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Abstract: Recently, scientific research and development focus on nascent technology to solve the global energy crises, and results in innovative 
approaches for resource exploitation and sustainable disposition to improve energy generation and utilization. Hence, support better socio-economic 
performance and environmental management. In spite that, we are approaching a turning point and by the dawn of a new century, move to a 
revolutionized industry 4.0 era, and the urgency to review the renewable energy options (wind, solar, oceans, hurricanes, volcanoes etc.). We performed 
a survey on different renewable/clean energy technology/resources, their technical capabilities, and economic viability based on the energy returned on 
energy invested. Thus, the basic principle behind clean energy options is briefly described. The author explores the cost potential, challenges, and 
promise of these energy resources in the near future for sustainable energy solution. Last but not least, we draw conclusions on strategic reasons and 
importance for the continuous investment in environmentally friendly energy dispensation to develop what lies beyond the current energy scenario-
globally. 
 
Index Terms: Nascent technology, Renewable energy option, Resource exploitation, Socioeconomic performance and environmental 
management.   

——————————      —————————— 

 

1. INTRODUCTION 
The need to overcome challenges of sustainable energy 
supply leads to more search on alternative sources, and 
renewable energy production [1], [2]. According to the report 
on global warming, caused by greenhouse gas emission, 
fluctuating oil prices, and the rising electricity demand in 
developing countries clearly shows the need for new solutions. 
The Paris agreement in which 196 countries were gathered in 
December 2015 urged to keep the global average temperature 
rise below 2°C above the pre-industrial era level by the end of 
the current century. Hence, the need for accelerating the 
transition out of the fossil fuels era is emergent [3], [4]. 
Depending thoroughly on renewable energy seems to be a 
good target to hit by the mid-century. Thus far, RE counts for 
only 18.2% of our global energy consumption while the 
remaining 79.5% is covered by oil, gas, coal, and about 2.2 of 
nuclear energy [5]. In this work, we first discuss briefly the 
basic principles, and a little on nascent innovations of different 
types of renewable energy resources namely, solar energy, 
hydropower, wind, geothermal, biomass, and energy of the 
future such as hydrogen storage and nuclear fusion. Later, we 
sketch our vision for the future of energy on our planet. We 
start up using a mix of RE and non-RE before moving to the 
use of only pure RE, and this period will last for a few decades. 
The timeline for a transition to the energy source of future and 
what is beyond this era, i.e., a shift to support the fourth 
industrial revolution disposition, is also studied. 
 
The prospects for renewable energy to intervene and help the 
global energy mix is essential, and require more commitment 
and advancement of modern technologies, and energy-
efficient approach and financing framework to actualize the 
goal [6]–[8]. This is possible, especially for use, in the scope 
of; (1) Electric vehicles and liquid biofuels in transport (2) 
electricity generation for industries (3) renewables, heating 
and cooling in buildings, to mention few. More so, is 
achievable through (1) accelerated renewable energy 

investment (2) internalizing external costs (3) variable 
renewable electricity integration (7) synergies with energy 
efficiency (4) sustainable bioenergy markets (5) universal 
access to modern energy with renewables (6) R&D and 
technology breakthroughs [9] 
 

2 ALTERNATIVE AND SUSTAINABLE ENERGY 

SYSTEMS 
From an economic point of view, Energy Returned Over Energy 
Invested (ERoEI) is a reliable indicator of how viable a source 
of energy is. Experts are persuaded that ERoEI should exceed 
3:1. The breakeven point of 1:1 is far from being economically 
worthwhile. The ERoEI for is at 80:1, which seems to be 
extremely economical, regardless of its harmful impact on the 
environment. Table 1 shows different ERoEI for different RE 
compared to coal. Also, while the cost of RE promulgation 
reduces globally and the acceptance of the various 
technologies that are installed in the rural and developed 
settlements, it is undoubtedly a renaissance in the energy 
sector which has a probable, and a relatively long way to go 
before being competitive with the non-RE [10].  
 
TABLE 1 ERoEI of different energy sources [11], [12]  
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Recent observation guides the thought that not all renewable 
energy resources are sustainable. Biomass-wood, for 
instance, is renewable but not sustainable. Furthermore, 
renewable energy resources can be non-sustainable if they are 
exploited at a high rate not to be able to be regenerated. In 
this sense, sustainable energy should meet today‘s demand, 
and the future needs for energy [13]–[15]. 
 
2.1 Solar Energy 
The energy from the sun which is abundant and limitless 
resource is capable to serve 1/6 of world‘s total low 
temperature heating and cooling by 2050 [16], with 
temperature of about 10 to 15 mega kelvin, 600 million tons of 
hydrogen nuclei fuse to form helium and then daily release one 

septillion (1024) Joules of  energy.  Nevertheless, only 5 × 

10−8 percent of this energy reaches the surface of the Earth 
since it is absorbed through the one astronomical distance of 
space (beyond 150 million kilometers) in addition to about 10 
km of the atmosphere surrounding the Earth [17]. This 
important energy of the Sun can be used mainly for either: 
 

1) Passive Solar Energy 
The key for such an approach is based on well engineering 
the building design in order to harness as much as possible of 
useful sunlight. A combination of climatology and 
thermodynamics are the building blocks of such a technology. 
The Concentrated Solar Power (CSP) serve to generate 
electrical energy, either in form of heat when solar radiation is 
collected and magnified. Thus, a specific fluid is heated to 
subsequently produce steam, the generated heat could be 
used directly or stored in a special thermal insulating salt as 
simple heat for buildings or to turn turbines and then to 
produce electricity. Otherwise, the solar radiation is converted 
using photovoltaic cells. 
 

2) Photovoltaic Plants (PV) 
PV devices are capable of converting directly light into 
electricity. They are mostly fabricated from semiconducting 
materials (silicon). The different configurations of CSP 
systems with the potential to generate electricity may range 
from the use of either solar tower, parabolic troughs/dishes, or 
the linear Fresnel reflector designs fig.1(a, b, and c 
respectively), with every single model having its associated 
risks, cost implication and operational and technical 
requirement [18]–[20]. The rising technology in photovoltaic is 
the concentrated solar PV. The CPV system, optimally 
operates by transmitting heat energy from a heat receiver 
module unto a thermal collector which relays the heat potential 
(depending on the design) via a specified working fluid to turns 
a turbine at any given instance to generate electricity. While 
the parabolic trough technology seemed the most popular and 
robust system nowadays, the linear Fresnel design is fast 
developing and holds even more significant potential due to 
the material requirement, cost, land management, operational 
efficiency and development in their thermal storage capability, 
and etcetera.  Regardless, the CPV technologies are in most 
cases required to operate as hybrid and integrated with energy 
storage systems to deliver more on their performances. 
 

 
Figure-1. Illustration of the Solar tower, parabolic troughs, and 

linear Fresnel solar reflector technologies [21]–[23] 
 
These technologies are widespread across the north and 
south-western regions of America, Spain, United Arab 
Emirates, few Asian countries including India and China, and 
most impressively, Morocco and South Africa, as per the 
continent of Africa. 

 
2.2 Wind Energy 
The tendency due to the land area on the Earth, in the vicinity 
of the equator, or the harnessed heat from principally the infra-
red region of the solar spectrum is greater. The generated heat 
gradient drives air to move in the form of wind. This natural 
phenomenon is exploited by wind machines (turbines). 
Commonly, we can distinguish two classes: horizontal-axis 
and vertical-axis turbines. The two turbines when gathered at 
larger scale, they form wind farms. The wind energy ERoEI is 
economically viable with growing interest demonstrated in fig. 
2, also, since it is 18:1 regardless of the noise effect and the 
reported incidence in birds dying while flying over the farms. 
The power of a wind turbine can be estimated using this 
formula: 
 
 
 

 
        

Where A is the area scanned by a rotor: π × R² (m2), R is the 
pale radius, V speed of the wind (m/s) and ρ is air density (1.23 

kg/m3 at 15 °C, 1.0132bar). 
 
 
 

(1) 
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Figure 2. Cumulative worldwide installed wind power capacity 
from 1990 to 2015, and annual installed capacity, in gigawatts 
(GW) according to author [24] 

 
2.3 Hydropower Energy 
The concept of hydropower id achieved from the flow or fall of 
water in rivers, lakes or when stored in dams, with the 
potential which translates to mechanical energy, and 
convertible to electricity by turning a grand electromagnet 
rotor contained within a cylindrical stator itself formed of coils. 
The water power pushes the blades of the turbines, the rotor 
spins then according to the law of Faraday‘s. Hence, a 
variation of a magnetic field flux induces a current generation 
(fig. 3). Today this is the most adopted form of electricity 
generation amongst other renewable resources, and popular 
in both developing and developed countries. The technology, 
however, impact negatively on oceanic ecosystem; from 
debris owing to construction and maintenance works, to poor 
oxygen level in the water due to operational activities in the 
dam. The power produced by a dam can be quantified as: 
 

 

where P: power (W), ϕ: water flux (m3/s), h: fall height (m), 
g: gravity 9.8 (m/s

2
), ηelec: electrical conversion efficiency 

(0 - 1), and ηhyd: turbine efficiency (0 - 1). 

 
Fig. 3. Arrangement of A Hydro Electric Power Plant [25] 
 

2.4 Tidal and Wind Energy  
The potential due to the earth‘s forces and gravitational pulls 
of the sun and moon, leads to continuous rise and fall or back 
and forth movement of the ocean, causing currents (tidal 
effect), and guides the operational principle of a tidal energy 
system to generate power. The periodic rise and fall of the sea 
water originate from a differential force due to the gravitational 
pull of the Sun (30%), and Moon (70%) to the Earth.  The flow 
effect generates mechanical energy capable to spin turbines, 
and is classified to either the tidal barrage or stream system 
(fig. 4). Hence, the ocean motion is converted into electrical 
potential through electromagnetic induction. More on the 
conditions, categories, and technologies used to harness tidal 
power have been extensively covered for tidal and currents 
energy conversion, which includes; Oscillating Hydrofoil, 
Vertical Axis Turbine, Venturi Effect Turbine, Horizontal Axis 
Turbine, and also the horizontal, cross-flow and vertical tidal 
current converter devices [26]. The technology is sustainable, 
reliable and predictable, however, the construction, installation 
and maintenance cost as well as the threat to ocean life limits 
its promotion. 

 
Fig. 4. Illustration; 1)Tidal Barrage, 2) Tidal stream power 
generation [27] 

 
2.5 Geothermal Energy  
The derivation of the term Geothermal is from the Greek 
origin; ‗geo‘ meaning, Earth, and ‗thermo‘ for heat. As one digs 
down, and deeper into the Earth, the temperature rises 
towards the core of the planet, thermal energy in the form of 
pressurized heat is conducted in continues translational 
motion from the center to the earth‘s surface. The steam and 
heat produced is tenable for direct in heat buildings or in the 
case of an indirect application, for the generation of electricity. 
The technological requirements and condition have been 
discussed for futuristic development [28]–[31]. Nascent 
discoveries now look beyond the challenges of tirersome 
search for hot spots (naturally occuring), and focus on artificial 
drilling of geothermal wells down to the depth of hot rocks to 
stimulate thermal energy, which is harvested for power 
generation or heating purposes (enhanced geothermal 
systems). Several steps are required in engineering such 
reservoirs as described in fig.5. 
 
 
 
 
 
 
 

(2) 
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2.6 Energy from Biomass  
Organic materials originating from animals and plants are the 
essence of biomass energy [32]–[34]. The most common form 
of biomass is wood, which is not sustainable, whereas, biofuel 
such as ethanol and biodiesel are changing the perception of 
for efficient use of agricultural produce and waste to transform 
the energy sector. Innovation and application of bio-gas to 
power automobile and sustain electricity supply in remote 
islands and small cities has become the other of the day. RE 
resources exists relatively perpetually and abundantly, and 
ready to be harnessed.  

 

 
Fig. 6. Energy Process from Biomass 

 
 
 

The two major categories of biomass energy, and where it 
finds use, is seen in fig. 6, by means of combustion via a boiler 
to drive a turbine, or through the anaerobic digestion process 
to produce clean energy (Biogas, Bioethanol and Biodiesel). 
While the technological idea of producing biofuel from 
cellulosic biomasses such as tall grasses, cell walls of woody 
plants and wood residues, and agricultural and municipal 
wastes or residues [35], instead of the conventional biofuel 
production from fruits and plant seeds wherein the former is 
yet to gain any commercial bearing. This renewable energy 
system is fast developing and holds great potential. 
 
2.7 Fusion Energy 
Compared to fission process, nuclear fusion takes place when 
one or several, light nuclei combines to form heavier nuclei. 
Fig. 7 shows the process of fusing hydrogen nuclei into helium, 
to release energy. Although the technology has been 
recommended as one of the most efficient and highly effective 
strategy and alternative technique to achieve energy freedom, the 
challenges due to radioactive by-products (wastes), material which 
can withstand the generated heat, and the duration and effort to 
keep the materials closely together before fusion occurs, thereby, 
stagnates the consideration for fusion technology. Energy 
generation from fusion is possible by combining two isotopes of 
hydrogen; deuterium and tritium with helium nuclei: 
 
 

  
    
The tritium in this case, is radioactive, with a half-life of 12.3 
years. Compared to fission radioactive by-products 
(plutonium) with thousand year‘s half-life, tritium is much better 
environmentally and can be reused in the cycle of fusion 
reaction. Tritium can be produced from bombarding lithium 
with the neutrons released from the above reaction presented 
as Equation (3). 
 
 

(3) 

Biomass 
Dry and Wet 

Materials 
and Product 
development 

Fig. 5. Steps for Engineering of an EGS Reservoir, and Operation  
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Fig. 7. Nuclear binding Energy of different Nuclei 
 
Tritium in this case, is radioactive, with a half-life of 12.3 years. 
Compared to fission radioactive by-products (plutonium) with 
thousand year‘s half-life, tritium is much better environmentally 
and can be reused in the cycle of fusion reaction. Tritium can 
be produced from bombarding lithium with the neutrons 
released from the above reaction presented as Equation (3). 
The energy produced I the fusion process is relatively clean as 
long as new measure to handle the radioactive wastes are put 
in check. Hydrogen can be safely used to turn turbines and to 
produce low cost electrical energy. In addition, hydrogen 
isotopes are abundantly available in oceans and seas. The 
only hurdle left is enhancing the ERoEI, so that the energy 
required to fuse hydrogen into helium becomes lesser than the 
released energy. 
 
2.8 Fuel Cell 
Fuel-cell technology is a clean, reliable and sustainable 
approach to meet electricity demand. It is likened to be a form 
of an energy storage device, and work similar to a battery, 
operating on the principle through which atoms of hydrogen 
and oxygen chemically combines/cogenerate to form water 
and current, fig. 8. This reaction is followed by expelling heat. 
Electricity is produced when gaseous fuel combines in the 
presence of a catalyst (platinum nanoparticles). Example, the 
reaction of molecular hydrogen, which results in two H

+
 ions 

and two electrons. Hence, by virtue of an electromotive force 
which conducts the electrons, electricity is produced. he 
hydrogen and oxygen combine to form water, while 
simultaneously producing electricity as shown in Equation (4). 
Thus, the essential issue that hinders this technology from 
flourishing is the production of water during this process and 
how it may be handled. 
 

H2+ O2 → H2O + heat   (4) 

 
 
 
 
 
 
In conclusion, it is noteworthy how the contribution of 
renewable energy is re-shaping global lifestyle. According to 
the IRENA report, global renewable energy increased beyond 
8% to reach 2.179 Giga watts in early 2018. The success is 
traced to increased hydropower project intensification, 
followed by solar and wind energy sources [5]. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 8.  Diagram of a Hydrogen Fuel Cell  
 

4 PROSPECTS AND PERSPECTIVES 
The cost of renewable energy technologies is declining 
exponentially as investment increases, and noticed across 
the globe. The development and installation of the 
necessary technologies and implementation of nascent 
initiatives to mitigate climate change anomaly is the right 
prospect towards a green society in the future. As such, 
leads to the reduction of the price of electricity, and 
carbonaceous release to the atmosphere due to fossil 
usage. The ‗Westerns‘ firmly stated that proofs for an ongoing 
global warming are incontrovertible, thus serious actions 
should be taken before the point of no return is reached [36]–
[38]. On the other hand, and aiming at being objective, there is, 
again the urgent need to evoke the contradictory view point as 
well. Majority, in terms of the different technologies earlier 
mentioned and discussed in the present study, are faced with 
significantly same technical, socio-economic and 
environmental challenges. Technicality issues within the 
confine of the emerging systems range from load balance, 
performance, material, and the impact or difficulty of sourcing 
the materials to establish or maintain the operational process 
of each specific technology poses as challenge. Moreover, 
necessary skillset and systems design to develop the 
technologies, among other alternative options are expected to 
form part of the supportive policy implementation 
consideration. Human behavior towards new ideas and 
development, threatens project success and may undermine a 
substantial financial effort if supposedly invested. Other 
economic indices like operations cost, topological siting also 
plays vital criteria for technological development and energy 
price. Regardless, and like the previous alternative energy 
projects, have paved the way for gainful employable 
commitment all over the world. Hence, the resolution to 
populate the energy sector with green energy initiatives and 
preparedness to invest in the sustainable pathways to mitigate 
the ill-effect caused by the use of fossil-based fuels and its 
dedicated technologies calls for worldwide contribution. Also, 
the need to evaluate and track progress is timely and cannot 
be overemphasized. 
 

4 CONCLUSION 
This timeous research on renewable energy reviews in 
preparedness for the emerging era of digitization and energy 
efficient, smart cities, and industries has captured the basic 
principles behind selected energy sources. Also, as part of the 
conclusion to this survey [39], the research identifies that 
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there are more to be done in terms of research to fill the gaps 
of costing the operational processes that will ensure the 
expansion of the innovation in renewable energy proliferation 
and cause parity with the fossil energy. The conditions for 
achieving on, energy returned over energy invested, and 
energy security from the infancy, to complettion, must become 
top priority while envisaging sustainable energy economy for 
the near future. 
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