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Abstract

Among expert scientists and politicians, there is increasing agreement that it
is absolutely necessary to reduce the emission of greenhouse gas (GHG) to
lessen the severity of climate change. Although little, renewable energy sources
currently reduce GHG that are being emitted from the energy industries. Ac-
cording to the majority of long-term energy estimates, renewable energy will
be a substantial addition to the supply of energy worldwide by the end of this
century, as capacity of renewable energy is gradually increasing in the early
decades. However, developing nations like Bangladesh are largely reliant on
pricey imported energy supplies (coal, gas, and oil) that lay a heavy weight on
the country’s economy. Also, air pollution growing in importance as a na-
tional and international environmental issue. Regarding the development of
clean and sustainable energy, renewable energy sources seem to be among the
most practical and efficient alternatives, in both Bangladesh and globally. The
geographic advantages of Bangladesh allow for widespread usage of the ma-
jority of such renewable energy sources. The comparative potential and use of
fossil fuels against renewable energy sources globally and in Bangladesh is ex-
plored in this review.

Keywords

Renewable Energy, Solar and Photovoltaics, Hydropower, Wind Energy,
Geothermal

1. Introduction

Energy is the crucial factor for achieving social and economic development and
a good quality of life. However, the current energy sources, in particular thermal

power plants, might not be viable for long run. Combustion of fossil fuels release

DOI: 10.4236/epe.2024.162003 Feb. 27,2024 43 Energy and Power Engineering


https://www.scirp.org/journal/epe
https://doi.org/10.4236/epe.2024.162003
https://www.scirp.org/
https://doi.org/10.4236/epe.2024.162003
http://creativecommons.org/licenses/by/4.0/

A. F. M. M. Rabbani et al.

30,000

25,000

20,000

15,000

10,000

Net consumption in TWh

5000

heat-trapping chemicals called greenhouse gases (GHGs) into the atmosphere.
Other exhaust gases from thermal plants, such as oxides nitrogen and sulfur,
carbon monoxide, and ozone, are extremely hazardous to human health. Fossil
fuels are constrained by the earth’s finite supply and expected to be depleted by
the end of this century. Oil, for example, will be depleted in about 50 years, coal
in about 114 years, and natural gas in about 53 years [1]. Since renewable energy
is still not widely used, depleting our stocks will hasten its adoption worldwide.

Over the past 50 years, energy consumption across the globe has increased
steadily (Figure 1), and in 2021 it was about 25,300 TWh. 61% of this electricity
was generated using fossil fuels, including coal, natural gas, petroleum, and oth-
er gases. In 2019, there was a total consumption of 23,921 TWh [2].

1980 1985 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Years

Figure 1. Total electricity consumption worldwide during 1980-2021 [2].

Coal-based thermal power plants generated 60% - 61% of the electricity pro-
duced throughout the world, whereas nuclear power plants contributed 10%,
and renewable energy sources like solar, wind, hydropower etc. generated about
29% (Figure 2).

The world population expanded by nearly 75% between 1980 and 2021, while
the use of power more than tripled. Worldwide increases in industrialization
have further increased demand for power. It is anticipated that by 2050, the
world would produce more than 40,000 TWh of energy, 90% of which will come
from renewable sources. Close to 70% will be made up from wind and solar
photovoltaics (PV) together. As the International Energy agency (IEA) fore-
casted in 2014, the sun may serve as the world’s main energy source by 2050.

The requirement to control emissions of GHGs and other pollutants into
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the atmosphere will increase along with the efficiency of energy production,
distribution, transmission and usage. As investors and officials from all over the
world increasingly appreciate critical role of electricity in economic development
and improving living conditions, infrastructures for power generation and
supply are being developed and extended in many developing countries [3] [4]
[5]. Additionally, an overabundance of nuclear fuel extraction could result in a
nuclear disaster [6]. However, renewable energy sources are so plentiful that

they might successfully meet all of the energy demands predicted for the world
over the next century [7]-[12].
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Figure 2. The total amount of energy used globally between 1985 and 2020 based on the sources [2].

Globally, the energy sector is anticipated to develop by about 36% between 2011
and 2030, with 1.6% annual growth on average. The equivalent amount of oil in
this will become 16.5 billion tons in 2030 increasing from 10.3 billion tons in 2002.
(Table 1) [13] [14]. In the past, the yearly growth rate was 2%. It was predicted
that the energy usage across the world would rise by almost 78% between 2013 and
2030 [15] [16] [17]. Between 2020 and 2021, percentage of renewable energy in to-
tal power generated in the world stayed constant at 28.1%, down from 26.3% in
2019. Globally, the generation of renewable energy increased dramatically (+1.75
points) between 2019 and 2020 but remained constant in 2022.

Oil is the single largest fuel used to meet the world’s energy demands. About
78,470 barrels were consumed in 2002, 87,105 in 2007, and then consumption fell in
2009 (84,083 barrels). In 2019, oil consumption peaked once more (97,747 barrels)

DOI: 10.4236/epe.2024.162003

45 Energy and Power Engineering


https://doi.org/10.4236/epe.2024.162003

A. F. M. M. Rabbani et al.

Table 1. Total energy (M,,.) consumption globally [13] [14].

1971 2002 2010 2030 2010-2030 (%)*
Coal 617 502 516 526 0.2
Oil 1893 3041 3610 5005 1.8
Gas 604 1150 1336 1758 1.5
Electricity 377 1139 1436 2263 2.5
Heat 68 237 254 294 0.8
Biomass and waste 641 999 1101 1290 0.9
Other Renewables 0 8 13 41 6.2
Total 4200 7075 8267 11.176 1.6

*Average annual growth rate; M, equivalent to 11.6279 TWh.

toe

[16]. The percentage of oil used worldwide for transportation increased from
33% in 1971 to 47% in 2002 and is anticipated to reach 54% in 2030. The Organ-
ization for Economic Co-operation and Development (OECD) member coun-
tries have committed to drastically reduce their usage of oil in the residential and
service sectors. In many developing countries, particularly in rural regions, prod-
ucts based on oil will be the main source of contemporary commercial energy for
cooking and heating [13].

During the predicted period, 1998-2021, the worldwide natural gas consump-
tion rate was at a steady state of 2.3% annually [17]. It was projected that the
household, commercial, and industrial sectors would utilize more natural gas.
60% of the increase in gas consumption would be attributed to the power sector,
whose market share will expand from 36% in 2002 to 47% in 2030. In all regions,
the demand will be primarily driven by the power sector. Since the need for power
is anticipated to increase most quickly in developing countries, this tendency will
be particularly noticeable there. Since high-efficiency combined-cycle gas turbines
(CCGTs) use natural gas as the preferred fuel, it will continue to be the most af-
fordable fuel for new power plants in the majority of the world. A small but rising
fraction of the global demand for natural gas will be met by gas-to-liquid facili-
ties and synthesis of hydrogen as fuel for hydrogen fuel cells [15].

The expected growth in coal combustion from 2002 to 2030 was 1.5% per
year. Due to strong efforts made by the OECD and other countries to minimize
the use of coal due to carbon emissions, the rate of coal consumption was prac-
tically unchanged from 2008 to 2010.But in 2021, when it increased by 6.3%, coal
consumption experienced a similar significant rebound as that of oil and natural
gas. Non-OECD countries are the consumers of about 81.5% of the coal usage
across the world. However, the consumption of coal across the world is expected
to rise by a small margin in 2022, bringing it back to the highest point it attained
about ten years ago [18].

The peaceful application of nuclear fission for electricity generation came into
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focus in the 1950s. Approximately 440 nuclear reactors generate about 10% of
the total electricity generated in the world today. Nuclear technology is the
second-biggest producer of low-carbon energy globally, accounting for 28% of
the worldwide supply in 2019. A few nuclear power plants were constructed and
first emerged in 1970, after that, the rate of nuclear energy production signifi-
cantly rose until 2006. After the accident occurred at the Fukushima nuclear
power plant, the rate of nuclear energy output started to drop and eventually
reached a minimum [19], but once again been boosted and maintained constant
throughout 2019-2021 due to the fuel problem and global warming (Figure 3).

(9] v 0 —
N

It is anticipated that renewable energy use will increase and reach 247 ex-
ajoules (~68,666 TWh) by 2050 (Figure 4). In contrast, the entire consumption
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Figure 3. Production of nuclear electricity (IAEA PRIS) [20].

of renewable energy was 42 exajoules in 2000 (or approximately 11,676 TWh).
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Figure 4. A projection of consumption of energy globally compared to energy source within the period of 2000
to 2019 along with a prediction until 2050 [21].
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The rate of consumption of coal and oil will decline over the forecast period
(Figure 4), whereas the rate of consumption of renewable energy will dramati-

cally rise [21].

2. Sustainable Energy for Development

A crucial prerequisite for development and the eradication of poverty is access to
modern energy facilities. The European countries have heavily depended on fos-
sil fuels for their development from the dawn of the industrial period. The envi-
ronmental costs that ensue, as well as the threats to the global climate, are widely
understood. The situation is getting worse as developing countries strive to catch
up economically by depending on traditional energy technologies. Therefore, it
is becoming more vital than ever to promote renewable energy sources and in-
vestigate ways to save energy globally [13]. The industrialized countries bear the
primary duty for creating technology for a sustainable global energy system. It is
advisable to encourage emerging countries to take part in this international en-
deavor. In this regard, one only needs to think back to the countries” advanta-
geous natural environments, which would make it easier to use renewable re-
sources like solar panels, wind energy from the Bay of Bengal, and hillside trails,
notably in Bangladesh.

Decentralized use of electricity generated from renewable energy offers the
greatest benefits. It can open new opportunities for underdeveloped rural areas
where it would be economically unviable to build an electricity network. This
can help fight poverty. Many developing countries may cut back on their re-
liance on imported fossil fuels and the financial strain brought on by market vo-
latility with the aid of renewable energy sources [10] [12].

The World Future Energy Summit, the largest business event for sustainability
and future energy, took place in Abu Dhabi in 2021 [22]. It placed an emphasis
on cutting-edge technology and ideas in the fields of efficient use of energy, wa-
ter, solar energy, waste management, urban planning, climate, and the environ-
ment. Government and business leaders, 840 skilled exhibitors, and 34,000 tour-
ists from 125 different countries were all there. In 2002, Johannesburg, South
Africa, hosted the first Sustainable Development Summit. By dedicating one bil-
lion euros up until 2007 for initiatives involving sustainable energy for interna-
tional development, the German government made a strong statement during
the summit. The initiative seeks to assist the partner nations improve their
access to environmentally friendly energy, fight poverty, and switch from energy
production techniques that hurt our climate and ecosystem to environmentally

favorable ones [23].

3. Renewable Energies

Renewable energy is that which is produced from resources that can be reple-
nished naturally throughout time. The term refers to energy sources such as sun-

light, wind, river flow, and geothermal heat etc. [24]. Although initiatives in-
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volving renewable energy are often large-scale, they can also be applied for rural,
remote, and underdeveloped countries [25] [26]. Renewable energy is commonly
used with further electrification to optimize the advantages of electricity. Elec-
tricity is clean at its point of use [27] [28].

Between 2011 and 2021, renewable energy reached 28% from 20% of the
worldwide supply of electricity (Figure 5). Nuclear power decreased to 10%
from 12%, and fossil fuels reached 62% from 68%. Hydropower’s contribution
dropped to 15% while solar and wind energy increased to 10% from 2% [29]
[30]. The proportion of geothermal energy increased by 1%, as did biomass.
There are 3146 gigawatts of capacity currently operational in 135 countries, even
though 156 countries have laws overseeing the renewable energy industry. China
accounted for about half of the increase in renewable electricity produced glo-
bally in 2021 [31].

Additions to renewable energy capacity
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Figure 5. Scenario of renewable energy capacity. About 45% renewable energy was in-
creased in 2020 compared to that in 2019. Among them, 90% wind energy (green) and
23% new solar photovoltaic system (yellow) [31].

Renewable energy systems account for a sizeable fraction of newly established
power capacity throughout the world, and they are quickly improving in effec-
tiveness, cost, and share of total energy consumption [32] [33] [34]. In most
countries, photovoltaic solar panels or onshore wind power are the least expen-
sive sources of electricity for new construction [35].

Globally, many countries already generate over 20% of the needed energy
from renewable sources, and others produce in excess of 50% of required elec-
tricity this way [36]. National renewable energy markets are expected to keep
growing quickly into the 2020s and beyond [37]. According to studies, it is both
technically and economically feasible to transition to 100% renewable energy in
all applications, including heating, electricity, transportation, and desalination
[38] [39] [40].

The utilization of energy-efficient technologies and renewable energy sources
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significantly boosts economic benefits, security of energy, and mitigation of cli-
mate change [41]. Renewable energy development is, however, being hampered
by subsidies for fossil fuels totaling several hundred billion dollars [42]. In sur-
veys considering international opinion, wind and solar along with other renewa-
ble energy sources have received overwhelming public approval [43] [44]. The
International Energy Agency indicated in 2021 that greater efforts are needed to
promote renewable energy in order to attain net zero carbon emissions, and it

urged an increase in generation of about 12% per year until 2030 [45].

3.1. Motives and Advantages

Fossil fuels are being consumed much faster than they are being replaced. The
sources of renewable energy are scattered over a large area, in contrast to fossil
fuels, which are mainly found in just a handful of countries. The economy and
energy security would benefit from rapid adoption of renewable energy sources,
improved efficiency, and technically diversified energy sources [40].

Additionally, it would improve public health, decrease early deaths from pol-
lution, and minimize associated expenditures that might save large sum of
money annually. Environmental contamination, such as air pollution caused by
the combustion of fossil fuels, would also be reduced [46] [47]. The costs of im-
plementing decarbonization measures can be largely compensated by quantita-
tive health gains, according to numerous assessments of these strategies [48]
[49].

Concerns regarding climate change, as well as the ongoing reduction in the
cost of some technologies that generate electricity from renewable sources like
windmills and solar power plants, are driving an upsurge in renewable energy
consumption [43]. The sector was able to survive through the global financial
crisis better than many other industries thanks to new government expenditures,
rules, and policies [50]. The IRENA anticipates that by 2019, renewables’ overall
share in the energy mix, including energy use, heating, and transportation, must

climb six times faster than the present level [51].

3.2. Prospects of Renewable Energy

The growth and development of a system for supplying energy is crucial for
any nation to accomplish the objectives of the UN Millennium Declaration.
These goals are achieved through using renewable energy resources and ener-
gy-efficient technologies in emerging nations. They enable decentralized energy
access so that even in rural areas, the problem of energy supply won’t be a bar-
rier to development. By substituting them for fossil fuels, they lessen the eco-
nomic dependence on energy imports that many countries face [52] [53] [54]
[55] [56].

The burning of coal, natural gas, and petroleum also endangers the ecosystem
and the climate worldwide. The world’s energy source must become more sus-

tainable in the future. It must provide for the basic requirements of the world’s
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impoverished without depleting the planet’s finite natural resources and endan-
gering present- and future-generational life. This may be accomplished by uti-
lizing energy more efficiently and relying on sources of clean energy such as
wind power, hydroelectric power, solar energy, and geothermal energy. Cur-
rently, renewable energy sources provide around 30% of the worldwide overall
energy needs. The sun provides the globe with enough energy to theoretically
meet all the planet’s energy needs 15,000 times over. The goal right now is to ex-
ploit some of this potential for the benefit of humanity. By the year 2050, ac-
cording to experts, renewable energy sources might supply nearly half of the
world’s energy needs [52] [57]. Many types of renewable energy exist, including
massive hydropower dams and windmills, small PV installations that power in-
dividual homes or small villages commonly named as solar home systems or
drive water pumps off the grid. Geothermal energy provides a cost-effective al-
ternative for heating and electricity generation. It is well recognized that the
energy supply has been insufficient in many developing and newly industrial
countries up to this point. There is no national electricity network serving vast
areas. Large portion of the population’s energy needs are traditionally met by
natural resources, primarily wood. Because the soil erodes without vegetation
cover, this contributes to deforestation, which in many locations causes severe
environmental concerns. This is a significant barrier to these countries’ eco-

nomic development [55].

3.3 Renewable Energies to Combat Global Warming

The primary global sources of CO,, one of the main GHGs, are electricity and
heat generation (31%), combustion of fuel for transportation (15%). Agriculture
contributes about 11%. About 72% of emissions come from all forms of energy
production. By affecting their operations, supply chains, consumers, employees,
and other stakeholders, companies in the service sector have a chance to change
the behaviors necessary to halt the most devastating effects of climate change
[56] [57].

Since the beginning of the industrial period, increasing volumes of gases have
been released into the atmosphere. The effects caused by the current energy sys-
tem on the environment are shown in Table 2 [58]. Table 3 illustrates global
emission of CO, according to region [58].

Combustion of coal, petroleum, and natural gas used in industrialized coun-
tries resulted in massive CO, emissions into the environment [8] [58]. Globally,
temperatures have increased by 0.6°C on average over the previous century, and
severe weather events like droughts, floods and massive storms have been clearly
on the rise recently. By the end of 21* century, the CO, content might be three
times what it was in the pre-industrial era. Intergovernmental Panel on Climate
Change (IPCC) predicts that temperature may rise up to 5.8°C during the next
century [6] [7] [8]. The main industry in many developing nations is agriculture.

They may suffer significant economic losses due to extreme weather conditions
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Table 2. Effects of the current energy system on the environment [53].

Energy Inherent Avoidable
source Global Local Global Local
Coal CO, Mining Acid rain Air pollution

. . Air pollution, local
Oil Co, Ocean Pollution
water resources

Greenhouse gases
Gas CO, due to leaking
pipelines

Aquatic .
Aquatic ecosystems/
ecosystems/ L .
Hydropower . . Competition with
Competition with

other water usage
other water usage

Non- . .
Nuclear ] . Radioactive waste
Proliferation

Table 3. Global CO, emissions (1990-2025) [59].

Mature market economies 10,465 11,877 13,080 13,745 14,392 15,183

North America 5769 6701 7674 8204 8759 9379
Western Europe 3413 3549 3674 3761 3812 3952
Mature market Asia 1284 1627 1731 1780 1822 1852

Transitional Economies 4894 3124 3643 3937 4151 4386

Emerging Economies 6101 9408 13,478 15,602 17,480 19,222
Asia 3890 6205 9306 10,863 12,263 13,540

Middle East 845 1361 1761 1975 2163 2352

Africa 655 854 1122 1283 1415 1524

Central and South America 711 988 1289 1480 1639 1806
Total World 21,460 24,409 30,201 33,284 36,023 38,790

and shifting climatic circumstances. The countries with developing economies
under consideration face a serious threat to their existence from climate change,
particularly for the less wealthy parts of the population [8]. The industrialized
countries bear most of the blame for this. As quickly as feasible, they will need to
switch to the production of renewable and CO,-free energy. Investments in

greater energy efficiency are a crucial component of climate change policy.

3.4. Renewable Energy Power Generation

3.4.1. Solar Energy
Sunlight is harnessed utilizing a range of technologies such as photovoltaics,
concentrated solar power (CSP), concentrator photovoltaics (CPV) and synthet-

ic photosynthesis [60] [61]. Solar energy now accounts for the majority of new
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renewable energy [62]. Together with CSP, solar PV technology has the greatest
potential of all the renewable energy sources. It has become a rapidly expanding
multi billion-dollar business [63] [64]. CSP devices use mirrors, tracking me-
chanisms, and lenses to concentrate a broad region of sunlight into a tiny beam.
The first commercially viable concentrated solar power facilities were built in the
1980s. The most effective solar energy technology by far is CSP-Stirling. Figure

6 displays global maps of horizontal sun irradiation.
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This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.

Figure 6. Global map of horizontal irradiation [65].

The IEA stated in 2011 that there will be tremendous long-term benefits from
the development of clean, affordable solar energy technology. By relying on a
local, limitless, and largely import-independent resource, it will promote sustai-
nability, reduce pollution, lower the cost of tackling climate change, and guar-
antee lower fossil fuel expenditures. These advantages are universal. As a result,
the increased expenses associated with initial deployment should be seen as ex-
ploring expenditures; they need to be carefully planned for and budgeted [60].
About 505 GWh per year, or about 2% of global electricity, comes from solar
energy. Anywhere that receives sunshine can be used to generate power using
solar energy, but the amount that can be used depends on the weather, the loca-
tion, and the time of day [66]. The IPCC 2022 climate mitigation report states
that direct solar energy has a much greater global potential than any other re-
newable energy source. It goes much above the entire energy required to support

mitigation during the 20™ century [67]. The world’s highest percentage of solar
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energy is found in Australia, which will meet 9.9% of the nation’s electrical
needs in 2020 [68]. Over 30 percent of Australian residences currently have
rooftop solar PV systems installed, having an overall power generation capacity
of in excess of 11 GWh [69]. Table 4 displays the global electricity power gener-
ation capacity based on solar-based technologies.

Table 4. Global electricity generation using solar-based technologies.

Electricity generation capacity 849.5 GWh (2021) [70]

Annual growth rate of electricity 26% (2012-2021) [71]

generation capacity

Percentage of generated electricity 2% (2018) [35]

Leveled price/MWh USD 38.343 for Utility-scale photovoltaics
(2019) [72]

Basic technologies CPV, PV, solar thermal collector

Additional uses of energy Heating, ventilation, and air conditioning

(HVAC); water treatment; water heating;
cooking; water treatment

One of the most promising sources of renewable energy in Bangladesh is solar
energy, which experiences more than 300 sunny days annually with an average
solar radiation of 5 kWh/m® This is because the country lies 2668.68 kilometers
north of the equator, placing it in the northern hemisphere. To encourage the
use of renewable energy, the government of Bangladesh has already started the
“500 MWh Solar Power Mission”. Solar energy, wind energy, hydropower etc.
can all help to partially meet the country’s energy needs. Considering this, efforts
are being undertaken to create visible light-sensitive nanomaterials and to mi-
neralize organic contaminants in industrial wastewater while under solar radia-
tion [73] [74] [75] [76] [77].

3.4.2. Wind Energy

One of the promising renewable technologies is wind energy. Wind turbines can
be operated by air flow. Modern utility-scale wind turbines have rated powers
that range from around 600 kWh to 9 MWh. Since the power produced by the
wind is a function of the wind speed, as the wind speed climbs, the turbine’s
power output reaches its maximum level [78]. Wind farms are typically located
in locations with stronger, more consistent winds, like coastal and high-altitude
locations. The typical annual full load periods for windmills range from 16% to
57%; however, in particularly advantageous offshore areas, they may be greater
[79].

Large-scale wind turbine installation would be necessary for this, especially in
locations with abundant wind resources. Offshore wind resources can produce
significantly more electricity than turbines that are installed on land since their
average wind speeds are about 90% higher than those on land [80]. Table 5 illu-

strates the amount of electricity produced worldwide utilizing wind-based tech-
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nologies.

Table 5. Global electricity generation using wind-based technologies.

Electricity generation capacity 824.9 GWh (2021) [81]

Annual growth rate of electricity 13% (2012-2021) [71]
generation capacity

Percentage of generated electricity 5% (2018) [31]

Leveled price/MWh USD 30.165 for land-based wind (2019) [82]
Basic technologies Wind turbine
Additional uses of energy Windmill, windpump

With 466.5 TWh of wind energy produced in 2021, or more than 29% of the
total 1596.4 TWh produced worldwide, the largest producer of wind power
worldwide is China. With 139 GWh worldwide, the USA is the second-largest
generator of wind energy [83]. On the other hand, at Sonagazi upazila, Feni dis-
trict, Bangladesh constructed only a 0.9 MWh wind-based power plant in 2005.
Three years later, a 1 MWh wind power plant was constructed in Kutubdia,

Cox’s Bazar.

3.4.3. Hydropower

A current of water flowing slowly or a mild sea wave can produce enormous
amounts of energy. Water has the highest conversion efficiency of all renewable
energy sources, producing electricity at a rate of nearly 90% [84]. Large struc-
tures such as reservoirs and dams provided hydroelectric energy in the past [85].
The largest of them are the Itaipu Dam (1984), constructed by Brazil and Para-
guay, and the Three Gorges Dam (2006) on the Yangtze River by China. Hy-
droelectric power plants are generally capable of producing up to 50 MW of
power. The largest generator of hydroelectricity worldwide is China, with more
than 45,000 small hydroelectric facilities [86].

Without building a sizable reservoir, run-of-the-river hydroelectricity gene-
rators harness the power of rivers. After being moved down the river bank (via
pipelines, tunnels, channels etc.) it is lifted above the valley floor in order to
drive a turbine. A penstock is typically left open to let the water fall through. A
significant amount of energy can be generated by a run-of-river plant which is
comparable to the Chief Joseph Dam on the river Columbia in the United States
[87]. Even though run-of-the-river hydroelectric power plants are really small or
tiny.

In 2010, the Asia-Pacific region produced 32% of the world’s hydropower,
which is produced by about 150 countries. The majority of the electricity pro-
duced by 46 of the top 50 countries in terms of the use of renewable energy
sources is hydroelectric [34]. The Itaipu Dam in Brazil, the Guri Dam in the
country of Venezuela and the Three Gorges Dam in China are the only hydroe-

lectric power operations that now produce more than 10 GW of electricity [88].
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As hydropower is highly adaptable, it complements wind and solar energy [89].
The amount of electricity generated globally using hydro-based technologies is
shown in Table 6.

Table 6. Global electricity generation using hydro-based technologies.

Electricity generation capacity 1230.0 GWh (2021) [90]

Annual growth rate of electricity generation capacity 2.5% (2012-2021) [71]

Percentage of electricity generated 16% (2018) [31]

Leveled price/MWh USD 65.581 (2019) [91]

Basic technologies Dam

Additional uses of energy Pumped storage, mechanical power

The only hydroelectric power plant in Bangladesh is at Kaptai in the Ranga-
mati district. The facility steadily produced 230 MWh of power between 1962 and
1988 by starting up five units. The installation of two additional hydro-based units

at the same location is also being planned [92].

3.4.4. Geothermal Energy
Radioactive disintegration of minerals are the sources of Earth’s geothermal
energy [93] [94]. Deep under the Earth, up to 6400 kilometers below the surface,
heat can be exploited to generate geothermal energy. Over 5000°C may be
reached at the core. The granite surrounding the center radiates heat. Due to its
lesser weight than solid rock, magma convects upward. The rock and water in
the crust are then heated by this magma to temperatures as high as 371°C [95].
The Earth’s crust is used as a thermal battery to generate renewable thermal
energy for the purposes of home and commercial refrigeration, and other things.
This is known as low temperature geothermal [96]. This form of geothermal
energy transfers heat energy to and from Earth based on a seasonal change for
cooling and heating using a geothermal heat pump and ground-coupled heat
exchanger. Thus, as part of the continuous transition to net zero energy [97], low
temperature geothermal/GHP is gaining national attention and support through
a variety of tax credits [98]. Table 7 displays the total amount of electricity pro-

duced worldwide using geothermal-based technologies.

Table 7. Global electricity generation using geothermal-based technologies.

Electricity generation capacity 15.6 GWh (2021) [99]

Annual growth rate of electricity generation capacity 4.5% (2012-2021) [71]

Percentage of generated electricity <1% (2018) [31]
Leveled price/MWh USD 58.257 (2019) [100]
Basic technologies binary cycle power stations, dry

steam and flash steam

Additional uses of energy Heating
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Geothermal is the most reasonably priced clean energy. Due to the power cri-
sis and the potential for producing electricity from geothermal energy, there is a
big chance to find investment for geothermal energy in Bangladesh’s power sec-
tor. The first geothermal power station in Bangladesh of 200 MWh capacity will

be built by a private enterprise.

4. Connecting Various Sectors and Incorporating into the
Energy System

In comparison to fossil fuels and nuclear technology, the production of renewa-
ble energy is more erratic and geographically distributed. Technically, it is feasi-
ble to include it into the overall energy system, but doing so introduces new
problems including lower system inertia and higher production volatility [101].
The risks and expenses associated with the deployment of renewable energy can
be decreased by installing energy storage facilities and smart power systems
where energy is automatically utilized as it is produced [102].

Flexibility might be improved by combining the power-producing sector with
other industries. Using electric vehicle charging stations and power transmission
to the grid, for instance, can couple the transportation sector [103]. Similar to
how the building sector and the industrial sector can be correlated by thermal
energy for heating and cooling [103], the building and industrial sectors can be
linked by electrolysis-produced hydrogen [104].

When more energy is produced then needed, extra electricity is stored, particu-
larly for intermittent sources like wind, tidal, and solar power, and released back
into the system when use falls. Hydroelectricity provides nearly 85% of all power
storage in pumped storage [105]. Batteries are being employed more commonly

for grid ancillary services, household storage, and other applications [106] [107].

5. Trends in Markets and Industries

Solar energy is the most common of the new renewables, followed by wind, hy-
dropower, and biofuels [108]. Compared to coal, gas, or oil, investments in re-
newable energy, particularly solar energy, typically have a higher employment-
creating potential [109] [110]. As of 2020, there were 12 million people em-
ployed by renewables worldwide, with solar PV accounting for roughly 4 million

of those employed [111].

5.1. Growth of Renewable Energy Sources

According to a recent review of the literature, high liability mitigation values will
provide potent encouragement for the implementation of renewable energy
technologies if emitters start to be held accountable for damages arising from
GHG emissions that contribute to changes in the climate [112]. Between 2010
and 2019, the globe invested US$2.7 trillion in renewable energy capacity, with
China ($818 billion), Japan ($210.9 billion), the United States ($392.3 billion),
Germany ($183.4 billion), and the United Kingdom ($126.5 billion) making up

DOI: 10.4236/epe.2024.162003

57 Energy and Power Engineering


https://doi.org/10.4236/epe.2024.162003

A. F. M. M. Rabbani et al.

=

™

500
450
400
350
300
250
200
150
100

50

the top five contributors [113]. This was an increase from the amount invested
in the 10 years between 2000 and 2009 by at least three to four times [114].

5.2. Projections of the Future

The IEA forecasted in research published in May 2022 that despite cost increases,
renewable energy would still be viable in 2023 despite fossil fuel prices rising more
quickly [108]. Solar PV installations would reach approximately 200 GWh by
2023. Both Europe and China are predicted to establish more renewable energy
than the United States. India and Indonesia’s transport regulations will contribute
to a rise in biofuel consumption in both countries in 2023 [108]. Executive director
of the IEA stated that countries should increase their investments in renewable
energy to “lift the strain on users from high prices of fossil fuel, increase the secu-
rity of our energy infrastructure and put the world on pace to meet our climate
goals” in June 2022 [114]. Increasing direct heating from renewable sources like
geothermal and solar thermal is part of China’s five-year strategy until 2025 [115].
The EU’s Repower EU strategy, which aims to decrease its reliance on Russian fos-
sil gas, is anticipated to ask for significantly cleaner hydrogen [116].

The World Resources Institute and other significant US businesses met in July
2004 and decided to adopt more renewable energy sources. The discussion unco-
vered a number of guidelines including collaboration, availability of third-party fi-
nancing options, cost competitiveness, longer-term fixed pricing suppliers, and
choice [117]. The proportion of demand satisfied by renewables for “other final
users,” which are predominantly the service and commercial sectors, which
consume relatively substantial amounts of electricity, and industry, varies from a
low of 3.4% to highs of over 20%, according to UK statistics (as of September
2020) [118]. By creating infrastructure for renewable energy sources like solar,
photovoltaic, wind, and nuclear power, the Bangladeshi government hopes to

reduce carbon emissions, which are projected to reach zero by 2050 (Figure 7).

Energy Source
' Renewables

) Hydrogen

{ Fossil

2015 2020 2030 2040 2050
Years

Figure 7. A projection of zero carbon emission in Bangladesh by 2050 [119] [120].
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6. Specific Trends in Technologies

6.1. Hydroelectricity

The capacity of renewable hydropower worldwide in 2020 was 1330 GWh [121].
The projected 14,000 TWh/year hydropower potential of the world has only
been utilized in a third of its total capacity [89] [121]. Due to their significant ef-
fects, such as community relocation, flooding of wildlife habitats, and agricul-
tural land, new hydropower projects are met with criticism from the local com-
munity [122]. Therefore, the main obstacles for new developments are high costs
and development time from the permission process, risk assessments, as well as
a lack of social and environmental acceptance [123]. If the conditions allow, ex-
isting dams, like the 1985-built Russell Dam, may be updated with “pump back”
capabilities for pumped-storage, which is beneficial for peak demands or to sus-
tain sporadic wind and solar output. VRE is less valuable than dispatched energy
[124] [125], thus nations with extensive hydroelectric development, like Canada
and Norway, invest billions to modernize their infrastructure and participate in
trade with neighbors with little hydro [126].

6.2. Development of Wind Energy

Wind is an eco friendly source of renewable energy. Additionally, once a turbine
is built, operating expenses are almost minimal because wind is a free resource.
Since 1996, there has been an enormous rise in the usage of wind energy due to
mass production, technological advancements, and government tax incentives

that make turbines more affordable (Figure 8).

6.3. Thermal Solar Energy

From 1.3 GWh in 2012 to 5.0 GWh in 2017 [128], solar thermal energy’s capaci-
ty has increased. With 2.3 GWh capacity, Spain has the world’s largest opera-
tional solar thermal power capacity [128]. California accounts for 1.4 GWh of
the 1.8 GWh in the United States, which are all from solar thermal power
projects [129]. The Mojave Desert in the southwest of the United States has seen
the construction of several power facilities. Only four other nations, South Africa
(300 MWh), India (229 MWh), Morocco (180 MWh), and the United Arab
Emirates (100 MW), had installations exceeding 100 MWh as of 2017 [128]. The
US invested a lot in research into concentrated solar electricity and photovol-
taics. The Southwest desert is home to some of the largest utility-scale solar ar-
rays in the world. The oldest solar thermal power plant currently in operation is
California’s 354 MWh SEGS thermal power facility [130]. With a gross capacity
of 377 MWh, the Ivanpah Solar Electric Generating System is a solar-powered
thermal power plant located 64 km southwest of Las Vegas in the California
Mojave Desert [131]. A solar power facility with a capacity of 280 MWh was
completed in 2013 close to Gila Bend, Arizona [132]. Three integrated solar
thermal/combined-cycle gas-turbine power projects have received the World
Bank’s approval for poor countries, including Egypt, Mexico, and Morocco [133].
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Figure 8. Expansion of wind power capacity globally (1996-2018) [127].

6.4. Photovoltaic Development

The global capacity of PV increased from 177 GWh at the end of 2014 to 385 GWh
in 2017 [128]. Thin-film solar cells make up around 10% of photovoltaic installa-
tions worldwide, despite crystalline silicon being the most used PV technology.
The efficiency of generating electricity from PV technology has increased recently.
Its installation cost per watt and energy payback time have decreased, and by 2014,
at least 30 distinct markets have reached grid parity [134]. Building-integrated
photovoltaics, often known as “onsite” PV systems, make use of existing land and
buildings to generate electricity near to where it will be used [135].

Regarding the pace of growth of photovoltaics, Japan and China came in
second and third, respectively. Solar photovoltaics and concentrated solar power
are expected to contribute 16% and 11%, respectively, to the world’s electricity
production by 2050. To achieve this, installed PV capacity must expand to 4600
GWh, with more than half of that capacity likely to be installed in China and In-
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dia [136]. In the 1980s, the first commercial concentrated solar power facilities
were developed. With the cost of solar electricity falling, utility-scale solar power
plants with very large capacities are being built, and over one million solar PV
units are now linked to the grid. Many solar photovoltaic power plants have
been built, mostly in Europe, China, and the US [137]. The largest PV power
plant in the world is the 1.5 GWh Tengger Desert Solar Park in China.

6.5. Development of Geothermal Energy

12.9 GWh of geothermal energy was produced worldwide in 2017 [128]. Geo-
thermal energy is inexpensive, reliable, economically viable, and harmless to the
environment [138], but has traditionally only been used in regions close to tec-
tonic plate boundaries. Geothermal wells generate GHGs that are deeply buried.
However, these emissions typically have a far lower energy density per emission
than those from fossil fuels. If geothermal energy is employed extensively in
place of fossil fuels, it has the potential to mitigate global warming. With 12.9
GWh of installed capacity in 2017, the United States lead the world in geother-
mal energy generation [128]. The Geysers, a geothermal area in California, has
the world’s highest number of geothermal power plants [139]. With 1.9 GWh of
capacity online, the Philippines is the second-highest geothermal electricity
producer [128].

6.6. Renewable Energy in Developing Countries

As emerging nations expand their energy supply and combat energy deficiency,
renewable energy is being employed as a substitute for fossil fuel energy more
frequently. Since 2015, non-hydro renewable energy investments in underdeve-
loped nations have outpaced those in rich nations and made up about 54% of all
investments in renewable energy globally in 2019 [114]. According to the IEA,
renewable energy will account for 42% of supply growth in China and much of
the growth in energy supply in Africa, Central and South America, through 2030
[140]. The majority of developing countries are well endowed with substantial
geothermal energy, solar, wind resources for energy production, in addition to
the capacity to manufacture the rather labor-intensive equipment required to
harness them. Developing nations may be able to reduce their dependency on
fossil fuels and create energy inventories that are more resilient to price hikes by
encouraging the advancement of such energy sources. These investments may

often be cheaper than energy systems that use fossil fuels [141].

6.7. Current Status of Energy in Bangladesh

In the contemporary world, having a supply of electricity is considered a basic
human right. The government of Bangladesh has made a number of actions to
electrify large populations and regions [142]. Additionally, they support the es-
tablishment of industries, factories, and commercial districts in order to boost

the Gross Domestic Product (GDP) and get the country closer to the status of
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developed nation. The overall usage of energy in 2021-2022 was 85,607 GWh,
indicating a notable rise of almost 5184 GWh in comparison to the year before.
This increased trend in consumption is anticipated to reach a rate of 7% (Figure
9) [143]. Current predictions show that about 5700 MW more electricity genera-
tion needs to be ensured by 2040 in order to reach the ever-increasing demand.
As of June 2023, Bangladesh has constructed a 26,007 MW plant capacity using a
variety of fuels, including natural gas, coal, furnace oil, and diesel [144]. Renew-
able energy sources, however, are increasingly contributing more and more. The
nation’s daily total electricity production is about 12,500 MW, with a peak rec-
orded output of 14,800 MW. Because of the harsh weather throughout the sum-
mertime, there is a huge increase in power demand. The nation is now pro-
ducing somewhat more than 50% of its total installed capacity, although hav-
ing a sizable installed capacity [144]. The main cause of this disparity is the
insufficient availability of petroleum and petroleum products, specifically pe-
troleum, gas, and coal. Many plants are thus forced to run in less than their

rated capacity.

57,000

45,000

34,000

30,000
21,300
18,500
= . I

Year

Mw

W2022 w2024 w2026 2028 w2030 w2035 w2040
Figure 9. Prediction of electricity demand in Bangladesh up to the year 2040 [143].

It is clear from the facts that natural gas plays a major role in the nation’s
power production infrastructure, which together generate a significant 44% of
the total everyday power generated [144]. There are a number of issues with this
over dependency on gas supplies. In particular, according to the yearly invento-
ry, the production of electricity using gas-based methods used around 46% of
the entire amount of gas recovered from various gas sources in the year prior.
Encouraging the development of hydroelectricity, solar electricity, and wind
power installations can reduce the demand on gas supplies and strengthen the

power sector’s resilience.

DOI: 10.4236/epe.2024.162003

62 Energy and Power Engineering


https://doi.org/10.4236/epe.2024.162003

A. F. M. M. Rabbani et al.

6.8. Possibility of Renewable Energy Establishments in Bangladesh

According to Bangladesh’s geography, the sun, hydroelectricity, wind, and biofuel
are acknowledged as the main sources of renewable energy. With their 1183 MW
of installed capacity up to the end of June 2023, these sources of electricity only
make up 4.5% of all the total capacity in the nation. When it comes to these re-
sources, solar power leads the pack with an approximately eighty percent con-
tribution, which includes both isolated and on-grid systems [144] [145]. A mas-
ter plan is currently devised to gradually enhance production from these sources
of electricity in the upcoming years. Nonetheless, the projected role of renewable
energy is still about 10% by the year 2040 [143] [146].

In 2014 to 2017, government of Bangladesh in collaboration with some private
organizations ran an assessment of wind power generation in multiple areas
throughout the country, result of which suggested installation of large-scale
wind power generation facilities to be futile due to low to moderate wind speed
in most areas of the country and a barrage of natural calamities that affect the

coastal areas [147].

6.9. Challenges of Renewable Energy in Bangladesh

One of the countries most adversely impacted by climate change is Bangladesh.
Various studies highlight the risk that coastal areas and those bordering river-
banks that are constantly eroding and flooding, which also make policy and the
development of renewable energy networks more difficult. Bangladesh needs to
find solutions to a number of additional problems in order to quickly create a
favorable condition in the national power system. A lack of motivation for in-
vestors from the private sector also exists as shown by the following: insufficient
coordination between ministries; procedural problems; a small budget allotted to
RERs-based projects; a slow adoption of new technologies; a lack of knowledge
of and compliance to green building regulations; and a lack of electrical infra-

structure to cope with increased capacity and demand.

7. Strategy

The strategy aims to improve refugee protection and well-being by increasing
the sustainable use of renewable energy sources on a worldwide scale, with the
participation of host communities and other stakeholders. Despite the fact that
most nations today have some sort of energy policy, Europe took the lead in the

development of energy policies in the 2000s [148] [149].

7.1. Strategy Trends

The IRENA works to encourage usage of renewable energy all throughout the
world. It attempts to support capacity building and technology transfer while
offering specific policy recommendations. As of April 2019, IRENA has 160
members [150]. Former UN Secretary-General Ban Ki-moon asserts that re-

newable energy can boost wealth in the world’s poorest nations [151]. The UN
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Sustainable Energy for all program was launched in September 2011, with the
goal of increasing access to energy, productivity, and the adoption of renewa-
ble energy [152]. Many countries were inspired to create or enhance renewable
energy regulations by the 2015 Paris Agreement on climate change [39]. In
2017, 121 countries adopted a renewable energy policy, with Bangladesh being
one of the signing countries [153]. In 176 nations, national targets were in
place that year. There are also a variety of policies at different administrative
levels. Some public utilities provide planning or installation assistance for
home energy upgrades. Green banks have been established by numerous local,
state, and federal governments. A green bank is a type of financial organiza-
tion that resembles a quasi-public entity and leverages public funding to en-
courage private funding for energy-efficient technology [154]. A variety of fi-
nancial tools are used by green banks to close market gaps that limit the broad
use of sustainable energy. Achieving carbon neutrality by 2050 is the main goal
of the European Green Deal [155]. The European Union must decarbonize its
energy system in order to attain its goal of climate neutrality of “net-zero GHG
emissions by 2050”. Scheme 1 shows how energy strategies and policies could
gradually reduce GHG emissions; by 2050, it is anticipated that emissions will

be net-zero.

7.2. Renewable energy

To be 100% renewable, energy must originate entirely from sustainable sources.
Concerns about the effects of climate change, pollution, and numerous other en-
vironmental issues, as well as economic prosperity and security of energy, are
driving the effort to utilize entirely renewable energy for transportation, heating,
cooling, and electricity. Since non-renewable fossil fuels now account for the
vast bulk of energy production, a shift in the global energy system is necessary if
renewable energy sources are to replace them as the dominant source of energy
for the entire planet.

Prior to 2009, there was little study on this subject matter published, but at-
tention has grown in subsequent years. A significant number of studies show
that switching to solely renewable sources of energy in all sectors, including
electricity, heat, transportation, and desalination, is both technically and fiscally
possible [38] [39] [157] [158]. The idea that the most effective answers can only
be found if one focuses on creating synergies among all sectors of the energy
structure, including electricity, heat, transportation, or industry, is seen as a key
component of 100% renewable energy systems [159]. Adoption of large-scale
renewable energy and clean energy technologies is expected to encounter more
political and social challenges than technological or economical ones [160]. The
primary impediments, according to the 2013 Post Carbon Pathways study, which
examined many worldwide studies, include climate change denial, the fossil fuels
lobby, political rigidity, excessive and inefficient energy consumption, obsolete

energy infrastructure, and economic constraints [161].
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Scheme 1. Energy strategies and policies to achieve net-zero GHG emissions by 2050 [156].

8. Conclusions

Renewable energy comes from resources of nature that regenerate themselves
without depleting the wealth of the planet in a period of time less than a human
lifetime. Resources such as wind, tide, biomass, solar energy, thermal energy etc.
have the benefit of being accessible practically everywhere in some fashion. They
nearly never end. More importantly, they don’t significantly damage the ecology
or the climate. There are only finite reserves of fossil fuels like petroleum, coal,

and natural gas. Eventually they exhaust themselves through constant extraction.
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The natural mechanisms that make them do not, however, cause them to reple-
nish as quickly. The usage of fossil fuels is still widespread the present day, and
their costs are still heavily subsidized. In the meanwhile, the pollution they
cause—which includes dangerous particles and greenhouse gases which damage
the environment—has reached record heights. Furthermore, the consequences
are catastrophic when something goes wrong, such as when the Deepwater Ho-
rizon oil rig blew in 2010. Renewable energy has grown faster than any other
form of energy since 2011 overall. A new record was reached in 2021 when the
currently operational electrical production from renewable energy expanded by
a whopping 314 GWh. At the moment, renewable energy sources contribute ap-
proximately 29 percent of our daily energy demands, and that number is conti-
nuously increasing.

Key benefits of renewable energy for people and the planet
e Renewable energy emits no or low greenhouse gases

The combustion of fossil fuels produces substantial amounts of greenhouse
gases. The majority of renewable energy sources are cause of next to no emis-
sions even when the complete life cycle of the technology is taken into account.
e Renewable energy emits minimal amount of air pollutants

The growing consumption of petroleum and coal for transportation, industri-
al activities, and power generation (as well as the continual combustion of trash
in many cities) is to blame for rising air pollution levels. Particles as well as other
air pollution created by fossil fuels physically choke cities. According to WHO,
they cause millions of unnecessary fatalities over metropolitan areas as well as
cost large sum of money [162] [163]. Renewable energy serves as a potent driver
of social and economic advancement rather than consuming valuable resources
and harming the environment.
® Renewable energy comes with low costs

Rising energy costs and restricted availability of resources are typically asso-
ciated with geopolitical upheaval and conflict. Locally generated renewable
energy can be less vulnerable to supply chain issues, rising costs, and geopolitical
issues. The Bangladeshi government intends to create a new renewable energy
policy by 2050, which will further the development of the solar/PV industry. As
Bangladesh prepares to switch from fossil fuel to unique fuel sources that are
truly clean, renewable, and safe, it is predicted that renewable energies will play a
vital role in the upcoming years. It should be noted that the government of Ban-
gladesh has previously decided to build nuclear power plants (2400 MWh), and
the plants are now being built. One of the two facilities is anticipated to be oper-
ational by the end of 2023, and the other one by the start of 2024. The Bangla-
deshi government is willing to build two additional nuclear reactors by 2041 in

order to completely eliminate carbon emissions by the year 2050.

Data Availability

All the data used to write this article is shown in detail in Tables.
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Abbreviations

CCGTs Combined-cycle gas turbines

CPV Concentrator photovoltaics

CSpP Concentrated solar power

DC Direct current

GHG Greenhouse gas

GHP Geothermal heat pump/Low temperature geothermal
HVAC Heating, ventilation and air conditioning

IEA International Energy Agency

IRENA International Renewable Energy Agency

ISES International Sustainable Energy Summit

IPCC Intergovernmental Panel on Climate Change

NO, Oxides of nitrogen

NREPAP National Renewable Energy Policy and Action Plan
OECD The Organization for Economic Co-operation and Development
PM Particulate matter

PV Photovoltaics

SEGS Solar energy generating systems

SO Oxides sulfur
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