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ABSTRACT
Energy is the backbone of the evolution of humanity, it has assisted mankind to endeavor through various
ages of history. The quest to obtain energy with minimal expenditure and pollution is still being worked on
and will continue on in the future. Even in this modern age, energy production in several developing
countries often falls short of energy requirements which results in frequent power cuts. As the world
economy continues to grow, energy consumption is expected to continue to grow. Fossil fuel is limited, so
it is important to consider other sources of energy e.g. renewables especially solar to meet the energy
demands in the future. The world has diverse solar energy sources which are not yet fully explored. This
review sheds light on the solar renewable energy and other non-renewable sources of energy available in the
world and a comparative analysis of both the energy resources across the world is also included as a separate
section titled ‘Comparative analysis’. It also gives a brief overview of the various techniques employed by
different countries to overcome the energy crisis through and also a framework for employing such
techniques in countries which are lagging in energy production in order to fully avail the benefits of energy
sources, which are abundant in the world.
Keywords: energy, power cuts, energy demand, renewable sources, non-renewable resources

INTRODUCTION
World’s total installed grid-connected power generation capacity stands at over 343,898.39MW as of 31 May
2018 where the power generation is mostly dominated by coal and oil reserves which holds a major share at 66.73%
whereas renewable energy from large dam based hydro, biomass, solar and wind contribute 33.27% to the total
energy generation. World’s geographical attribute is ideal for renewable energy generation. The world has a total
installed of about 114,425.81MW as of 31 May 2018. Further, the potential for solar energy installed is estimated
to be 69,022MW as of 31 May 2018 (Renewable energy in India, 2017).
It is estimated that the global barrel of crude oil reserves is at 1.688 trillion by the end of 2013, this reserve will
last only 53.3 years with the current rate of extraction. Also, there are about 1.1 trillion tons of proven coal reserves
worldwide, which will last around 150 years. The gas reserves will last up to 52 years. There is a question that one
should ask - what is to be done once all the fossil fuel reserves depleted? Compared to fossil fuels, not much
renewable energy sources are used for power generation, as renewables require higher operating costs and
efficiency is not high when compared to fossil fuels. The worlds energy resources are represented in the form of a
pie chart (Figure 1).
Copyright © 2019 by Author/s and Licensed by Modestum Ltd., UK. This is an open access article distributed under the Creative Commons
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Figure 1. Pie chart representing non-renewable resources (World population clock, 2017)
Technological advancements made on renewable energy resources shows that the efficiency of renewable
energy resources has been increased and they can serve as a replacement for the non-renewable energy resources
in the future. Also, these renewable energy resources are friendly to the environment and they do not pollute the
surroundings. Thus, apart from serving as alternative energy resources, these energy resources are also
environmental friendly in nature. This work clearly shows the importance of renewable energy resources and also
suggests countries which are lagging in energy production to use renewable energy resources to satisfy their energy
demand.
This work first illustrates the classification of energy resources and the various kinds of available energy
resources across the world. Also, the research progresses on solar and wind energy resources along with their
technological advancements are highlighted. A comparative analysis of non-renewable energy resources and
renewable energy resources is also included as a separate section.

METHODOLOGY
This paper mainly focuses on the comparison of the renewable and non-renewable sources of energy. This
study was done in order to gather the information and to conclude the importance of renewable energy sources
than non-renewable sources of energy. The study was not restricted to a particular state or a particular country
rather made with a wider focus including all the countries across the globe. In order to get reliable data, a literature
review was performed in various steps. A countries major energy production and the availability of the resources
in various other countries were discussed. The number of articles that have met the search criteria was around 150.
The search narrowed down to 94 taking into account only the major producers of renewable and non-renewable
resources. Most of these articles were dated between 2006 and 2018.
In the first step, the abstract was constructed and the details about various non-renewable energy resources
were assessed. Various developed techniques and recent advancements in this stream were described. 25 articles
included concern about non-renewable sources of energy. Similar details about renewable energy resources were
the core of the second step of the study. 59 articles included provides details on the renewable sources of energy.
The third step deals with the recent progress of these energy resources and the main focus was attributed to
the solar energy and the wind energy. The materials collected were screened thoroughly and a comparative analysis
has been made on the solar energy and the non-renewable energy resources. This comparison plotted has been
included in a separate section to emphasize the use of solar energy. Real-time data for the solar energy source were
included dated between 2011 and 2018.

ENERGY CLASSIFICATION IN THE WORLD
The world has a wide selection of energy resources i.e. (both renewable and non - renewable) which can be
readily benefited for power generation and consumption (Energy classification, 2018). Energy is broadly classified
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Figure 2. Flowgraph of the review paper

Figure 3. World’s energy consumption (Today energy, 2018)
into two types i.e. renewable and non – renewable. Non- renewable energy is again divided into four types as coal,
crude oil, natural gas and nuclear. Renewable sources are also classified as wind, solar, hydro, geothermal and
biogas. A flow graph of the proposed review work is also added (Figure 2).

NON–RENEWABLE ENERGY SOURCES RESEARCHES AND OUTCOMES
Non–renewable energy sources refer to the energy source whose economic value cannot be replaced by other
natural means on an equal level of consumption i.e. energy sources which are used cannot be used again. Generally,
the formation of such non–renewable sources takes billions of years. Their use is generally not sustainable.
Generally, most researches were based on obtaining maximum energy output, while using as minimum energy
source required (Ming et al., 2018). The impact of consumption of renewable and non-renewable energy on
economic growth have also been compared. A research was done on long-run relationship exists between energy
utilization and commercial improvement in 30 sub–Saharan African countries, it could be seen that a 10% hike in
non-renewable energy utilization leads to a hike of about 2.11% in economic growth rate (Samuel et al., 2018). The
world’s energy consumption is presented as a figure (Figure 3).
© 2019 by Author/s
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Coal
Coal is the most widely used fossil fuel all over the world. Coal is mainly used as a fuel because of its readily
available nature. In order to develop the efficiency of coal production, the National Coal Development
Corporation was set up (Quing and Guihuan, 2017). For about the last three decades China stands first in the coal
production globally (Coal production, 2018). Several kinds of researches were done in order to improve coal quality
in recent times. One such research focused on fine-tuning of various combustion parameters of boilers in order
to get best-optimized combustion possible (Quing and Guihuan, 2017). Incomplete combustion of fossil fuels
often leads to NOX emission which is a crucial atmospheric pollutant, so in order to reduce NOX emission special
prediction and optimization algorithms have been developed. Other such research focused on determining the
coal quality by the use of a multivariable data analysis algorithm (Ming et al., 2018; Binzhong and Graham, 2016).
This method is superior to the traditional methods of determining coal constituents such as ash, moisture, fixed
carbon content etc., which is determined via lab samples from various expedition holes.
Petroleum
Petroleum is a dark colored liquid (oil) found deep in the earth’s crust it is generally separated into various
components by a fractional distillation which separates out various components of petroleum at the various boiling
point. The fractionating column consists of tall cylindrical vessels with a number of levels where different
components are separated. Various researches are carried out in order to mitigate the effect of petroleum pollutants
by physical, chemical and biological methods (Qaderi and Azizi, 2018). One such biological process is the moving
bed biofilm reactor. It is observed that under optimal conditions the efficiency of the reactor was high and can be
used for petroleum wastewater treatment (Qaderi and Azizi, 2018).
Also, till date, it has been quite challenging to understand the energy efficiency and greenhouse gas (GHG)
emissions in the refineries because of their complexity and different variables within the refineries (Jeongwoo and
Vincent, 2015). The categories of refineries were simplified and were broadly classified based on crude density
(API gravity) and heavy product (HP) yields. The results show the effect of (GHG) emissions on refineries.
Natural Gas
Natural gas is a fossil fuel handled as a source of heating, cooking and electricity generation. It could also be
benefited as a source of fuel for vehicles. It is a naturally occurring mixture of hydrocarbon in the form of a gas
primarily subsist of CH4 and some fluctuating number of other higher alkanes and small amounts of CO2, N2,
H2S or He (Saurabh et al., 2011). It is set up due to the decomposition of plant and animal matter under intense
heat and pressure over millions of years. The energy obtained from sunlight in plants is stored as chemical bonds
in the gas. Switching from coal burnt to natural gas burnt energy generators are considered to be a step towards
emission reduction. It could be seen that Natural gas can also be used for energy production (Saurabh et al., 2011).
Nuclear
Global warming is currently considered as one of the greatest threat in which the Greenhouse Gas (GHG)
emission is the leading problem today (Charikleia et al., 2013). With the demand to satisfy energy needs and to
reduce GHG emission has encouraged the usage of Nuclear energy. It is seen that without Nuclear power the
European countries CO2 emission would be one-third time higher (Charikleia et al., 2013). Figure 4 shows the
contribution of nuclear energy to the world’s energy consumption. The top three countries in nuclear production
are the USA, Germany and Japan with the production of 24.34%, 11.04%, and 10.87% respectively (Zhang et al.,
2017; Parinya and Somchai, 2013; Qiang et al., 2018).
Lithuania is currently focussing on constructing a Nuclear power plant in order to reduce CO2 emission (Dalia,
2012; Dalia and Asta, 2010). Recent researchers in China has now been focussed on nuclear H2 generation through
iodine-sulfur for the past 10 years (Chuan et al., 2016). Also, the Chinese government has started to promote
nuclear irrespective of public opinion to reduce the environmental pollution after the Fukushima disaster
(Xiaopeng and Xiaodan, 2016; Ming et al., 2016). Table 1 shows the three major nuclear accidents.
Nuclear power is mostly not preferred due to the risk factor and an example of it is the accidents that have
happened in Fukushima. The nuclear plant was damaged by a tsunami after an earthquake (Qiang et al., 2013).
Also, countries like Germany and other’s energy policy has been influenced by the Fukushima disaster (Mariangela
and Renato, 2016). But some countries generate their maximum electricity from nuclear. Countries like France
derives about 75% of its electricity from Nuclear. Thus, nuclear energy has its own advantages and disadvantages.
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Figure 4. Worlds electricity generation
Table 1. Three major nuclear accidents (Ming et al., 2016)
Nuclear accidents
1979-Three Mile Island (TMI) nuclear accident
2011-Fukushima nuclear accident
2011-Fukushima nuclear accident

INES levels
INES 5
INES 7
INES 4+

Table 2. Top 10 Solar Producing Countries in the world (Top solar energy producing countries, 2018)
Rank
1
2
3
4
5
6
7
8
9
10

Country
China
Japan
Germany
United States
Italy
United Kingdom
India
France
Australia
Spain

Total Capacity GW, 2016
78.07
42.75
41.22
40.3
19.28
11.63
9.01
7.13
5.9
5.49

RENEWABLE ENERGY RESOURCE
Renewable energy resources are now replacing non-renewable energy resource as they are environmentally
clean and found abundant in nature (Iñaki et al., 2018; Claudia and Cinzia, 2017). In order to reduce the greenhouse
gas effect, countries are now focussing on renewable energy resources (João and Victor, 2016). Also, hybrid systems
such as the combination of two systems are also made for better output (Shaopeng et al., 2018).
Solar Energy
Solar Energy is an emerging technology trend in the world and the leading countries in solar production are
presented as Table 2 (Jessica et al., 2018). Its installation increased from 1790MW in 2001 to 1, 37,000 MW in
2013, which is an average increase of 40% every year (Yawen et al., 2018). The energy conversion efficiency is
about 15%-20% on an average. Though there are some fluctuations in the output power developed technological
advancements show that stable and reliable power can be developed. Various researchers have been processing in
this field as it is environmentally friendly and the cost of production is also being reduced (Stephen et al., 2018;
Alexandre and Dorel, 2018). The development of solar power in recent years is presented as a bar chart in Figure
5. The United States has set up a National Solar Radiation Database to record the regions consisting of solar
radiation and meteorological data for the last 23 years (Manjit et al., 2018). This data has been given open access
for researchers and it hopes to be a promising technology.
Roof Top is a specific approach to receive solar energy and it is an emerging technique in Queensland, Australia
(Shafiullah et al., 2014). Low voltage network in the place of Rockhampton and Yeppoon are now replaced by
roof-top in-order to cut down fossil fuel and greenhouse gas emission. Since the last 23 years, the United States
has set up a National Solar Radiation Database to record the regions consisting of solar radiation and
© 2019 by Author/s
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Figure 5. Development of solar over the past few years (Alexandre and Dorel, 2018)
meteorological data (Manjit et al., 2018). This data has been given open access for researchers and it hopes to be a
promising technology.
Solar energy is very much essential to avoid climatic change due to global warming. A survey conducted shows
that the desert in Western Iraq has the extreme solar electricity generation of about 1776 MJ/m2. Also, it shows
that the sites with 7200 MJ/m2/year for CSP and 7400 MJ/m2/year for PV are equivalent to 1-2 barrels of fuel
oil/m2 annually (Douri and Fayadh, 2016). Some of the recent developments in solar are thin film solar cell
technology and Hafnium and Tantalum Carbides as solar receivers (Viresh, 2012; Elisa et al., 2011). Hafnium and
Tantalum has very poor optical properties so they are used in high-temperature appliances. They also have good
optical properties, highest melting point, highest strength and high thermal and electrical conductivities. Hence,
they can be used as receivers to absorb sun rays (Mahdis et al., 2016).
Roof Top is a specific approach to receive solar energy and it is an emerging technique in Queensland, Australia
(Shafiullah et al., 2014). Low voltage network in the place of Rockhampton and Yeppoon are now replaced by
roof-top in-order to cut down fossil fuel and greenhouse gas emission. Another advancement is the direct solar
thermal power generation. The demand on military and deep-space exploration for system stableness, highmaintenance and quietness have opened the path for direct solar thermal power generation (Yue and Jing, 2009).
Wind Energy
Wind energy is one of the promising technology that is developing and promising to satisfy our future energy
needs (Changzheng et al., 2013; Benjamin, 2017). China ranks 1st in the production of wind energy across the
world, with the capacity of wind power 68.7GW which reports for 34.7% of globally equipped capacity at the end
of 2016 (Lingyue et al., 2018; Bikash, 2017). Nowadays renewable energy resources play a major role in power
production and so numerous researches are being carried out for the better usage of such resources (Farah and
Eltamaly, 2013). Wind Turbine play the major role in deciding the power produced, efficiency, output etc. The
renewable resources provide 8.4% of the world’s power requirement. Now India is much focusing on a huge
growth in wind energy utilization and production as well.
Greenhouse gas emission has been reduced by using renewable energy resources which in-turn reduces global
warming (Jensen et al., 2013). The wind farms for large-scale production are situated at Jaisalmer wind park,
Rajasthan and Brahmanvel wind farm, Maharastra and Muppandal windfarm, Kanyakumari, Tamil Nadu. These
are the major wind farms in India.
Apart from India, about 200GW power has been produced and utilized by 83 countries around the world in
2011 (Dewei et al., 2013). In Lithuania according to the report at 2016 shows that the capacity of the installed wind
power plant is about 507MW (Audrius et al., 2018). Since the requirement for renewable energy resources increases,
the progress on renewable resources gets increased every year (Erik, 2017). At the end of 2016, 467GW has
generated and of it, 16GW was produced as offshore. Other advancements in wind are using a fuzzy logic
controller for managing the capacity of a hybrid system and the system satisfied the peak power demands (Mahdi
et al., 2013). High-efficiency values can be obtained by using this hybrid system. For better output windmills are
placed offshore than on land. A remote monitoring system is designed based on ZigBee WSN and GPRS which
resulted in less maintenance and construction cost (Yongduan et al., 2013).
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Table 3. World’s electricity share (Hindawi, 2018)
Country
China
Brazil
Canada
USA
Russia
Norway
India
Venezuela
Japan
Sweden
Rest of the world
World

Electricity production (TWh)
615
390
366
297
175
129
106
93
81
65
1011
3,329

The share of the world total electricity generation (%)
18.4
11.6
10.8
9.1
5.5
3.7
3.1
2.8
2.4
2.1
30.5
100

Hydro Energy
Hydropower designated to the transformation of energy from flowing water i.e., kinetic energy, into Electricity.
It contributes about 16% of electricity generation worldwide (Gláucia et al., 2018). The Hydropower plant in early
ages was used in mechanical milling such as grinding grains. At present, hydro plants generate electricity using
Turbines and Generators, thus mechanical energy is produced by the steady flow of water which spins the rotor
on the Turbine. This turbine is in turn linked to an Electromagnetic Generator, producing electricity on rotation
of the rotor in the turbine (Vineet and Singal, 2017; Jawahar and Prawin, 2017). Since it gives low output, hybrid
combinations can also be made to satisfy the power needs. In Bangladesh, a hybrid system of micro-hydro and
diesel is installed (Himadry et al., 2016). Hydropower plants are categorized into three main types, they are

Impoundment Facilities
In this technology, dams are used to build a large reservoir of water. Electricity is produced when water flows
through the turbines in the dam.

Pumped Storage Facilities
This type has a second reservoir beneath the Dam, where water is moved from the lower Reservoir to the upper
reservoir, thus energy is gathered for future needs.

Run-of-river Facilities
This depends further on flow rates of natural water by diverting only a fraction of river water through the
turbines, in some cases even without the usage of a dam or reservoirs. Since this type is subjected to availability of
natural water and also is affected by its variability, thus electricity production in this method is more intermittent
compared to the dammed hydropower plant.
Hydropower presently is the largest renewable energy resource that has been deployed in the world. In the year
2009, hydro energy based electricity production was 3,329 TWh accounting to an interest of around 16.5 % of the
world’s electricity production (Dolf, 2012). It is the greatest sources of energy to produce power which is being
utilized in many countries. According to the World Energy Council 2010 Report, around 160 countries in the
world use hydropower in their national electricity production. However, actual global utilization of hydropower is
focused in the following ten countries (sharing about 70% of total electricity production) (Jain, 2010). The top four
countries, being China, Brazil, Canada, and the USA, use hydropower to produce half of their total electricity
generation, as shown in Table 3.
Though this power is utilized in copious countries, hydropower contribution is naturally less compared to the
worldwide total primary energy supply. In 2009, it shared only 2.3% of the total 12,150 Mote of primary energy
supply worldwide. Even with sharing nearly lesser energy compared to the other nonrenewable sources of energy
production, the average global hydropower potential in future is relatively huge. In 2009, the World Commission
on Dams predicted that the total worldwide confirmed technical potential for ordinary hydropower was
14,576 TWh/yr, as shown in Table 3. If hydropower potential from small-scale hydropower sites and from
nonconventional sources are considered, the world’s hydropower potential is huge considering the availability of
numerous small hydropower potential sites in many countries and their potential of water current from rivers and
canals. From Figure 6, it can be shown that Asia has the highest contribution (over 53%) of hydropower global
potential, followed by Latin America (20%) and North America (11%). Asia has the largest contribution (43%) of
the worldwide equipped quantity. Africa, even though having relatively the same technical potential (installed
capacity) with Europe, the rearmost i.e., Africa has a higher contribution (19%) of the total worldwide equipped
quantity than the aforesaid i.e., Europe (only 3%). It is also essential to note from Table 4 that greatest contribution
of the world’s determined technical generation potential is still undeveloped (76%). Africa has the highest
© 2019 by Author/s
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Table 4. The Regional capacity factor of different regions (Hindawi, 2018)
World region
North America
Latin America
Europe
Africa
Asia
Australasia/Oceania
World

Technical
Technical
potential-annual
potential-installed
generation
capacity (GW)
(TWh/yr)
1,658
387
2,855
607
1,020
337
1,173
282
7,680
2,036
184
65
14,575
3,721

2009, Total
generation
(TWh/yr)

2009, installed
capacity (GW)

Undeveloped
potential (%)

627
731
541
97
1,513
36
3,550

154
155
178
22
402
12
925

61
73
46
91
81
81
75

Average
regional
capacity factor
(%)
46
53
34
46
42
30
43

Figure 6. Hydropower in different regions (Hindawi, 2018)
underdeveloped potential (92%) followed by Asia and Australasia /Oceania (80% for both regions). In India,
Jammu and Kashmir have the best resources for the operation of hydropower plant (Ameesh and Thakur, 2017).
Therefore, hydropower fits very well in the context of providing sustainable electricity for development in Africa
where most of the rural regions are deprived of it. Challenges faced are lack of financing for renewable power
generation which is stated to be one of the main reason for the undeveloped of hydropower in that regions.
Table 4 represents the regional capacity factor of different regions.
The top ten hydropower producing countries as of 2010 are listed in Table 5 along with their present equipped
quantity. It is viewed that some of the advanced and upcoming countries namely Norway, Canada, Sweden, and
Brazil rely mostly on hydropower as their source of electricity production. The United Nations Intergovernmental
Panel on Climate Change (IPCC) states that the foremost logic for these advanced countries to massively spend in
hydropower energy systems is to concentrate their electricity supply base so as to establish energy security and
trade. The actual capacity of renewable energy (hydropower) to be used for substantial industrial applications and
for that of energy security is demonstrated through the overdependence on hydropower for generation of
electricity in these nations. This results also highlight the fact that hydropower is a mature and determined
technology.
Further, it is also seen that China and USA, despite being on the first and third positions in the list of countries
with greatest hydropower equipped quantity, hydropower does not even supply up to 10% of their national
production capacity (Hindawi, 2018). In Africa, though they have small levels of equipped quantity, utmost all the
countries in the region have hydropower in their electricity generation mix. Hydropower constituted for about
70% of the total electricity produced in the sub-Saharan African region, ignoring South Africa in the year 2008. In
2010, 32% of Africa’s electricity generation needs were supplied from hydropower.
Also, advancement in this Technology is achievable, though most of the countries have previously advanced
profitable spots. Although the high upfront building costs, hydropower is a copious low-cost source of power
(where applicable). It is also a malleable and dependable source of electricity related to other renewable sources, as
its energy may be saved and utilized for use at a later time. Dammed reservoirs also provide flood control, in
addition to it being a dependable water supply, and be used for recreation purposes. However, there are many
concerns with hydropower, particularly for setting up large dam facilities. In addition, dam failures can be
disastrous, further disturbing Landscapes and insists on the lives of people and animals living downstream.
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Figure 7. Represents tidal steam generator (Esru, 2018)
In addition to it, hydropower plants are not perfectly free of greenhouse gas emissions. As with most forms of
energy, carbon dioxide emissions occur at times of development, especially as a result of the usage of large
quantities of cement. Also, the loss of vegetation’s in the flooded areas produces methane, another greenhouse gas
as matter decays underwater.
Tidal Energy
Tidal power is a form of hydropower where electrical energy is obtained from the potential of tides. The first
extensive-scale tidal power plant (the Rance Tidal Power Station) started its operation in the year 1966. Though it
is not yet extensively benefitted, tidal power has a great impact on future electricity production. Tides are more
certain compared to that of other sources such as wind energy and solar power. Tidal power suffers from high
capital cost compared to availability of other renewable sources of energy. Various technological improvements in
the case of design and turbine technology indicate that the total possibility of tidal power may be much more than
the presently assumed potential and that the commercial and environmental costs could be brought down to a
competitive level. Tidal power involves the cost of erecting a dam across the opening of a tidal basin. The dam has
channel included in its structure that is opened to allow the flow of tide into the basin; the sluice is then closed,
and when sea level drops, traditional hydropower technologies can be benefitted for generation of electricity from
the high water level in the basin (Joao, 2007).
Generation of Tidal Energy
Tidal power can be classified into three generating methods based on the generating methods (Michael, 2003;
Anna, 2015) they are:
1. Tidal stream generator,
2. Tidal barrage,
3. Dynamic tidal power.

Tidal Stream Generator
Tidal stream generators make use of energy from moving masses of water or tides. Its function is similar to
wind turbines deployed underwater and also referred to as tidal turbines. Among the three main forms of tidal
power generation, tidal stream generators are the cost-effective and the least ecologically damaging one. Tidal
stream generator is an immature technology, but researchers now focus on it and some of them are very close to
large-scale deployment. Many companies are making bold claims regarding their designs, which are not yet
independently verified, where they have not been managed economically for a considerable long period to
determine its performances and rates of recurrence on expenses. Figure 7 represents the tidal steam generator.

Tidal Barrage
The energy from masses of water moving in and out of a bay or river due to tidal forces are captured using a
dam-like structure called a Tidal Barrage. Though a tidal barrage initially grants water to flow into the bay or river
at the same time as a high tide and are released back all along at low tide due to damming of water on one side.
Measuring the tidal flow and governing the channel gates at key times of the tidal cycle are done to execute this
© 2019 by Author/s
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Figure 8. Represents tidal barrage (Esru, 2018)
process. The energy due to water flow in and out is captured using turbines provided at the sluices. Figure 8
represents a tidal barrage.

Dynamic Tidal Power
A different and unproven technique of tidal power generation is DTP (Dynamic Tidal Power). Coast-parallel
oscillating tidal waves which rush along the coasts of continental shelves interfere with this long T-dam, which
contains powerful hydraulic current enough to produce a considerable amount of energy to produce electricity.
Geothermal Energy
Geothermal energy is a renewable energy which is independent of the sun. It is produced due to the heat
generated under the earth surface (Morton, 1974; Yong and Wen, 2018). It also promises on reducing the
greenhouse gas emission (Diego et al., 2018; Eagri, 2018).
As Indonesia’s oil production decreased, other alternative resources were considered. Indonesia lies on the
“ring of fire” and has many volcanos surrounding it. It has the largest source of geothermal energy in the world
and provides 40% of the world geothermal energy resources (Saeid et al., 2018; Eddy, 2013). Another geothermal
energy-rich region is the Java Island consisting of more than 20 geothermal sites (Bella and Sintia, 2013). Bulgaria
is a place prosperous in thermal water with the temperature in the range of 20°C-100°C (Klara et al., 2013). Another
thermal site is Ciudad Constitution to Los Cabos in Baja California Sur (Cristina and Rosa, 2014). The recent
developments in California by using geothermal power for reducing CO2 emission resulted in some difference in
the emission levels. The CO2 emission is reduced to about 20% by using geothermal power (Sullivan and Wang,
2013). Now Egypt and Poland are also focusing on promoting geothermal energy (Anna, 2017; Elbarbar, 2018).
The waste heat from the geothermal power plant can be used as a source of electrical energy. With this system
shown in Figure 9, about 75% of the original power is converted into electrical energy (Cukup et al., 2016).
To know the effect of temperature on the lifetime of the plant a test was conducted at Lahendong geothermal
area. The brine temperature dropped from 180.02°C to 154.92°C on the 30th of the operated organic Rankine
cycle. Also, it produced a power output of 1.3MW (Didit et al., 2016).
Biomass Energy
The fundamental source of biomass energy is the sun. Biomass is the major source of energy in many
households for cooking and water heating (Wasajja and Daniel, 2017). A systematic diagram of biomass energy
(Figure 10) and its applications is accompanied.
Chile is focusing on developing biomass for electricity generation as a replacement for non-renewable resources
(Carlos et al., 2018). Bangladesh is the prominent producer of biomass energy and it has used this resource to solve
its energy crisis problem. It is the largest producer of biomass energy as it has a large amount of cattle dung (Jitu
and Adharaa, 2017).
A Cogeneration plant for generation of electricity and heat in wool drying facility is first present in Slovenia.
Though the cogeneration plant consumes 245kW of power for its use, it is the first plant in the world to produce
1.5MW power (Simon and Milan, 2017). The biomass boiler is situated around Alaska and these boilers are installed
domestically. The Capital cost and maintenance cost varies with the type of boiler. The boilers have a lifetime of
20-30yrs (Erin et al., 2017). The biomass conversion technique based on application is given in Figure 11.
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Figure 9. Schematic view of the geothermal power plant (Didit et al., 2016)

Figure 10. Bio-gasifier and solid oxide fuel cell hybrid system as a combined heat and power application
(Muhammad et al., 2016)
Another advantage of Biomass is that it can be used as a fuel. Acetic acid can be obtained from organic waste
such as cellulose and lignocellulose with a yield of 11-13% using a direct oxidation method. Also, formic acid is
obtained from the hydrothermal oxidation of glucose (Fangming et al., 2010). The steps involved in the conversion
of biomass to biogas is shown in Figure 12.
Another system developed using biomass energy is the Combined Cooling and Heating Power (CCHP). The
CCHP is usually adopted in agriculturally rich countries. As China is an agriculturally rich country it opted to
develop CCHP with biomass energy (Harbin et al., 1864). The biomass generation at different locations of the
world is shown in Table 5.
© 2019 by Author/s
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Figure 11. Biomass conversion technique based on their applications (Jitu and Adharaa, 2017)

Figure 12. Conversion of Biomass to Biogas (Jitu and Adharaa, 2017)

RESEARCH PROGRESS AND OUTCOMES IN SOLAR AND WIND RENEWABLE
ENERGY SOURCES
The main focus of Spain is the renewable energy resources of which their main concern is solar. Researchers
review that the large grid-connected PV system is less cost-effective as it is static. The research also reveals that
the maintenance and operation cost is 0.5% of the capital investment. There has been a serious hike in the
installation of the solar panel after 2005. Annual Spain’s national renewable energy plan is shown in Table 6 (Sana
and Syed, 2012).
A survey was conducted on the salt possibility in Turkey and its potential use in solar ponds (Tasdemiroglu,
1987). In Turkey sunshine, land, water and salt are abundant. Salt is the utmost significant and overpriced element,
it constitutes about 15-20% of the initial investment in setting up a solar pond. During operation of the system,
the salt needs to be continuously replenished as it is regarded as an equivalent fuel for a solar pond.
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Table 5. Biomass power production across the world (Sadrul and Ahiduzzaman, 2012)
Type of biomass
Solid biomass
Solid biomass
Solid biomass
Solid biomass
Solid biomass
Bagasse
Bagasse
Bagasse
Bagasse
Biogas
Biogas
Biogas
Biogas
Biogas

Electricity generation and capacity
MW
TWh
41
15
13
3150
30050
1300
1700
4900
13
35
50
270
14
6
5
3

Year

Country

2007
2007
2007
2009
by 2020
2009
by 2012
2009
2008
2009
2009
2008
2008
2008

USA
Japan
Germany
China
China
India
India
Brazil
OECD countries
Developing countries
Germany
USA
UK

Table 6. Spain’s National Energy Action Plan 2011-2020 (Sana and Syed, 2012)
Renewable energy sources –
Heating and cooling
Renewable energy sources – Electricity
Renewable energy sources – Transport
Overall renewable energy resource share

2005
8.8%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
11.3% 11.7% 12.0% 12.5% 13.2% 14.0% 14.9% 15.9% 17.0% 18.1% 18.9%

18.2% 28.7% 29.5% 31.1% 31.8% 32.8% 33.7% 34.2% 35.6% 36.8% 38.1% 40.2%
1.2% 6.1% 6.2% 6.3% 6.4% 8.1% 9.1% 10.3% 11.2% 12.2% 12.6% 13.5%
8.3% 13.6% 14.2% 14.8% 15.4% 16.5% 17.4% 18.3% 19.4% 20.4% 21.5% 22.7%

For the past decades, China is the biggest energy consumer with industry covering about 70% of its total energy
utilization (Teng et al., 2018). To meet this demands and to have favorable conditions for solar, China has turned
its side towards using solar energy. Statistical data shows that by 2020, 39.40 million of coal and 98.22 million of
CO2 emission is planned to be reduced.
A large wind power station is situated on Shark El-Ouinat City in Egypt. Researchers show that if 60 wind
turbines of ''Fuhrländer FL2500–104'' arranged in a 150 MW could be built at Shark El-Ouinat City, then an annual
gain of 730,791 MWh/year could be found with a high capacity of 56% (Kuldeep and Kalpesh, 2018).
Recently, Nigeria has shifted its interest towards solar and has started to develop it to satisfy the power demands
(Ahmed, 2018). At the end of 2016, it was observed that the total installed operational CSPs (Concentrated Solar
Panel) has reached 4,926 MW. Also, an additional power of 2,056MW is expected after the constructions are
completed in the upcoming years (Olumide and Edmund, 2018).
Another advancement made in the solar field is the usage of pyramid solar still instead of conventional solar
still (Ayodele et al., 2018). The performance of pyramid solar is better than the conventional solar and its efficiency
under different conditions is presented as Figure 13.
Another emerging technology in solar is the perovskite solar cell (Khalaji et al., 2017). This resulted in better
efficiency compared to conventional silicon solar cell and the various tests conducted using different perovskite
cells. The highest efficiency was obtained by using LBSO (Lanthanum (La)–doped BaSnO3) and
methylammonium lead diode and the power conversion efficiency was recorded to be 21.2%. With high efficiency
and low working temperature, resulting in a significant reduction in the price of the photovoltaic panel.

COMPARATIVE ANALYSIS
The consumption of current and future energy sources across the world is presented in the form of Figure 14.
The figure shows that the production of coal is high compared to the production of solar as of 2010-2016. It is
also evident that the total consumption of non-renewable energy resources is more compared to the production
of renewable energy up to 2016. After 2016, the focus shifted to renewable energy as non-renewable energy sources
are highly polluting. The figure also shows that the production of solar is increasing and its production has doubled
the production of coal after 2017. This shows that the renewable energy focus on the future is more, of it solar is
given more importance. The progress of solar energy production from 2011-2017 across the world is presented as
a Table 7.
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Figure 13. Efficiency under different conditions (Ayodele et al., 2018)

Figure 14. Global average energy capacity (IEA, 2018)

14 / 19

© 2019 by Author/s

European Journal of Sustainable Development Research, 3(1), em0076
Table 7. Solar energy generation across the world (Energy economics, 2018)
Terawatt-hours
2011
2012
2013
2014
2015
US
4.7
9.0
16.0
29.2
39.4
Canada
0.6
0.9
1.5
2.1
2.9
Argentina
†
†
†
†
†
Brazil
–
†
†
†
0.1
Chile
–
†
†
0.5
1.3
Other Caribbean
0.2
0.3
0.4
0.5
0.7
Other South America
†
0.1
†
0.1
0.1
Austria
0.2
0.3
0.6
0.8
0.9
Belgium
1.2
2.1
2.6
2.9
3.1
Bulgaria
0.1
0.8
1.4
1.3
1.4
France
2.1
4.0
4.7
5.9
7.3
Germany
19.6
26.4
31.0
36.1
38.7
Italy
10.8
18.9
21.6
22.3
22.9
Netherlands
0.1
0.3
0.5
0.8
1.1
Spain
8.7
12.0
13.1
13.7
13.9
Switzerland
0.2
0.3
0.5
0.9
1.1
Turkey
†
†
†
†
0.2
United Kingdom
0.2
1.4
2.0
4.1
7.5
Total Europe
46.7
71.5
86.4
98.4
109.3
Total Middle East
0.2
0.5
0.7
1.3
1.8
South Africa
0.1
0.1
0.2
1.1
2.7
Total Africa
0.5
0.6
0.9
1.9
3.7
Australia
2.0
2.4
3.8
5.0
6.0
China
2.6
3.6
8.4
23.5
43.6
India
0.8
2.1
3.4
4.9
6.6
Japan
5.4
7.4
12.9
23.5
34.5
Malaysia
†
†
0.1
0.2
0.3
South Korea
0.9
1.1
1.6
2.6
4.0
Total World
65.2
100.9
139.0
197.7
260.0
*-Based on the gross generation and not accounting for cross-border electricity supply.
†-Less than 0.05.
-Less than 0.05%.

2016
55.4
3.1
†
0.1
2.6
1.0
0.3
1.1
3.1
1.4
8.2
38.1
22.1
1.6
13.6
1.3
1.0
10.4
113.3
3.2
3.3
5.0
7.5
61.7
11.6
48.5
0.4
5.1
328.2

2017
77.9
3.2
†
0.7
4.0
1.5
0.4
1.3
3.0
1.4
9.2
39.9
25.2
1.9
14.4
1.6
2.7
11.5
124.1
4.7
3.7
5.9
8.8
108.2
21.5
62.3
0.4
6.4
442.6

Share 2017
17.6%
0.7%
◆
0.2%
0.9%
0.3%
0.1%
0.3%
0.7%
0.3%
2.1%
9.0%
5.7%
0.4%
3.2%
0.4%
0.6%
2.6%
28.0%
1.1%
0.8%
1.3%
2.0%
24.4%
4.9%
14.1%
0.1%
1.4%
100.0%

CONCLUSION
With the emerging technology trends in the energy production, it is obvious that our reliance on non-renewable
sources is going to be mitigated over the years and renewable energy sources are going to share the major share in
the energy production of which solar is predominant among other renewable energy resources. So it is more
important than ever before to get an insight into the scope of solar energy sources and its production. It could be
seen that in the upcoming time’s global energy consumption is going to increase at a drastic rate, so there is a need
of new and smart technologies to produce energy in the most efficient ways possible. The aforementioned text
gives a clear portrait of the countries which are pioneering in renewable energy production especially solar by
employing such methods and encourages research on advanced solar energy generation techniques which are
comparatively efficient to the traditional production method. Countries which are lagging in energy production
must consider alternative renewable energy solutions like solar to solve their energy crisis, investments must be
made on innovative production techniques by such countries. Though non-renewable sources are widely used
because of its lower investment and high energy output, using it ultimately pollutes global domain, so in order to
make the world a better place non-renewable energy must be replaced with renewable energy sources especially
solar.
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