accounting for 91%
of all electricity supply, up from 28% in 2020 as shown in Figure 2.
Power generation based on coal and oil would see a steep fall over
the following 10 years until being completely phased out by the
middle of the century. Nuclear power plants would supply the
remaining 4% of the world’s electricity requirements by 2050,
with natural gas covering 5% of that total. The shift is
characterized by a synergy between renewable energy sources
that are becoming more accessible and the widespread use of
electric technology for end-use applications, particularly in
The of heat,
transportation, and other end uses suggests that to achieve the
1.5°C target by the end of 2050, the world’s renewable power

transportation and heating. electrification

generation capacity will need to increase by a factor of
approximately 12 (Maltsoglou et al.,, 2013; IEA, 2014; IEA, 2016;
IRENA, 2022).

By scaling up, the proportion of renewable energy in total final
energy consumption (TFEC) would increase from 18% in 2020 to
82% by the year 2050. According to the 1.5°C Scenario, electricity
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will take over 50% of TFEC, making it the primary energy
transporter as shown in Figure 3. The use of renewable energy,
increases in energy efficiency, and electrification of end-use
industries all contribute to this trend. By 2050, it is anticipated
that modern biomass and hydrogen will contribute 16% and 14% of
TFEC, respectively, to the global energy mix.

Especially noteworthy is the prediction that 94% of hydrogen
production will originate from renewable sources, demonstrating a
rising reliance on clean energy sources. The roadmap also indicates a
potential trend toward decarbonization and a more sustainable
energy future, with TFEC falling by 6% between 2020 and 2050
(IEA, 2014; IEA, 2016; IRENA, 2022).

Only energy consumption is depicted in Figure 3; non-energy
uses are not included. In terms of energy usage, renewable sources
account for 28% in 2020 91% in 2050 for electricity, 7% and 84% in
2050 for district heating, and 94% in 2050 for hydrogen (direct use
and e-fuels) from renewable sources (IEA, 2014; IEA, 2016;
IRENA, 2022).

Total hydrogen consumption is accounted for by hydrogen
(direct usage and e-fuels). All forms of direct power generation,
including nuclear, fossil fuel-based, and renewable energy sources,
are included. The residential TFEC of solid biofuels in non-OECD
nations is referred to as one of the traditional uses of biomass.
Modern bioenergy applications include the use of liquid biofuels
mostly in transportation but also in buildings, industry, and other
end consumption, as well as solid biomass, biogas, and biomethane
used in industry and buildings. Natural gas (used mostly in industry
and transportation, and to a lesser extent in buildings), oil (used
primarily in industry and transportation, and to a lesser extent in
buildings), and coal (used in industry for making cement, chemicals,
iron, and steel) will all still be considered fossil fuels in 2050 (IEA,
2014; IEA, 2016; IRENA, 2022). District heating and the use of
alternative renewable energy sources are some others. Organization
for Economic Co-operation and Development, exajoule, and total
final energy consumption (TFEC) all stand for energy (IEA, 2014;
IEA, 2016; IRENA, 2022).

Due to improved energy efficiency and the expansion of
renewable energy sources, the global primary energy supply stays
steady. By 2050, renewable energy will account for 77% of the
primary energy supply, up from 16% in 2020. A combination of end-
use electrification, renewable fuels, and direct applications would
substantially alter the energy balance, increasing the share of
renewable energy in the total primary energy supply by a net
61 percentage points. For the global climate targets to be met,
this level of renewable energy penetration must be attained,
which would require major financial and legislative assistance as
well as ongoing innovation (Maltsoglou et al, 2013). The
implementation of a variety of policy and technology measures,
including many already-existing solutions, can help meet the 1.5°C
climate objective (IEA, 2014; IEA, 2016; IRENA, 2022).

1.3 Energy consumption pattern in
developing countries

A sufficient energy supply is a requirement for the growth of the

economy, culture, and society in complex civilizations (Junginger
et al,, 2011). However, a lack of energy will impact all social and
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Total ultimate energy use between 2020 and 2050, broken down by energy carrier, under the 1.5°C Scenario (IEA, 2014; IEA, 2016; IRENA, 2022).

economic progress facets. In contrast, energy use is believed to be the
primary underlying factor contributing to greenhouse gas emissions
and climate change. The World Resources Institute estimates that
the energy sector is responsible for 61.4% of all greenhouse gas
emissions. According to Energy Information Agency predictions,
population expansion and economic development will cause a
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significant rise in energy demand in the upcoming years (Suzuki,
2015). Most of this rise will occur in poorer countries, where from
2004 to 2040, energy consumption will rise from 46% to 58% of total
consumption. Energy demand is anticipated to increase by 0.9%
annually in developed nations, compared to 3% annually for
emerging nations (Bakhtiar et al, 2020). Oil, coal, and gas, in
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particular, are responsible for a large portion of the increase in
worldwide energy use (Ravindranath and Rao, 2011). Around
9.25 GTOE of fossil and renewable energy are now consumed
globally, 3.8 of them in developing nations. It is anticipated that
by 2050, global consumption will at least double and most likely
quadruple. Energy consumption will rise faster in developing
nations than in industrialized nations (Bofiner et al., 2019).
According to the World Energy Council, nearly one-third of the
total primary energy consumed by developing nations will come
from renewable sources, increasing from 1.09 to 3.23 GTOE (Gielen
et al., 2019).

Energy consumption has increased along with economic
expansion in developing nations (Chirambo, 2018; Ebhota and
Jen, 2020). The energy demand of emerging countries nearly
doubled between 2000 and 2015, from roughly 3,750 million
tonnes (metric) to 7,000 million tonnes (metric) of oil equivalent
(Oyedepo, 2012). Their GDP has increased by a factor of four since
2000. Demand in wealthy countries, however, remained unchanged
during that time (Kumar and Samadder, 2017). Nearly six billion
people in the developing world already consume most of the world’s
energy, and over the next 15 years, their demand is anticipated to
rise by another 30%. The consumer class in emerging countries is
increasing and becoming wealthier, driving up energy consumption
as they buy more goods and services that raise living standards (such
as housing, transportation, healthcare, and education) and are
driven in huge part by quickly growing economies (Balzani and
Armaroli, 2010).

Developing countries must overcome challenges to secure a
sufficient energy supply to meet their rising demand. Developing
nations must amass tremendous amounts of new energy resources to
meet this need. They will have to decide which fuels to provide, how
much energy will be produced domestically and imported, and what
kind of infrastructure will be used for energy production and
distribution, among other strategic decisions. These decisions will
be greatly influenced by various exogenous and endogenous
variables, the cost, the accessibility of funds, and the inclinations
for particular policies (such as those that address environmental
consequences) (Chavez et al., 2020).

Many people also use energy-intensive forms of consumption,
such as owning cars. After China, India is expected to surpass the
United States as the world’s second-largest market for passenger
cars. From 42 million units sold in 2017 to 58 million in 2024, light
vehicle sales are anticipated to grow from 42 million units sold in
2017 to more than half of global sales in that year. This growth is
expected in South America and Asia’s developing nations. As they
try to satisfy these customers’ needs for goods and services,
neighbourhood companies and enterprises are using more and
more energy. Additionally, governments and the public sector
typically use a lot of energy to provide various social,
commercial, and administrative services (including security,
utility-based power, healthcare, and education) (Nejat et al., 2015;
Bharathiraja et al., 2018).

This demand’s energy mix will affect various nations in several
different ways. The burning of indigenous coal versus imported
natural gas for heating and the environmental issues associated with
diesel use as opposed to electric vehicles are just a few examples of
how different fuels have various properties. The sort of fuel demand
will also depend on the source of the use. For instance, whereas
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electricity, which can be generated using renewable or fossil fuels,
powers air conditioning services (which are anticipated to grow
significantly throughout rising nations), heat for industrial processes
has typically necessitated the burning of fossil energies (Petinrin and
Shaaban, 2015).

Africa has myriads of challenges such as pollution, inadequate
funding for clean energy, negative effect of COVID-19 and the
Ukraine-Russia war affecting energy price and supply. Despite all
of these challenges, the move to renewable energy globally offers
new hope for the economic and social advancement of Africa. As of
May 2022, nations that contributed negatively to over 70%
emission of CO, promised to reduce the emissions to a barest
zero by 2050. 12 nations in African that were major contributors by
40% showed commitment to reducing CO, emissions. With the
cost of clean technologies falling and global investment changing,
these goals are assisting in reorienting the global energy system
(IRENA, 2022).

Africa needs affordable energy now more than anything else.
The Sustainable Africa Scenario (Sovacool and Monyei, 2021;
IRENA, 2022) estimates that it will take 90 million people per
year, or three times as many as in recent years, to be connected to
attain universal access to reasonably priced power by 2030. Nearly
600 million people globally that amount to 40% do not have access to
electrical energy, mainly the Sub-Saharan Africa. It is worth
emulating that Ghana, Rwanda, and Kenya are on track to attain
full access to energy by 2030. Study reveals that for over 45% of
those, expanding national grids is the most cost-effective and wisest
solution (Sovacool and Monyei, 2021; IRENA, 2022).

Over the 2020-30 decade, the supply of contemporary primary
energy will increase by 30 percent, whereas traditional cooking with
bioenergy will be eliminated due to widespread access to modern
fuels and technologies. Even so, the average worldwide energy
consumption per person is still less than one-third (Sovacool and
Monyei, 2021; IRENA, 2022). SAS plan to reduce resident energy
demand by 2030 in sub-Saharan Africa by ensuring that everyone
has access to cleaner, more efficient energy sources for cooking, such
as electricity, natural gas, and oil products. This is because
improvements in efficiency more than offset rising underlying
demand for cooking as presented in Figure 4. More than
offsetting the 180%, 0.7 EJ, rise in energy demand for other
household uses (appliances, cooling, and lighting), the energy
demand for cooking decreases by 66%, or 7.5 exajoules (EJ).
Cooking energy supply are reduced by a factor of two when
moving to upgraded biomass cookstoves, and by a factor of half
to over 90% when transiting to the modern solid biomass stoves-
type, biogas-type, bioliquids-type, and LPG, which depends on the
original cooking-ware used and the current remedy implemented.
The most effective cooking appliances are electric stoves, which are
becoming more and more significant in the mix of cooking energy
(Sovacool and Monyei, 2021; IRENA, 2022). From Figure 5, As
nearly one billion people move from traditional use of biomass to
more efficient cooking fuels by 2030, traditional usage of bioenergy
has the greatest fall in use in Africa. In South Africa, as the use of coal
as a fuel for family cooking is phased out and the use of natural gas in
the industry increases, demand for coal is falling in end-use
industries. The highest gains in demand for electricity, oil
products, and modern bioenergy are expected between now and
2030, but these are more than compensated by a decline in the use of
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solid biomass in conventional methods (Sovacool and Monyei, 2021;
IRENA, 2022).

2 Overview of biomass as a sustainable
energy source

The utilization of biological products (also known as biomass)
specifically for energy purposes is referred to as “bioenergy.” Energy
utilization includes the generation of heat and power from biomass
and the secondary processing of biomass into biofuels for the
transportation industry. The energy present in biofuels is
regarded as primary energy. The same is valid for charcoal,
biogas, pellets, etc. The term “bioenergy” refers to all energy
produced by biofuels, substances with a biological origin known
as biomass (Li and Hu, 2017). The most significant global source of
renewable energy was presented by Haberl (IEA, 2012). Using
Figures 6, 7, the primary energy supply from biomass as a whole
fell by 0.9 EJ in 2017 to reach 55.6 EJ, practically matching the
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previous year’s level. The biomass supply decreased for the first time
since 2010 during this time. Despite reducing the supply, biomass
continues to play a noteworthy part in providing energy from
sustainable sources, concerning 70% of the overall renewable
stream. The biomass contribution has been steadily declining
since 2000. It is vital to remember that historically, biomass used
for cooking and heating in underdeveloped countries accounts for
the majority of the worldwide supply of biomass. Present-day
bioenergy sources will perform a noteworthy measure in the
subsequent mix of sustainable energy sources as their utilization
as wood pellets, biogas, and liquid biofuels increases.

Because biomass accounts for 96% of all sustainable energy
sources in Africa, its significance in some regions’ energy mix is self-
evident. It also has much higher shares in Europe (59%) and the
Americas (59%), as well as Asia (65%). The accessibility of a range of
feedstock (agricultural, forestry) to create useable final products
(biodiesel, bioethanol, biogas, wood chips, and pellets) aimed at
power, heat, and transport usage promotes the growth of the
bioenergy industry globally.
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Tesfamichael et al,, 2021).

2.1 Feedstock for bioenergy

Local wood resources are used to produce the majority of
bioenergy. According to FAO statistics, four billion plus hectares
(ha), or about 30% of the globe’s land surface, are covered in
2021). The United States

forests (Tesfamichael et al.,

Frontiers in Energy Research

(305 million ha), Canada (311 million ha), the Brazilian
Republic (521 million hectares), Russia (810 million ha), and
China are the five forest-rich countries with the most significant
overall land area (207 million ha). India generated the most
wood fuel in 2011, followed by China, Brazil, Ethiopia,
and Nigeria.
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Using agricultural leftovers as a source of bioenergy is one of the
most potential areas for expansion. The sector’s share of global
bioenergy output is less than 3%. According to data, the globe could
produce between 4.2 billion tonnes (a low estimation) and 9.3 billion
tonnes (a high estimation) of energy yearly by using the residues
from all main crops. Using standard energy conversion, the
speculative energy potential from leftovers can range from
17.7 to 824 EJ. Cereals, mainly maize, rice, and wheat, would
make up most of the contribution. About 3%-14% of the globe’s
energy necessities might be met by energy production from
agricultural wastes (Shahid et al., 2021).

Globally, the forestry industry produces the most bioenergy
sources. More than 85% of the biomass utilized for energy
generation comes from forestry products such as wood chips,
charcoal, fuelwood, and pellets. One of the primary forest
products used in bioenergy production is wood fuel. In
underdeveloped nations in Asia and Africa, wood fuel is
primarily utilized for conventional cooking and heating
(FAOStat, 2019). The world’s energy consumption of wood fuel
was estimated to be 1.9 billion m®. (World Bioenergy Association,
2018). Urban and industrial waste used for energy, primarily in
metropolitan areas, is the third and last category for bioenergy
provision. Domestic waste to bioenergy supply in 2017 was 2.51 EJ,
of which 58% was municipal trash, and the residual was energy from
industrial waste (Pellegrini and Fernandez, 2018).

2.2 Biomass supply

The most significant renewable energy source, making up more
than two-thirds of the source of green energy, is bioenergy. Organic
material, sometimes referred to as biomass, which contains carbon
that plants consume during photosynthesis, is used to create
bioenergy. When this biomass is burned to provide energy, the
carbon is freed during combustion and is released back into the
atmosphere. Modern bioenergy is an almost emission-free fuel
because an equal quantity of carbon is absorbed as more biomass
is produced. Providing about 6% of the world’s energy supply and
55% of all renewable energy, it is the greatest source of renewable
energy in the world (Chong et al., 2021). Waste from the public and
private sectors and primary solid, biogas, and liquid biofuels are
specific categories for biomass sources (Wu et al., 2021).

From Figure 8, 355.6 EJ of biomass was utilized as fuel in 2017,
with 86% of the consumption going to main solid biofuels such as
wood chips, wood pellets, and fuelwood for heating and cooking. 7%
of the biomass was converted into liquid biofuels. Nearly equal
shares of biogas, municipal garbage, and industrial waste were
between 2% and 3% (Statistics and WBA Global Bioenergy, 2020).

Figure 9 shows that Asia, Africa, and the Americas have the most
extensive domestic biomass supply of all the continents. Asia and
Africa make up a significant amount of the world’s biomass due to
the widespread use of fuelwood and charcoal for heating and
cooking (Olabi et al., 2022). The Americas (the United States and
Brazil) produced a substantial number of liquid biofuels due to the
manufacture of bioethanol from corn and sugarcane, respectively.
More than 70% of the biofuels produced worldwide are produced in
this region collectively. Europe is a leader in the sector, providing
more than 50% of the biogas used worldwide. Due to the substantial
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Domestic supply of biomass (Olabi et al., 2022).

use of garbage to produce bioenergy, with two-thirds of the world’s
supply, Europe also has the highest supply of municipal waste.

In Africa, biomass energy accounts for over 30% of all energy
consumption, with over 80% occurring in the Sub-Saharan region.

Renewable energy is progressively spreading over the continent
with an annual growth rate of 21% between 2010 and 2020, a total
capacity of more than 58 GW (of which hydropower contributes
63%), and a total dimension of 12% of the total energy consumption.
Hydropower is the main source of renewable electricity in Africa,
with more than 37 GW of installed capacity. Africa’s overall capacity
for renewable energy as of 2022 was close to 59 GW. In compared to
the prior year, this represented an increase of over 5%, maintaining
the rising trend (Olabi et al., 2022). Globally speaking, less than 2%
of the total capacity was made up of renewable energy in Africa.

2.3 Benefits of bioenergy

The fact that bioenergy is accessible everywhere is one of its
main advantages. Municipal waste is found in every city, whereas
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TABLE 1 Theoretical potential of agricultural residues globally (Pellegrini and
Fernandez, 2018; World Bioenergy Association, 2018; Statistics and WBA
Global Bioenergy, 2020).

Residues (EJ)

Residues (million

tonnes)

Crops Low High Low High
Maize 1, 531 4, 541 5.66 35.6
Rice 771 2, 040 3.28 15.1
Wheat 619 1, 234 2.97 8.91
Barley 1.19 191 0.56 1.08
Millet 31.2 56.8 0.15 0.2
Oats 23.3 36.2 0.11 0.18
Rye 12.3 21 0.06 0.11
Sorghum 51.7 425 0.26 223
Olives 4.6 4.6 0.02 0.02
Rapeseed 106 151 0.77 1.10
Soybeans 352 1, 388 1.85 7.30
Sunflower 104 152 0.70 1.02
Oil Palm 111 141 0.14 0.66
Cassava 46.6 291 0.34 2.16
Sugarbeet 60.1 121 0.11 0.24
Sugarcane 367 1, 215 0.64 6.00
Total 2,660.99 1,590.6 17.62 81.91

biomass—which includes forestry products, crops, and leftovers—is
found in almost every nation worldwide. Utilizing locally accessible
resources to meet heating needs (such as hot water, space heating,
etc.) offers substitutes for imported crude oil. A large portion of the
biomass is produced globally in Europe and utilized for power plant
heating. Considering the prevalence of district heating systems and
the governmental emphasis on converting to renewable forms of
heating, the majority of biomass used for sustainable heating
originates in Europe, at 87%. A small amount of renewable
heating from biomass-based sources is also used throughout Asia
and the Americas. Europe has a high solar and geothermal energy
concentration among other sustainable heating sources (Elavarasan
et al,, 2020; Simionescu et al., 2020; Chabhadiya et al., 2021).

2.3.1 Bioenergy contribution to world total
energy supply

Around 10% of the world’s principal energy sources are
bioenergy (47.2 EJ of bioenergy out of 479 EJ in total in 2005, or
9.85 percent) (Martins et al., 2018). Most of these were used in the
residential market (heating and cooking). Bioenergy accounted for
78% of all renewable energy generated in 2005. Solid biomass makes
up about 97 percent of all biofuels, with the residential sector using
71 percent of them (Abas et al., 2017; Narayan and Doytch, 2017;
Reuter et al., 2017).

The gross final energy consumption in 2017 increased by 2%
over the previous year to 370 EJ. Oil and petroleum products
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account for 40% of all energy utilized globally, while coal and gas
each make up 20%. In 2017, the everyday use of crude oil made up
80 percent of the energy used worldwide. The proportion of
renewable energy in the world’s gross final energy consumption
fell to 17.7% in 2017 from 18.0% in 2016 (Abas et al., 2017; Narayan
and Doytch, 2017; Reuter et al, 2017). Bioenergy, or energy
generated from bio-based sources, is the most widely used type
of renewable energy. Seventy percent of the renewable energy use in
2017 was bioenergy. The utilization of traditional biomass sources
has been declining, which has contributed to a few percentage points
(about 0.5%-1%) annual declines in the input of bioenergy. Most
energy is consumed as heat, which is needed for industrial activities
and space heating in homes and businesses. Biomass, which
accounts for 96% of the market for renewable heat globally, is
one of the most often used renewable energy sources for
generating heating. One of the finest fossil fuel substitutes is fuels
made from biomass in the transportation sector (bioethanol,
biodiesel, etc.). In 2017, biofuels contributed 3.5E] to the
transportation industry or around 3% of the total.

Direct heating’s end-use segment is dominated by biomass.
About 94% of the renewable resources in these regions in
2017 came from the 40 EJ of biomass. The energy was consumed
for heating and cooking reasons in end-use sectors such as
household, business, agricultural, etc. 55.5 EJ of biomass was used
for energy in 2017, with fuelwood, wood chips, and wood pellets
accounting for 85% of the total consumption. Liquid biofuels were
produced from 7% of the biomass. Nearly equal shares of biogas,
municipal garbage, and industrial waste were between 2% and 3%.
Solid fuels account for over 85% of biomass energy consumption,
often inefficiently, for lighting, heating, and cooking. In emergent
nations, where biomass accounts for up to 95% of total national
energy consumption, traditional bioenergy (fuelwood and charcoal,
which can only produce heat) predominates. Modern biomass is a
low-carbon, distributed, renewable element of the national energy
matrix that is becoming more and more significant to nations. In
OECD nations, modern bioenergy use is expanding. Particularly co-
firing biomass materials in coal-fired boilers have grown during the
past several years, and some gasification technologies are almost
ready for market (Abas et al, 2017; Narayan and Doytch, 2017;
Reuter et al., 2017).

2.3.2 Potentials of bioenergy production

Due to the abundance of land on the continent, its choice due to
the expensive and limited fossil fuel supply, the large variety of
energy crops that may be cultivated there, and the resource’s
inherent greenness, biomass has a great potential in Africa
(IEA, 2019).

The use of agricultural leftovers as a source of bioenergy is one of
the most potential areas for expansion as shown in Table 1.
Currently, the sector’s share of global bioenergy output is less
than 3%. Agriculture leftovers, such as straw and husk, can,
nevertheless, make up a significant portion of the production of
bioenergy due to the growing demand to replace fossil fuels in power
plants that generate heat and electricity with sustainable, renewable,
and dispatchable energy sources. Agriculture residues not only
replace fossil fuels and cut emissions, but they also address the
environmental problem brought on by the annual burning of harvest
remains in developed nations like China and India. Considering that
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50% of the residues must be left on the field for soil quality reasons,
there is a tremendous opportunity for using agricultural residues.
Figures 10-12 show that the world could generate between
4.3 billion tonnes (the low estimate) and 9.4 billion tonnes (the
high estimate) of energy each year by using the leftovers from all
significant crops, according to data. Using conservative moisture
content and fuel energy contents as well as standard energy
conversion coefficients for residues, the theoretical energy
potential can range from 17.8EJ to 82.3EJ. From Table I,
cereals, mainly maize, rice, and wheat, would make up most of
the contribution (Wu et al., 2021). In contrast, the domestic biomass
energy supply in 2017 was roughly 55.6 EJ. About 585 EJ worth of
energy was available from all energy sources combined, including
fossil fuels. In other words, energy production from agricultural
waste might offer 3%-14% of the world’s energy needs. It is
significant to emphasize that the sustainable potential would be
far lower than the theoretical potential when considering economic,
social, and environmental concerns. Agriculture leftovers have a
considerable potential to be a part of the future energy mix, even
considering all sustainable variables (Statistics and WBA Global
Bioenergy, 2020; Olabi et al., 2022).

From Figure 13 it can be seen that Asia had the most
considerable primary energy supply of fossil fuels (284 EJ) in
2017, accounting for 50% of the world’s total supply. The
continent of Africa only comprised 6% of the total, with 47%
going to Europe and North and South America. Because so
much biomass is used for cooking and heating, 47% of the
energy used on the African continent comes from non-fossil
sources (EIA, 2007; Arto et al., 2016; Keho, 2016).

From Figure 14, energy sources used 370 EJ of gross final energy
in 2017, a 2% increase over 2016. Oil and petroleum products
account for 40% of all energy utilized globally, while coal and gas
each make up 20%. The world’s energy consumption in 2017 (EIA,
2007; Arto et al., 2016; Keho, 2016) was 80% fueled by fossil fuels. In
2017, renewable energy accounted for 17.7% of the world’s total final

10.3389/fenrg.2023.1184348

energy consumption, a 0.2% decline from 2016 (Griibler et al., 1996;
Panos et al., 2015).

Global energy demand from Figure 15, has shown promise to be
met by renewable energy sources, and some technologies’
exponential growth is encouraging. Since 2000, the share of solar
energy has increased by 11 times, while the share of wind energy has
increased by 35. To considerably reduce the use of fossil fuels, it is
imperative to maintain the rapid development of renewable energy
technology while focusing on reducing our global energy
consumption through energy efficiency measures (World Energy
Council, 2016; Mahmoodi, 2017; Lobanova et al., 2018).

The most accessible renewable energy is bioenergy or energy
produced from biological sources. Bioenergy accounted for 70% of
the total renewable energy usage in 2017. As shown in Figure 16 by
the fact that the contribution of bioenergy has been falling by a few
percentage points (about 0.5%-1%) annually, it is likely that less
traditional biomass sources are being used (Ardakani and Ardehali,
2014; Shyu, 2014; Cao et al., 2016; Ou et al., 2019).

As observed in Figure 17, Asia is one of the continents with the
highest fossil fuel consumption. The area uses over 80% of the coal
produced worldwide. The region consumes 40% of global oil and oil-
related product production, followed by North and South Americas
at 30% and Europe at 21%. Europe, the Americas, and Asia each
utilize around one-third of the world’s natural gas, according to the
global distribution of consumption. Asia is the world leader in all
energy sources, even renewable ones. The continent’s most
enormous renewable energy consumption, including biomass,
hydropower, wind, solar, geothermal, tide, etc (Ou et al, 2019;
He et al., 2020).

2.3.3 Drivers behind development and promoting
bioenergy utilization

The global energy system must shift to a low-carbon one to
minimize the greenhouse gases we emit globally by exploring
renewable technologies and nuclear energy, excluding carbon
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capture and storage (CCS) technology. Both options offer
exceptionally low CO, emissions per unit of energy compared to
fossil fuels. A significant increase in interest in bioenergy has been
observed during the past five to 10 years, coupled with the
progressive advancement of increasingly advanced and effective
bioenergy production methods. Several factors have contributed
to this rebirth, including rising oil prices, unrest in oil-producing
areas, shifting financial investments toward commodities and oil in
2007-2008, extreme weather events, and growing energy demand
from developing countries. Domestic agricultural support programs,
the need for energy self-sufficiency, the reduction of climate change,
and the notion that biofuels are less expensive than fossil fuels are
further factors driving the production of biofuels (World Energy
Council, 2007; Yang and Bandivadekar, 2017; Benoit, 2019).

Interest in bioenergy is primarily being sparked by four factors:
growing fossil fuel prices, particularly those of oil; energy
infrastructure protection; global warming; and countryside
growth. Since the production of biofuels in most nations is not
cost-competitive with fossil fuels, bioenergy markets are primarily
dependent on policy in much of the world. According to nearly all
nations, energy security and climate change are the two most
significant motivations for national bioenergy development
initiatives (UNDP, 1997; Ailleret, 2000; Schiffer, 2008).

Most of the time, the G8 and +5 countries’ policy objectives are
comparable. The +5 Countries’ emphasis on the development of
bioenergy places a greater emphasis on rural development, which
frequently aligns with reducing poverty (UNDP, 1997; Ailleret,
20005 Schiffer, 2008).

2.3.4 Assessment of bioenergy for sustainable
development

Bioenergy development offers both potential and challenges
for the environment and the economy. Using wood as a source of
energy generation will likely have a considerable influence on the
forest industry directly and indirectly due to land use. The
potential for increased access to improved types of bioenergy by
the poor, the effects on energy and food prices, and the
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opportunities for agricultural development, including the creation
of income and employment, will all play a role in how much of an
impact bioenergy has on reducing poverty in developing countries
(Food and Agricultural Organization FAO, 2004; Haberl
et al., 2013).

Bioenergy can enhance the entrance to better forms of energy for
the poor and generate chances for income and employment.
However, there are still a lot of questions about how it will affect
the environment, agriculture, food security, and sustainable forest
management. Also, how it will affect people, especially the poor in
developing nations, who the changes will impact it will bring about
to land use, land tenure, and land rights (FAO, 2013; Gupta and
Verma, 2015).
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2.4 Bioethanol production and
alternative biofuel

Since its potential has not yet been completely realized, biomass
fuel is considered a fuel for the future. Over 76% of the population in
developing nations, mostly in Africa, depends on bioenergy such as
ethanol-based types as their primary source of fuel. This fuel is
mostly used in rural areas where most households rely on fuelwood,
wood waste like sawdust, and charcoal for everyday cooking
(Ludwig et al., 2003).

The first nation in the world to adopt a comprehensive program
for creating and advancing ethanol-based biofuels was the emerging
country Brazil. This initiative was known as PROALCOOL
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(Programa Nacional do Icool); to address the issues posed by the
crisis in crude oil that resulted from the Middle East. The crisis
caused a significant increase in crude oil prices, which posed a severe
challenge to the Brazilian economy. To increase the commercial use
of biofuels, the program was introduced. It was a combination of
research and development that supported biofuels, the creation of
ethanol-powered vehicles, the expansion of sugarcane distilleries
through subsidies, the installation of ethanol pumps, and price
controls (Ludwig et al., 2003). In the beginning, the programme
was quite adequate, and between 1975 and 1984, Brazil’s production
of biofuels from sugarcane expanded quickly from less than one
billion to over 12 billion tons (Bennamoun, 2022). In all expanses of
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the globe, the price of petroleum products fell dramatically and
steadily toward the end of the 1980s. Still, the price of sugar rose,
which resulted in a decrease in the production of sugarcane-based
biofuel since sugarcane was mostly used for the production of sugar.
The upshot of this is that ethanol, a biofuel made from sugarcane,
became comparatively expensive compared to gasoline, which also
caused the government to lose interest in ethanol production from
sugarcane (Yadav et al,, 2021). China has started creating biofuel
regulations to reduce its reliance on crude oil and greenhouse gas
(GHG) emissions (Singal and Singh, 2007). China started producing
biofuels when worries about the safety of its domestic energy supply
were growing (Shahid et al., 2021). Just behind the United States of
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America, China is currently the world’s second-largest importer of
crude oil (Dafnomilis et al., 2017), and by 2030, it is predicted that
imports will supply 75% of China’s energy requirements (Demirbas,
2006). The economy of China also has a severe issue with
environmental pollution and deterioration. These environmental
pollution and degradation issues have gotten out of hand, and the
international community is putting more and more pressure on
China to reduce its carbon emissions (Matsuo et al., 2013). China
began its biofuel program in early 2000, intending to supply 10% of
its total energy demand through biofuel by 2010, and by 2020,
biofuel must have contributed 15% of China’s overall energy
requirement (Shahsavari and Akbari, 2018). China’s biofuel
initiative started with five large-scale plants that can produce
1.87 billion tons of ethanol (Shahsavari and Akbari, 2018). China
is currently the third-largest manufacturer in the world of biofuel
(Matsuo et al., 2013; Shahsavari and Akbari, 2018), but comparable
to Brazil, there is growing competition between bioethanol
production and food security.

2.5 Environmental impacts

Because of their abundance and renewability, bioenergy has
clear advantages over conventional fossil fuels and is essential to
maintaining global energy security. When implementing bioenergy
production, it is critical to consider resource costs and
environmental effects (Khatib, 2012; Salgado et al, 2021).
Although the
environment, including soil erosion, greenhouse gas emissions,

manufacture of bioenergy can harm the
and biodiversity the adverse impact on the environment varies
greatly subject to the type of plant, the source of the land, and
the organization procedures used. Finding the ideal cultivation sites,
bioenergy crop varieties, and management techniques can help the
environment and the production of bioenergy (Ang et al., 2015;
Jonsson et al., 2015). Although China has a significant potential for
producing bioenergy, its bioenergy output has lagged and is not
keeping up with the country’s expanding energy needs. Future
studies should study the leading nations in this area, learn more,
and develop the best decision support systems to direct the growth of
bioenergy in China and other emerging nations (Bauen, 2006).

2.6 Obstacles to effective utilization of
bioenergy in developing countries

Maltsglou et al. (Goldemberg, 2000) acknowledged that in
comparison to countries like the US, Brazil, Sweden, and certain
European Countries, understanding bioenergy and its production in
Africa is still in its infancy. There are not many policies in place in
developing countries such as Africa to accept this alternative energy
source, which contributes to its unpopularity. Utilizing food as a
source of raw materials for biofuel presents a hurdle since it
competes with the food chain and puts a cap on its further
development. In contrast to diesel and gasoline, other nations
that support its production do not subsidize the cost of biofuel
manufacturing. General difficulties include inadequate domestic raw
material availability and a mismatch between feedstock supply and
biofuel processing capacity. Bioenergy policy should be founded on
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thoroughly comprehending the country context, food security
context, and sustainable bioenergy potential to ensure that
bioenergy can be generated sustainably. The market obstacles for
three bioenergy products, including bioethanol, biodiesel, and wood
pellets, were found by Junginger et al. (Bauen, 2006). Junginger et al.
(Bauen, 2006) found that whereas logistics are primarily perceived as
a barrier for wood pellets, import taxes and the adoption of
mechanisms for sustainability certification are considered
significant obstacles to the trading of biodiesel and bioethanol.
Biofuel’s import taxes and duties may be lessened or eliminated
concerning multilateral harmonization of trade agreements which
may deliver the needed prerequisites for continued, steady
expansion of global commerce in bioenergy (Bauen, 2006).
Suzuki (Goldemberg, 2000) identifies several challenges that are
frequently encountered in developing countries, including a
restricted capability to evaluate, embrace, adjust, and engage
technology alternatives, a lack of proficiency in managing and
operating technology, an absence of trained employees or
training resources, an inability to obtain financing, maybe not
being commercially viable, banking institutions are lacking to
support renewable energy know-how, inadequate equipment, and
The difficulty of attracting
investment has been cited by Bakhtiar (Kaygusuz, 2012) as an

unclear governmental policies.

obstacle to the commercialization of biomass-utilizing energy in
underdeveloped nations. The biggest obstacle to the success of BET
investments is their high reliance on public and governmental
financial resources. According to Ravindranath (Michoud and
Hafner, 2021), the buildout of bioenergy technology in emerging
nations has been relatively gradual because of institutional,
technical, informational, commercial, and financial barriers
(Owen et al., 2013; Michoud and Hafner, 2021).

3 Sustainability issues of bioenergy
production in developing countries

Sustainable human development can be attained through the
effective utilization of energy. Although it is an essential component
of economic activities, how we generate, deliver, and use energy
needs to change significantly (Biermann et al., 2012). Fossil fuels,
which severely affect air quality and significantly increase carbon
emissions, comprise a massive percentage of the existing energy
system (Glemarec, 2012; Chirambo, 2018). The global energy
demand is significantly increasing due to population and fiscal
expansion, mainly in developing market countries, which will be
responsible for 90% of the rise in energy consumption through 2035.
There is currently a window of opportunity to undertake a
transformative change in the energy supply industry to satisfy
economic and environmental goals, given the need to replace
outdated plants and add new capacity, particularly in emerging
nations, to meet the expanding electricity demand (Berndes et al.,
2003; Rose et al., 2014; Lynd et al., 2015; Souza et al., 2017).

When assessing energy alternatives, it is vital to consider three
main factors: economic competitiveness, energy security, and
environmental effects. Regrettably, economic competitiveness
frequently takes precedence since many sustainable energy
options are expensive, especially in places with limited resources.
We must, however, come up with a solution for a future with
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sustainable energy in both developing and developed nations since
climate change affects everyone. Then, how can we afford low- and
middle-income countries with the tools they need to switch to a
future run-on sustainable energy? Financial strategies and other
technology developments will be required to make renewable energy
systems that can compete economically with older fossil fuel-
burning technologies. Continuous technological advancement can
lead to applications tailored to local conditions and enable the
founding of novel “clean industries,” which could contribute to
the economic growth of these emerging nations. Still, it can lower a
few trade-offs between new, renewable energy technologies and their
market by lowering financiers’ risk and improbability when
competing with conventional energy sources (Fischer and
Schrattenholzer, 2001; Balat and Ayar, 2005; Reid et al., 2020).

3.1 Policy on land use strategy for bioenergy
production

Due to a potential change in land use and crop planting patterns,
the
environmental trade-offs associated with the production of food,

policymakers must carefully consider economic and
feed, and fuel, as well as the impact on food security. Another crucial
factor that national policymakers should consider is the processing
and conversion technological part of the development and
manufacturing of biofuels. Instead of using food crops, future
bioenergy technologies might rely on waste agricultural and
forestry products and specialized energy crops. Energy security
and climate change mitigation may benefit more from second-
generation bioenergy production and processing technology
(World Bioenergy Association, 2018; Statistics and WBA Global
Bioenergy, 2020).

As nations use more biofuels to strengthen their energy security,
they should work to ensure that poor people and small farmers are
involved in creating a more sustainable energy system taking a cue
from Figure 18. With the right technology and trade policies,
bioenergy

outcomes that are good for the impoverished and for energy

in developing countries can produce win-win
efficiency. A greater number of times should be spent utilizing
like the

Mechanism (CDM) and carbon market trading. In order to meet

cutting-edge economic tools Clean Development
the requirements of the Kyoto Protocol and reduce greenhouse gas
emissions that contribute to climate change, additional private and
governmental investment must be mobilized (Pellegrini and

Fernandez, 2018).

3.2 Policy options and recommendations for
promoting utilization of bioenergy for
sustainable development

Around the world, over 600 million people live in places without
electricity, and in developing nations, 2.06 billion people utilize solid
fuels for heating and cooking. For many regions of the world to have
universal entrée to energy, efficient policies, simplified institutional
frameworks, and creative finance will be necessary (Adams et al.,
2011; Kang et al,, 2015; Guo and Song, 2019; Pulighe et al., 2019;
Kardung et al., 2021).
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Since energy access is a development issue, a sector-wide
strategy is required. This strategy depends on several enabling
elements, including business financing, technology ownership and
availability, productive activities, and future growth prospects.
Additionally, long-term technological adaptation and community
growth must be taken into account by policymakers. Planning,
coordinating, and implementing energy access policies and
programs, fostering policy dialogue, exchanging knowledge,
enlisting key partners, and raising funds require suitable
institutional arrangements. It is necessary to have a capable and
adaptable national institution responsible for delivering dependable,
high-quality, and timely outcomes. To strengthen institutional
capacity, it is necessary to examine the mandates of pertinent
government sectors, such as

identify their limitations, as well as their technical and
financial capabilities;

streamline those sectors to encourage cooperation and

coordination;

« encourage cooperation between governments in planning and
implementing;

o ensure that the legislative and regulatory frameworks are

appropriate;

establish an appropriate regulatory framework;
o develop a legal and institutional framework; (Naqvi et al,
2018; Blair et al., 2021).

To satisfy the growing demand for essentials from rural and
urban residents, emerging nations like Latin America, India, Nigeria,
etc., have recognized the necessity for alternate forms of energy and
have thus given substantial support for it (Agbedahin, 2019; Zaharia
et al., 2019; Ohunakin et al., 2023). The list of developing nations is
presented in Table 2.

Biogas is a gas created by the anaerobic digestion or
fermentation of organic waste under anaerobic conditions and is
another type of bioenergy (Ailawadi and Bhattacharyya, 2006;
Obaideen et al., 2021).

The degree of bioenergy deployment is not at the level required
to meet the medium- and long-term objectives. This is due to several
obstacles, including supply chain issues (such as unstable feedstock
supplies, a lack of qualified workers, and sustainability risks),
financial and economic issues (such as fossil fuel subsidies, high
costs, and access to affordable financing), technical and
infrastructure issues (such as low technology readiness and
reliability), and informational issues (IRENA, 2022).

Sustainability in bioenergy is a complicated issue. The usage of
bioenergy has several potential advantages. Substituting fossil fuels
for them in the production of electricity, heating, transportation, and
reduce GHG

Additionally, it may have positive effects on the environment and

manufacturing, for instance, can emissions.
society. In the meanwhile, if bioenergy production is not properly
controlled, it could have negative effects on the environment,
society, or the economy outside the energy sector. These effects
result from the close connections that bioenergy has with several
crucial industries, including waste management, forestry,
agriculture, and rural development. The traditional usage of
biomass should gradually be phased out, and the loss of carbon

stocks, or emissions through indirect land-use change and the
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Conceptual representation of biomass energy systems and linkages to sustainable human development (Pellegrini and Fernandez, 2018; World
Bioenergy Association, 2018; Statistics and WBA Global Bioenergy, 2020).

supply chain, should be taken into account while decarbonizing
through bioenergy (IRENA, 2022).

In one place but not in another, a particular bioenergy
production approach can be seen as sustainable. For instance,
this can be a result of climatic and biophysical variations. The
availability of bioenergy at a location is also influenced by socio-
economic aspects like culture, politics (especially when it comes to
land ownership), and population. A comprehensive framework that
includes setting sustainability goals and long-term planning,
coordinating bioenergy across sectors, supporting sustainability
governance with rules and certificate programs, and integrating
bioenergy policy with the SDGs could facilitate decision-making
and sustainability about the development of bioenergy;
see Figure 19.

A long-term national bioenergy development strategy and plan
can offer a dependable and long-term policy signal to inspire trust in
investors project developers and direct policymakers. Long-term
plans with numerous objectives will enable higher investments in
innovations and speed up commercialization and scale-up (IRENA,
2022). With the help of practical strategies and incentives, clear
medium- and long-term bioenergy targets can increase the certainty
of policy. The amount of feedstock that can be obtained sustainably
should, nevertheless, be the basis for bioenergy targets. This would
stop further detrimental effects on the environment and society.
Long-term bioenergy growth necessitates coordinated and
integrated policies and action plans across several industries,
including energy, forestry, agriculture, and the environment.
Cross-sector  coordination and integration can promote
interdepartmental synergy, assure policy coherence, and head off
possible sustainability problems (IRENA, 2022).

Mandates and obligations may boost interest in and demand for
bioenergy. These include mandates for the use of renewable energy

sources in heating or responsibilities for the transportation sector to
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combine biofuels. They might also include regulations governing the
production or use of bioenergy, such as licenses, permits, and quotas.
The growth of the bioenergy sector may also be aided by pledges and
policies that forbid the use of fossil fuels in particular end-use
industries. In this context, nations must quickly phase off
subsidies for the production and use of fossil fuels, notably the
G20 nations who are responsible for the majority of the subsidies
(IRENA, 2022). Furthermore, carbon pricing policies are required to
level the playing field for renewable energy sources such as
bioenergy. Through the reduction of taxes and fees, such as the
value-added tax on bioenergy producers and import tariffs on liquid
biofuels, bioenergy products could become more cost-competitive
than their fossil fuel counterparts. Supporting bioenergy and other
renewable technologies frequently takes the form of capital grants
and subsidies. They lower the initial outlay and ongoing expenses.
Supporting
development,

innovation  through  technical  research,

and demonstration can improve technology
readiness and hasten the commercialization of new biofuels for
usage in industries, such as aviation biofuels. National and regional
governments can promote technology adoption by raising
understanding of the advantages and difficulties connected with

bioenergy (IRENA, 2022).

3.3 Important metrics for the supply and use
of bioenergy

To meet the 1.5°C climate goal, bioenergy is essential (IRENA,
2022). It is crucial for the transition to an energy mix based on
renewables because of its potential to replace fossil fuel in all energy
sectors, including the production of electricity, end uses in industry,
buildings, and transportation, as well as a chemical feedstock.
Bioenergy made approximately 9.5% of the total primary energy
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TABLE 2 Developing countries by region (Ailawadi and Bhattacharyya, 2006; Obaideen et al., 2021).

10.3389/fenrg.2023.1184348

Latin America and the Caribbean

North Africa Southern Africa East Asia Caribbean
Algeria Angola Brunei Darussalam Barbados

Egypt Botswana China Cuba

Libya Lesotho Hong Kong SAR Dominican Republic
Mauritania Malawi Indonesia Guyana

Morocco Mauritius Malaysia Haiti

Sudan Mozambique Myanmar Jamaica

Tunisia Namibia Papua New Guinea Trinidad and Tobago
Cameroon Zambia Republic of Korea Costa Rica

Central African Republic Zimbabwe Singapore El Salvador

Chad _ Taiwan Province of China Guatemala

Congo Benin Thailand Honduras
Equatorial Guinea Burkina Faso Viet Nam Mexico

Gabon

Cabo Verde

Sao Tome and Principe

Cote d’Ivoire

Bangladesh

Panama

_ Gambia India Argentina
Burundi Ghana Iran (Islamic Republic of) Bolivia (Plurinational State of)
Comoros Guinea Nepal Brazil
Democratic Republic of the Congo Guinea-Bissau Pakistan Chile
Djibouti Liberia Sri Lanka Colombia
Eritrea Mali _ Ecuador
Ethiopia Nigeria Bahrain Paraguay
Kenya Senegal Iraq Venezuela (Bolivarian Republic of)
Madagascar Sierra Leone Israel
Rwanda Togo Jordan
Somalia Kuwait
Uganda Lebanon
United Republic of Tanzania Oman
Qatar

Saudi Arabia

Syrian Arab Republic

Turkey

United Arab Emirates

Yemen

supply in 2020. Modern uses of solid biomass accounted for 43% of
the total bioenergy supply, followed by biomass used for developing
nations’ traditional cooking and heating (39%) and biogas and

biofuel feedstocks (18%) (IRENA, 2022).
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From Figure 20, the biomass supply would need to increase
from the 2020 level (56 EJ) to 86 EJ by 2030 and 135EJ by
2050 under the 1.5°C Scenario. Reducing the wasteful use of

conventional biomass, which is now utilized as fuel for heating
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FIGURE 19
An institutional structure for the development of sustainable
bioenergy (IRENA, 2022).

and cooking, is one aspect of this. By 2030, modern bioenergy will
need to expand by a factor of roughly 2.5 from 33 EJ (current
levels), and by 2050, it will need to increase by four times. Although
the estimate of 135 EJ of biomass supply for 2050, as predicted by
IRENA (IRENA, 2022) and other institutions, is on the higher end
of what might be sustainably produced, such a level can in theory
be supplied sustainably without adverse changes in land use.
Scaling up biomass production to those levels, though, will be
extremely difficult to do without having negative effects on the
environment or society.

Under the 1.5°C Scenario, bioenergy would account for roughly
4.5% of the generation, or 6.5 EJ in 2030 and 14.9 EJ in 2050. This
represents an increase over current levels of more than three and
seven times, respectively. To reach the net-zero objective, the use of
biomass in conjunction with CCS in the electricity sector and some
industrial sectors would be crucial. By 2050, processes that use
biomass and to which CCS could theoretically be applied might
perhaps capture 10 GtCO, equivalent year (Lyons et al., 2021).
Traditional biomass use accounted for 51% of its consumption, with
modern uses in industry (22%), buildings (17%), transportation
(9%), and miscellaneous use (1%) rounding out the breakdown as
shown in Figure 21. The most significant source of energy in several
developing nations is biomass, but only under specific circumstances
is it sustainable. Only when realistically replaced is it renewable.
Deforestation is caused by the widespread use of biomass in
emerging nations, whether it be on a small or large scale for
industrial uses. Additionally, the use of biomass for heating and
cooking in underdeveloped nations is a significant contributor to
acute indoor pollution, especially for women, young children, and
the elderly (IRENA, 2022). Biomass is typically used in open flames
and basic, inefficient stoves. This kind of usage has detrimental
effects on one’s health by causing indoor air pollution (Goldemberg
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and Coelho, 2004). Additionally, it causes the destruction of forests,
which raises greenhouse gas emissions and reduces biodiversity. As
stated in UN Sustainable Development Goal (SDG) 7 (IEA et al,
2021:7), a global effort is required to ensure that everyone has access
to clean cooking fuel. The main actions necessary to achieve the
1.5°C Scenario are a significant decrease in the use of inefficient
(traditional) biomass by 2030, increased use of modern biomass for
building energy until 2030, stabilizing growth until 2050, steep
increases in bioenergy in industry until 2050, and increased use
of biofuels for shipping, aviation, and land transportation
(IRENA, 2022).

The 1.5°C Scenario anticipates significant reductions in the
sector of buildings’ inefficient use of biomass for heating and
cooking by 2030. By 2030, it will be necessary to deploy clean
technologies such as upgraded cookstoves that are efficient and run
on sustainably produced bioenergy or electric stoves to ensure that
everyone has access to clean cooking technology and fuels. By 2050,
9.4 EJ of modern bioenergy will be used in buildings, up from 7.3 EJ
in 2020, 11.3EJ in 2030, and 7.3 EJ] in 2020. In industrial
applications for medium- and high-temperature heat as well as
chemical feedstock, bioenergy will be crucial. Global bioenergy
demand in the industrial sector would be 21 EJ by 2030 and
27.6 E] by 2050 under the 1.5°C Scenario. Global chemical and
petrochemical sector production of bio-based plastic would increase
from a little over 2 Mt currently to 73 Mt annually. This would
account for about 20% of the overall production of plastic. By 2050,
the production of other synthetic organic compounds will increase
to 51 Mt. Currently, the manufacture of chemicals uses a small
number of bio-based feedstocks. About 1% of plastics and fewer than
1% of chemicals are made using bio-based feedstocks. In 2030 and
2050, respectively, the 1.5°C Scenario sees 4.1 EJ and 10.9 EJ of
bioenergy  feedstocks
(IRENA, 2022).

Transport decarbonization is aided by bioenergy. According to

used for chemical manufacturing

the 1.5°C Scenario, bioenergy use in transportation would increase
from 3.7E] in 2020 to 9.1EJ in 2030 and 12EJ in 2050.
Improvements in fuel economy and an increase in the number of
electric vehicles on the road would be complemented by this growth.
Up until worldwide fleets are electrified, increasing biofuel blending
ratios, especially in this decade, may be essential to reducing
emissions from road transport. Biojet fuels are much more
prevalent in aviation. They provide chances to decarbonize the
industry when used in conjunction with synthetic fuels. The
annual production of biojet fuels would be over 110 billion liters
under the 1.5°C Scenario. By 2050, the output of liquid biofuels,
which would nearly double, would be able to fulfill 24% of the
transportation sector’s total energy requirement. In the maritime
industry, biofuel would have a smaller impact, making up only 10%
of the energy mix by 2050 under the 1.5°C Scenario. Under the 1.5°C
Scenario, Figure 22 lists important statistics for bioenergy supply
and consumption in 2030 and 2050 (IRENA, 2022).

4 Modern bioenergy and renewables

The use of bioenergy must be doubled by 2060 to slow global
warming (IRENA, 2022). The International Energy Agency (IEA)
recommends increasing the use of advanced biofuels in
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FIGURE 20

Primary bioenergy supply by carrier in 2020, 2030, and 2050 under the 1.5°C Scenario and the Planned Energy Scenario (IRENA, 2022).
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Sector-specific final energy consumption of bioenergy in 2020, 2030, and 2050 under the 1.5°C Scenario and the Planned Energy Scenario

(IRENA, 2022).

transportation as one important strategy for accomplishing this goal.
While the use of solar and wind energy for power generation is
expanding, according to the IEA, bioenergy is presently the only
renewable energy source that can be used to directly generate
electricity, heat, and transportation fuels.

One way to reduce carbon dioxide emissions while still meeting
the country’s fast-rising energy needs is to replace modern bioenergy
with fossil fuels, provided that it is generated sustainably. Heat,
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electricity, gaseous biofuels (such as biogas and hydrogen), liquid
biofuels (such as biodiesel, bioethanol, methanol, and Fischer-
Tropsch (FT) synfuels), and other energy carriers/services can all
be produced from bioenergy. Therefore, each form of fossil fuel
might potentially be replaced by contemporary bioenergy.
Additionally capable of supplying base loads, bioelectricity is
essential for balancing the grid and offering storage possibilities
(IRENA, 2022).
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FIGURE 22

Key performance metrics for bioenergy supply and consumption: 1.5°C Scenario in 2030 and 2050 and Planned Energy Scenario (IRENA, 2022).

4.1 Modern bioenergy in Africa

Modern bioenergy sources include biofuels, which are mostly
used in transportation, biogas, which is used to cook cleanly,
biomethane, which is used to produce electricity, and solid
biomass, such as wood pellets, which are used to heat homes.
Depending on the kind of feedstock and the method of
production, biogas can have a variety of different compositions.
Even though production is now very low, Africa has enough
sustainable feedstock to meet all of its energy needs for clean
cooking. We calculate that the continent has the potential to
create close to 2 EJ of locally produced low-carbon biogas, which
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may double to 4 EJ by 2040 (IEA, 2020). This estimate is based on a
bottom-up analysis (Sovacool and Monyei, 2021; IRENA, 2022).
In Africa nowadays, most biogas is used in nations with dedicated
support initiatives. While many initiatives supported by non-
governmental organizations offer useful know-how and subsidies
to lower the net investment cost, certain governments, including
those in Benin, Burkina Faso, and Ethiopia, offer subsidies that can
cover up to half of the investment (SNV, 2019). Additionally, a few
nations have established financial facilities, like as Kenya, where a
lease-to-own agreement financed roughly half of the anaerobic
digester installations in 2018. By 2030, the SAS projects that 66 PJ
of biogas will be used for cooking in Africa, significantly increasing
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access to clean cooking. This is being driven by significant subsidies to
reduce the digester’s relatively high start-up cost. A typical size family
unit with a technological lifespan of more than 20 years can cost
somewhere between USD 500 and USD 800 in Africa. Other clean
cooking systems have significantly less expensive installation expenses
(Sovacool and Monyei, 2021; IRENA, 2022).

However, since fuel expenses are low or non-existent after
2years of continuous operation, digesters may be more
affordable in terms of total cost of ownership. As a by-product,
they can also create biofertilizers. Senegal’s National Domestic
Biogas Programme implemented a strategy to reduce the cost of
biodigesters by creating a market for bio-fertilizers. Currently, just a
small portion of Africa’s total final consumption is made up of
biofuels for transportation, but this segment has enormous growth

potential (Sovacool and Monyei, 2021; IRENA, 2022).

4.2 Sustainable energy development Indices

The economy’s development, people’s wellbeing, and poverty’s
reduction depend on having access to energy. Global development
faces the constant and urgent problem of ensuring everyone has
enough access (Ailawadi and Bhattacharyya, 2006; Agbedahin, 2019;
Zaharia et al., 2019). Energy systems do, however, also have
significant environmental effects (United Nations Conference on
Environment and Development UNCED, 1992; Michaelowa et al.,
2019; UNEP, 2023). The present-day energy production and
consumption patterns, which have historically influenced the
course of development, are not sustainable. Providing energy
services that enable all people to reach a decent quality of life in
line with sustainable human growth is the current energy challenge
that nations worldwide must address. This continuing connection
between energy and development is a crucial aspect of development
policy (United Nations Conference on Environment and
Development UNCED, 1992; Michaelowa et al., 2019; UNEP, 2023).

According to the World Energy Council (United Nations
Conference on Environment and Development UNCED, 1992;
Michaelowa et al, 2019; UNEP, 2023), tackling the three
objectives of energy accessibility, availability, and acceptability is
essential to promoting new energy business strategies for the twenty-
first century, promoting global political stability, and creating a
sustainable future. As a result of the work done to create Agenda 21,
UNDP has also determined (Yuwan and Xuemei, 2017; Chen et al.,
2019) the need for a focused analysis of the role of energy in
achieving sustainable socio-economic development and has
identified some steps that must be taken to increase the adoption
of sustainable energy options.

It is widely known that energy use needs to be decreased to
lessen the continual climatic changes that result from it. The United
Nations has created a set of 17 sustainable development goals
through their 2015 sustainable development plan known as the
2030 Agenda. Goal number seven in this set, “low-cost, sustainable
energy,” explicitly mentions the energy industry (Attabo et al,
2023). This objective has two components: improving access to
electricity for underserved or remote populations and boosting the
number of renewable energy sources in overall energy use may even
totally replace traditional energy generation in some cases (Tracking
Clean Energy Progress, 2023).
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5 Concept of clean development
mechanism (CDM)

An “Annex B Party” (a country that has agreed to restrict or
reduce its emissions following the Kyoto Protocol) may carry out
an emission-reduction project in developing countries per the
Clean Development Mechanism (CDM), which is outlined in
Article 12 of the Protocol. The CDM is an intriguing tool for
encouraging fresh initiatives in renewable and energy-efficient
projects. The Millennium Development Goals (MDGs) must be
achieved to provide contemporary energy services that are clean,
dependable, and inexpensive (Tolliver et al., 2019). The Clean
Development Mechanism is the only one that includes developing
nations out of the three flexibility mechanisms in the Kyoto
Protocol designed to include the market in reaching the
obligations of the industrialized countries (Babatunde et al,
2020). The CDM seeks to encourage sustainable development in
developing nations by channeling private sector funding into
projects that reduce emissions in these nations (Hultman et al,
2020; Oyedepo and Fakeye, 2023).

The CDM is product it
delivers—reductions in greenhouse gas emissions—can be sold

exceptional because the

on international markets without any physical infrastructure.
Therefore, if transaction costs and other barriers can be

lowered, even small-scale development initiatives might

theoretically boost the amount of money that flows to
through the
greenhouse gas reductions. Future energy policies will be greatly

developing  countries budding market for
impacted by efforts to mitigate the effects of global climate change
(Nyika et al, 2021). CDM can contribute significantly to
sustainable development through the increase in energy
efficiency and conservation, employment generation, a more
sustainable energy generation, and technology transfer between

developed and developing countries (Bio energy, 2023).

5.1 Energy gaps in Africa

There are still enormous gaps in accurate data and statistics, and
millions of people are still suffering from energy poverty and the
negative effects of climate change. The COVID-19 pandemic has
caused financial turmoil in more than 20 African nations and halted
efforts to increase access to energy. These issues are made worse by
the abrupt spikes in energy and food costs brought on by Russia’s
invasion of Ukraine, which are impacting many consumers and
businesses worldwide, most acutely in underdeveloped countries
where people have the least access to these resources (Senyagwa,
2022; Zakeri et al., 2022). Fossil fuel are still much utilized as fuel
source in Africa and contribute to emissions to the environment
which can only be minimized when the government invests in
renewable energies.

6 Future consideration and conclusion

Africa has the fastest rates of population increase, the largest
frequency of food insecurity, and the lowest crop yields, but it also
has the highest proportion of arable land and, in contrast to energy
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demand, the biggest amount of land resources (Senyagwa, 2022).
Modern bioenergy development, agricultural development, and
food security may all work in unison rather than counter to one
another. They can be accomplished by clear leadership, effective
administration, and the adaptation of business models, expertise,
and technologies to the various local conditions. Modern bioenergy
has the potential to alter Africa, with societal advantages spreading
across many other fields and going far beyond just energy
production (Lohr et al., 2022).

Political pressure to implement plans for utilizing renewable
energy is constantly emergent due to Europe’s significant import
need for fuel and its pledges to lessen CO, emissions under the
Kyoto Protocol. It is essential to reach the 1.5°C objective that the
electricity industry is decarbonized by 2050 (IRENA, 2022) As a
result, Europe hopes to use a lot more biofuels than it presently
generates (Lohr et al., 2022).

Europe and Africa have a lot of room to grow its bioenergy
program without endangering its ability to produce food. In France,
Germany, and Spain, this potential is most significant but in contrast
to Brazil, Europe produces biofuels at a comparatively high cost.
Despite the substantial social and environmental advantages of the
current initiatives, these may be exceeded by their financial costs as
compared to other strategies for assisting rural communities and
lowering greenhouse gas emissions. Any solution will be hampered
by the vested interests that have already been established in the
domestic business—finding the ideal balance between supporting a
domestic biofuel program and adopting more economically effective
techniques. Africa explore biofuel production by setting aside land
for its purpose and by developing technologies that make biomass
crops more productive economically and energetically. The
following recommendations can be adopted:

o Large-scale awareness campaigns about the use of biogas
should be launched on television, radio, and in newspapers.

o Governmental organizations should improve and increase
credits and financial incentives to promote the usage of biogas.

« Farmers planting energy-generating crops like rapeseed, sugar
cane, and jatropha should also receive incentives.

o The home and industrial growth of various biogas digesters
using various feedstocks should be taken into account.

o Laws that forbid the indiscriminate felling of trees for wood
fuel should be passed and bravely put into effect; this could
encourage the use of alternate energy sources, particularly for
household purposes.

« Suppose government efforts to achieve reliable, economical,
clean, and steady power generation through Bioenergy
Technologies (BETs) are increased. In that case, well-
designed programs and the implementation of policies
must be done with zeal and perseverance. People should be
given a chance and encouraged to operate small to medium-
sized agricultural businesses to produce cow dung, poultry
droppings, and other agricultural waste.

o Government funding should be allocated for technical
assistance, capacity-building, and research and development
in the biofuel industry.

o Farmers, scholars, institutions from the public and private

all be

encouraged to participate in the growth of the biofuels

sectors, investors, and non-state actors should
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business through establishing institutional and regulatory
frameworks by the government

Promoting the use of renewable energy sources (such as
bioenergy) in developing countries can increase access for rural
families, reduce energy costs for households and businesses as they
enter the middle class, and cut greenhouse gas emissions.

Decision-makers should take advantage of new opportunities in
sectors like critical minerals, modern bioenergy and green hydrogen
to shift attention from over depending on fossil fuels.

In addition to making deployment easier, comprehensive
strategies are required to guarantee that the shift will have
significant socioeconomic advantages. Legislation must include
net-zero promises and translate them into implementation plans
with sufficient funding. Climate announcements would remain
aspirational and the required advancement would be impossible
without this important step.

Given the longevity of the energy sector’s infrastructure, long-
term planning should be done before investing in fixed
infrastructure. Demand will be altered by the electrification of
end users. Modernizing the current infrastructure and expanding
and reinforcing the grid on land and at sea are prerequisites for the
use of renewable energy. Other than the current oil and gas fields,
green hydrogen will also be produced in these other places. The
environmental and social implications should be adequately
addressed from the outset, as well as the technical difficulties and
financial costs of revamping infrastructure. Hundreds of millions of
people’s qualities of life will be improved by a just and inclusive
energy transition, which will aid in bridging wide inequities. Policies
for the energy transition must be in sync with broader systemic
changes intended to protect human wellbeing, enhance
international equality, and bring the global economy into
compliance with resource, environmental, and climate limits.
Supporting developing nations to quicken the energy transition
could increase energy security while halting the expansion of the
global decarbonization gap. A varied energy market would promote
local value creation for commodity producers, lower supply chain
risks, and enhance energy security. To the fullest extent possible,
countries’ contributions to the global energy transition must have
access to technology, training, capacity building, and reasonable
financing, especially for those with a wealth of renewable energy
sources and allied resources. The shift to a cleaner energy source
must prioritize the security and wellbeing of people. Sustainable
development must be a top priority in bioenergy policy. The
fundamental pillars for developing Africa’s new energy economy
are energy efficiency and renewables, particularly solar and
contemporary bioenergy.

All Africans need to have access to modern electricity, which will
require annual investments of USD 25 billion. International
assistance is needed to encourage the necessary investment, and
stronger national institutions on the ground are also needed to lay
out clear strategies.
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