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Abstract – The purpose of this study is to undertake a global review of the renewable energy 

generation's current state, specifically in the area of photovoltaic (PV) solar energy, wind energy, 

bioenergy and hybrid power systems for electricity production. This article presents the most 

relevant aspects of the progress and the experiences of countries aiming at the construction and 

implementation of these technologies. It also quotes studies that include the advances of countries 

seeking to contribute to the decrease of greenhouse gas emission or that due to their geographic 

and environmental conditions are attempting to improve the access and the quality of the electric 

energy generation, involving especially remote communities that could hardly connect to the 

national power grid because of techno-economic reasons. These renewable energy studies could 

lead off to evaluate the impact of clean energy in the global energy supply and demand. Although 

in general, these technologies require high investments hardly competitive with traditional energy, 

with the support of stable policies and government subsidies, these become a choice that grows 

exponentially every day concerning efficiency and the reduction of costs, which can build trust in 

new investors. Copyright © 2021 The Authors. 
Published by Praise Worthy Prize S.r.l.. This article is open access published under the CC BY-NC-ND license 

(http://creativecommons.org/licenses/by-nc-nd/3.0/). 
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Nomenclature 

PV Photovoltaic 

SDG Sustainable Development Goal 

UNDP United Nations Development Program 

I. Introduction 

There are important achievements in technologies that 

allow the use of non-polluting raw materials such as 

wind, sun, and residues. This paper provides current 

worldwide renewable energy researches on electricity 

production from photovoltaic (PV) solar energy, wind 

energy, energy from biomass, and hybrid power systems. 

The lack of knowledge of renewable energy progress 

can bias the decision-making at a local, regional and 

national level affecting public policies, optimal options 

for sustainable development and the attainment of 

electric supply at the lowest cost. With this respect, the 

experiences of the implementation of these systems are a 

valuable guide to spread and to adopt in any region of the 

world. In addition, to reach the Sustainable Development 

Goal (SDG) number 7, proposed by the United Nations 

Development Program (UNDP): Guaranteed access to an 

affordable, reliable, sustainable and modern energy for 

everyone [1]; all the financial support and bolder 

political commitments, along with the countries 

 
willingness to adopt new technologies on a much broader 

scale are necessary [2]. According to the World Health 

Organization, 92% of the people who live in cities do not 

breathe clean air, which results in 7 million deaths per 

year due to causes directly related to pollution [3]. The 

use of fossil fuels is largely causing this pollution since it 

releases particulate matter and toxic gasses that affect the 

natural balance in the atmosphere. The incidence that 

renewable energies with limited emissions will have 

could reduce illnesses and deaths caused by fossil fuel 

burning. On the other hand, the environmental impact 

associated with the extraction and processing of large 

amounts of raw material required for the production of 

the parts used for renewable technologies can generate an 

increase in greenhouse gas emissions. This will exceed 

the saving benefits of the renewable energy transition 

and in the worst case; it would increase poisoning from 

heavy metals and radioactive elements [4]. Therefore, it 

is important to expose the advances in research and the 

world's political experiences to improve the knowledge 

about renewable energy and consequently generate 

discussions that can contribute to the development of this 

area.  

This article is organized as follows. Section II presents 

the current state of energy worldwide, describing aspects 

such as the world population with access to electricity, 

the generation of energy from fossil fuels and the 

http://creativecommons.org/licenses/by-nc-nd/3.0/
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contributions by country in renewable energy. Section III 

addresses the current state of photovoltaic solar 

technology and its global implications. Section IV 

presents the current state of wind energy while Sections 

V and VI present the current world situation of bioenergy 

technology and hybrid systems respectively. Finally, 

Section VII presents the conclusions and ends with the 

References used in this study.  

II. Worldwide Current Energy State  

Fig. 1 shows the percentage of the worldwide 

population that has access to electricity. Globally, 

88.85% of the worldwide population had access to 

electricity in 2017 compared to 71.3% in 1990. The entry 

of renewable energy produced this progress reducing the 

electricity production from oil, gas, and coal sources. 

Fig. 2 shows the worldwide electricity production using 

oil, gas, and coal. In 1990, fossil fuels generated 62% of 

global electricity, but this value decreased to 61% in 

1995. From then on, the use of oil, gas, and coal to 

produce electricity, reaching 62.24% in 2015. Until 2015, 

significant variations in the use of fossil fuels were 

experimented as a result of the renewable energy entry to 

produce electricity for the uses of society’s different 

sectors. The Paris Agreement and the 2030 Agenda have 

propelled the use of renewable energies, especially of 

solar and wind energy sources that are growing at a much 

faster rate than the rest of the economy in Europe and all 

over the world, which means the cost reduction of these 

two energy sources. With 30.75 GW from new 

installations and a 49% market share, China led the wind 

energy market in 2015, followed by the US (13.6%) and 

Germany (8.2%) with about 8.6 GW and 5.2 GW 

respectively. The recent evolution of prices announced in 

several solar PV auctions in the European Union during 

the second half of 2016, indicates that it is possible and 

affordable to triple the actual 100 GW capacity of 

installed PV power until 2030, thus meeting the 

European energy objectives [1]. In 2016, the wind power 

cumulative capacity connected to the grid reached 466 

GW (451 GW of ground winds and 15 GW of sea 

winds), and wind energy represented almost 4% of the 

global electricity generation [4]. China leads the onshore 

wind power growth, followed by the United States, 

Europe, and India. As a result, wind energy generation 

on land will globally increase by 80% during 2016-2022.  

Offshore winds are also expected to grow rapidly. The 

turbines implemented into the sea take better advantage 

of wind resources than the grounding systems. Therefore, 

the open sea new turbines can significantly achieve more 

hours of full charge from 40 to 55% depending on the 

availability of the resources [4]. Biomass is any organic 

material, in other words, available biological material 

over a renewable base, including raw materials derived 

from animals or plants, such as wood, crops and organic 

wastes from municipal and industrial sources. Bioenergy 

is the energy generated through the conversion of solid, 

liquid, and gaseous products derived from biomass. It is 

the main source of renewable energy at present [5]. 

PV energy converts solar energy directly into 

electricity. Since it is a modular system, its 

implementation can be in small quantities that would 

work at the same time or for public services on a large 

scale. In 2016, the solar PV cumulative capacity reached 

almost 300 GW and produced more than 310 TW, 26 % 

more than in 2015, and representing a little over 1% of 

the world’s production [3]. The generation of wind 

energy is due to non-conventional renewable energy 

sources consisting of the air masses movement presented 

offshore (at sea or outside land) and onshore (on land).  

Onshore wind power is a proven and mature 

technology with an extended global supply chain. 

Terrestrial technology has evolved to unlock more places 

with lower wind speeds. Fig. 3 shows the generation of 

onshore wind energy and the cumulative capacity 

(projected) per region between 2016 and 2022, while Fig. 

4 presents the offshore wind energy generation and the 

cumulative capacity (projected) per region at the same 

time range. 
 

 
 

Fig. 1. Worldwide access to electricity (% of the population). 

Source: Own elaboration with data from [2] 

 

 
 

Fig. 2. Electricity production from oil, gas and coal (% of the total). 

Source: Own elaboration with data from [2] 
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Fig. 3. Onshore wind generation and cumulative capacity per region, 2016-2022. Source: Own elaboration with data from [4] 

 

 
 

Fig. 4. Offshore wind generation and cumulative capacity per region, 2016-2022. Source: Own elaboration with data from [4] 

 

Two processes are the base for bioenergy production: 

thermochemical conversion and biochemical conversion.  

Three sub processes divide the first process: 

combustion, gasification, and pyrolysis. In the second 

method, there are two main processes, fermentation, and 

anaerobic digestion, along with a less used process based 

on mechanical extraction and chemical conversion [2]. 

Fig. 5 shows the growth of modern bioenergy per sector 

between 2008 and 2015. Between 2008 and 2015, a 

meaningful growth was experienced, firstly, in bioenergy 

for electricity production, secondly, in bioenergy for 

transportation.  The constant technology development, 

the continuous improvement in the processes efficiency, 

and the increase of the population with access to 

electricity contributed to this behavior. Bioenergy for 

heat production was the technology with the least 

growth. Hybrid power systems based on renewable 

energies emerge from the combination of two or more 

energy generation systems into a single installation for 

electric energy production [6]. This type of generation 

arrives to decrease the limitations of renewable energy 

by issues of the dependence of natural variable resources 

such as the sun and the wind. Although it is still in an 

investigative stage with few examples of projects 

implemented on a large scale, the results are promising 

and open the way to combine solar and wind energy, 

biomass, and hydrogen, among others, to offer a 

continuous supply of clean energy. Table I shows the 

main worldwide advances in solar, wind, and biomass 

renewable technologies. 
 

 
 

Fig. 5. Modern Bioenergy growth per sector, 2008-2015. 

Source: Own elaboration with data from [5] 
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TABLE I 

ADVANCES AND CONTRIBUTIONS IN THE IMPLEMENTATION OF RENEWABLE ENERGIES 

Energy Country Contributions 

Solar 

Germany 
Expansion of small-scale PV energy systems (6 kW) and its implementation in multiple areas 

(ceilings and solar farms) 

Spain 
Foray into the solar farms market and development of redox batteries of an adequate vanadium quantity for the type of 

renewable energies supply 

Greece 
Lag on the solar energy implementation given the restriction to install a maximum of 20 kW in non-connected islands, 

with a return on investment of 3 to 6 years 

Romania Return on investment in plants of 2.8 MW and profitable investments with state support 

Portugal 
Urban constructions with an enormous PV potential that minimizing the storage necessities will provide a profitable 

offering for investment 

Switzerland Encourages the purchase of PV structures installed in other buildings, paying a standard electricity tariff 

Ethiopia Development of solar energy irrigation through geospatial use for PV pumping according to the groundwater resource. 

Arabia Pioneer in technical studies for the dimensioning of PV water pumping systems 

Kenya 
Proposal for a PV business model that provides affordable and sustainable electricity services to rural communities 

without needing subsidies. It offers activities that encourage regional economic development 

Colombia 
Supply of PV energy to indigenous communities located in remote regions. Economic viability of projects only 

through state subsidies 

England 
First country to approve rules to regulate the PV components processing. Regulatory compliance rests with the 

manufacturer 

Japan Investigation and development of technologies for the recycling and recovery of solar panels. 

China World leader in installed PV capacity, it has not defined policies for solar panel recycling yet. 

India First automated water-free cleaning system for the solar panels sustainable maintenance 

Wind 

Norway Has one of the world’s greatest wind energy potentials with around 400 GW 

Denmark 
Presents good wind conditions and made the state support become a worldwide pioneer in this technology. The limited 

availability of suitable zones reduces its potential 

Germany Turbines repowering is required due to low land availability 

Spain Has one of the greatest wind capacities installed in Europe, but it has declined as a result of the subsidies elimination. 

United Kingdom Great potential for wind energy development, but it has decreased by cause of the policy incentives elimination 

Aegean Sea 
Wind potential with speeds exceeding 9 m/s. Limited support for the wind farms installation and the thermal power 

stations supplied with diesel and petroleum predominate 

Egypt Offshore wind energy potential in the Red Sea is 33 GW, from planning model information. 

Indonesia Optimized models for the wind turbines installation of 2000 W 

Thailand 
The work with the community allowed it to understand the concerns about the noise pollution that can affect the 

development of projects 

Colombia 
Support in the implementation of wind energies through policy incentives. The public-private alliances have been an 

optimal mechanism for the expansion of these projects 

China 

Has the world’s best wind energy capacity thanks to the government support in turbines manufacturing policies. 

Despite the poor energy regulation that has caused quality and reliability problems of the electrical grid, it has an 

offshore potential of 500 GW 

Biomass 

Switzerland Has the greatest biogas production in urban areas 

Finland Pioneer in biogas production 

Spain Bioeconomy strategy development from the use of residues, algae, and microorganisms 

Italy Bioenergy generation from wastewater 

India 
Microalgae cultivation and biodiesel production from wastewater. The biogas production is 2.07 billion m3/year, and 

production of 29-48 billion m3/year is estimated 

China Advances in the use of non-food energy crops such as sweet sorghum and miscanthus with high ethanol production. 

Netherlands Proposes models of the backup capability that biomass will have compare to solar and wind energy generation 

Poland Disadvantages for proper biomass combustion given the lack of specialized infrastructure 

Egypt Progress in the harnessing of sewage sludge and rice straw residues for energy production using anaerobic digestion. 

South Africa Roasting using Marula seeds and Manilkara Zapota wood as highly efficient biomass sources 

 

III. Photovoltaic Solar Energy 

Fig. 6 shows the top 10 countries PV solar energy 

capacity and the added power in 2018. According to Fig. 

6, China was the country with the highest installed PV 

solar capacity: by the end of 2017, it had 131.1 GW; 

then, in 2018 it added 45 GW to end the year with 176.1 

GW.  The United States, Japan, and Germany were on 

the second, third, and fourth place with 62.4 GW, 56 

GW, and 45.3 GW respectively by the end of 2018. 

The middle of varied markets has developed the 

experiences of the PV systems in European countries.  

Germany and Spain were the first countries that 

supported the PV technology dissemination on a larger 

scale. The German PV market appeared around multiple 

segments ranging from small-scale ceiling applications to 

big school farms. By contrast, large-scale systems of 

solar farms overtook the Spanish market. 
 

 
 

Fig. 6. PV solar capacity and additions, top 10 countries, 2018. 

Source: own elaboration with data from [7] 
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The PV technology expectations were very high, and 

over the years, economic skepticism reduced them. This 

alternative is essential in the independence of nuclear 

energy and fossil fuels in politically unstable countries 

[8]. A unique feature of the German energy transition is 

the PV energy expansion of the small-scale low-voltage 

systems; the most common size for these installed 

systems is 6 kW. In addition, the experience of the 

distribution system operators in the integration of the PV 

low-voltage system network should be a mitigation 

measure guide for capacity and voltage problems, 

depending on its practical applicability [9]. There are 

European cases where solar energy implementation is 

lagging due to financial constraints, as in the case of 

Greece, where the legislation promotes solar systems for 

buildings supply. However, in the non-connected islands, 

the buildings' electrical installations can reach up to 20 

kWp, with some exceptions. Implementing an energy 

performance contracting applied to pilot projects in hotel 

premises and buildings in Greece, it was estimated a 

percentage saving of 3-23% in the annual energy cost, 

with an investment of 0.02-0.04 € per kWh, with a 

repayment ranging from 3 to 6 years [10]. In the case of 

Romania, the results achieved are favorable after three 

years of a PV plant of 2.8 MW operation and the analysis 

of two other plants of 2.8 MW located in different 

geographic areas, but with the same power conditions, 

type of inverter and PV panels from one single supplier.  

Following some researches, PV installations 

connected to the distribution system can influence the 

stability and reliability of the 20 kV power grid. 

However, the voltage regulation to the common 

connection point, the harmonics, and the operation of the 

island may affect the distribution system. The installation 

of storage energy capacities will be a suitable solution for 

medium voltage power grids, which could contribute to 

keeping the connection point voltage, including 

predicting and making better use of the energy produced 

with PV energy plants [11]. Transylvania and rural 

communities of the country have designed PV farms for 

electricity supply with a capacity of one MW. The 

estimations indicate that it is possible to reach a profit of 

approximately twice the initial investment. Nevertheless, 

as a result of the reduction in the government financial 

support programs, such as green certificates, the 

investment in new PV installations will be less affordable 

[12]. In Portugal, the creation of urban community solar 

projects is at its peak and optimizing the inclination and 

the orientation, PV generation minimizes the electricity 

storage requirements. Not considering the storage, the 

PV profitability is always positive, and it declines as 

storage capacity increases [13]. One of the community 

solar project limitations in urban areas is the non-

implementation of these systems by the cause of a large 

number of people living as tenants and the required 

space. Switzerland has developed strategies to encourage 

the purchase of PV structures installed in other buildings, 

paying a standard electricity tariff regardless of the 

residence place [14]. The possibility of using PV 

modules immersed in water or just with a thin water 

layer, covering them suggests that using this source of 

energy, with the high efficiency of the solar radiation 

capture can apply to swimming pools and other 

decorative fountains [15]. At the same time, in Ethiopia, 

the use of geospatial technologies was tested for PV 

pumping based on solar energy for irrigation, taking into 

account the availability of groundwater resources.  

Furthermore, the small PV solar pumps may be 

economically more viable compared to electric and 

hydrocarbon processing pumps in rural and urban areas 

[16]. Although PV pumping systems are still under 

development, their impact on the socio-economic 

development of water-scarce countries requires further 

study. Saudi Arabia has become a pioneer of these 

systems contributing through technical studies on the 

capacity of heights in pumping flow with the available 

solar radiation in the zone [17]. Kenya is a developing 

country with an advanced solar market, which is caused 

by the historic shortage of light suffered by this country.  

The solar energy business that integrates the final 

user, leaving aside subsidies, has been proven as the best 

way to give solutions to the electricity problem of the 

country and to improve the average per capita 

consumption since the high cost of fossil fuels as 

kerosene impedes rural development [18]. South 

America is taking its first steps in the implementation of 

solar energy. Brazil is ideal due to its solar radiation and 

abundant quartz reserves, but according to the 

estimations, only 0.01% of the energy is produced using 

this technology. Most of the territory is found relatively 

close to the Equator, consequently, there are no 

significant variations in the solar potential and according 

to the local latitude in the times of the year when more 

energy is required, the position of the solar panel can be 

adjusted, in contrast to the southern hemisphere of the 

country, where the fixed solar collector must be facing 

towards the North with an angle of inclination similar to 

the local latitude. Brazil wants to develop its full solar 

energy potential, and it is building the most modern lab 

in the field of PV modules manufacturing in Latin 

America [19]. Colombia radiation is above the global 

average of 3.9 kWh/m2-day, with values that reach up to 

six kWh/m2-day, which contrasts with 4% of the 

country’s PV electricity production matrix. In 2014, the 

government implemented the Law 1715 of renewable 

energies recognizing that PV technology is the most 

viable for non-interconnected areas due to the average 

radiation in Colombia (4.5 kWh/m2-day). However, 

public entities' projects do not present maintenance or a 

weather monitoring process [20]. Autonomous PV 

systems in La Guajira designed to supply electricity to 

the regional indigenous communities showed that it is 

possible to obtain prices of 450 $/kWh (0.15 dollars) 

with subsidies of 60%. Although the cost is still high, the 

initial investment is low compared to the cost of 

extending the national interconnected energy system 

(SIN-in Spanish) to remote regions [21]. A PV 

installation of 20 kW assessed on Choco, generated 
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21817 kWh/year with an average PV generator efficiency 

of 13.87%. It is important to emphasize that without the 

support of state subsidies; there will not be economic 

viability for these projects in the area [22]. Even though 

under the solar panels' useful life, these do not represent 

a significant residue yet, their recycling is a subject 

necessary to address. In the recycling of panels, glass 

(54.7%), Al (12.7%), Si (3.1%), plastic (17%), among 

other materials, can be recovered. Countries like the UK 

and Japan already have strict rules borne by the producer 

of the solar panel. Although there are already many 

methods to recycle solar panels, there are countries like 

China that are not interested in this subject [23]. Small 

PV systems are also considered to facilitate its transport 

in container trucks when their useful life expires [24].  

The traditional battery charge method using PV 

energy is an isolated design that is expensive, 

unproductive, and presents energy losses. For this reason, 

a door opens to integrated PV-batteries designs classified 

as direct integration, photo-assisted integration, and 

redox flow battery, which commonly uses the redox 

couple triiodide/iodide catholyte. However, it is in the 

initial stages of research, and there are challenges such as 

the low efficiency, capacity, and instability of these 

systems. There are PV technology advances such as 

perovskite charging Li4 Ti5 O12 / LiFePO4 and LiCoO2 

LIB, triple-junction solar cells with piles of thin-film 

silicon solar cells, among other projects that have 

demonstrated better efficiencies compared to current 

batteries. Nevertheless, these depend on the viability of 

innovative materials development to optimize these 

systems [25]. In Spain, the use of vanadium redox flow 

batteries was evaluated, subjected to accelerated aging to 

appraise under galvanostatic charging conditions 

(continuous energy) and with solar panels (non-

continuous energy). The results indicated that the 

stability of the battery charged with the discontinuous 

current flow was higher than the one charged in 

continuous conduction mode. Therefore, the 

charge/discharge performance was better; besides, it 

showed less membrane deterioration, which explains its 

finer stability. On the other hand, there was less energy 

efficiency when the battery was working in 

discontinuous current mode. The study found that 

vanadium redox-flow batteries are suitable as energy 

storage systems for solar energy [26]. Solar cell 

efficiency is generally quite low, and it is affected by 

factors such as the panel orientation, the shadow, the 

wind speed, the environment temperature, the 

precipitation, and the dust deposition, which is an 

essential element in the panels’ maintenance. Currently, 

the cleaning solutions are mechanical or water-based for 

the most part. There are also mechanisms for solar panels 

cleaning. A dust mitigation technique must be 

implemented concerning capital costs, the installation 

benefits, and especially the place conditions.  In India, an 

automated water-free cleaning system that uses 

mechanical elements, and soft brushes for dust removal, 

according to a present configuration done by the user, 

given the environmental conditions of the area was 

proposed. This technology caused an energy efficiency 

improvement, ensuring sustainable maintenance in a 

cost-effective manner [27]. A manual cleaning process 

cannot eliminate the minuscule particles effectively 

because there is a risk of scratching the panel. In 

consequence, methods such as the electrostatic one, 

which requires energy to create triboelectric charging, 

and dielectric strengths in parallel electrodes (typical 

cleaning method in surfaces out of planet Earth), and the 

mechanical method that uses energy to generate a 

movement to clean need further research. The air 

conditioner blowing method provides advantages in 

terms of effective mechanical methods compared to other 

automated techniques. Since this technique can eliminate 

excessive heat in the PV panel with no surface scratches 

during the self-cleaning process, the passive coatings 

such as the superhydrophobic and the super hydrophilic 

also show advances. However, the development of new 

polymers and small robots is necessary for efficient 

cleaning without solar panels deterioration [28]. 

IV. Wind Energy 

This technology is the second biggest source, with 

23% of renewable energy, and its cost is comparable to 

fossil fuel energy in favorable regions. Fig. 7 shows the 

wind and added power capacity of the top 10 countries in 

2018. The most representative countries in the world’s 

installed wind power are China, the United States, 

Germany, and India. By the end of 2018, these countries 

had 184.3 GW, 96.4 GW, 59.3 GW, and 35.1 GW, 

respectively. Brazil and Mexico appeared for the first 

time in the top 10 countries with the worldwide best-

installed wind power capacity with 14.7 GW and 5 GW, 

respectively. Norway has the best potential capacity with 

over 1000 GW, three times better than any other country. 

Besides, around 400 GW is available with capacity 

factors above 30% [29]. 28% of wind turbines are 

estimated to end their useful life in 2020, and the 

decisions include the repowering, the lifelong extension, 

and the dismantling of the turbines.  
 

 
 

Fig. 7. Wind power capacity and additions, top 10 countries, 2018. 

Source: own elaboration with data from [7] 
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Nevertheless, the scarcity of available areas with the 

right wind conditions in Germany and Denmark is a 

repowering factor, while there are still accessible 

appropriate areas in Spain and the United Kingdom. The 

small wind turbines operation is generally unviable [30].  

Both the United Kingdom and Germany aim to reduce 

their carbon emissions by 80% in 2050, and the costs 

have remained constant in the UK and decreased in 

Germany. Despite the renewable energy, capacity has 

increased five times twice, respectively, supporting the 

hypothesis that there is already significant flexibility in 

these systems. Hence, a larger renewable production 

quantity can be managed using a better system operation 

without needing to raise costs [31]. The Danish energy 

transition is potentially the most prominent case of fossil 

fuel import independence firmly based on state support.  

However, the disproportionate encouragement to wind 

energy neglected the community's social principles of 

renewable energies necessary for the Danish vision of 

2050 about using 100% renewable energies [32]. The 

island region Archipelagos of the Aegean Sea has 

excellent wind potential, with areas where average wind 

speed can exceed 9m/s. However, most islands cover 

their electricity needs only by using thermal power 

stations (diesel and units based on heavy fuel oil-

primarily), the stability restrictions of the local power 

grids limit the wind energy contribution, and during the 

last years, there have been no new installed wind farms 

in the region [33]. At present, Egypt plans to scale up the 

renewable energy efficiency from 1 GW to 7.5 GW for 

2020, probably through the marine renewable energy in 

the Red Sea, given its potential in three areas with strong 

winds and minimum restrictions, capable of producing 

around 3 GW of wind energy. Also, it has developed 

offshore wind-suitability maps, which provide reliable 

information for planning models of wind farms in Egypt 

and the world [34]. Indonesia has used wind energy in 

places like Puger Beach. Using the Weibull analysis it 

was determined that for turbines of 2000 W, the optimal 

distance is 5-9 times the rotor diameter, at an altitude of 

43.2 m, with the capacity to get 16.22 kW/m2, an 

electrical power of 59.57 kW and an electricity 

generation of 619.76 kWh in a wind farm provided for 

this area [35]. The marine renewable energy can be a 

primary energy source in the future, considering the high 

available energy, less turbulence, less civil complains 

compared to onshore wind energy.  However, the 

operation and maintenance are critical, and the 

environmental impact requires more studies due to 

problems such as the noise and vibration caused during 

the base installation, affecting the fisheries. Studies have 

established that the tripod structures were the most 

promising solution shortly, being the best for water at a 

depth of 30 meters, while the floating structures are 

competitive in the long-term, optimal for deep water.   

The evolution of ecological and innovative 

foundations is recommended [36]. The installation costs 

of a floating wind farm installed in high seas depend on 

the type of platform. In Galicia- Spain, three offshore 

floating substructures were compared: spar, 

semisubmersible, and tensioned leg, also evaluating the 

installation costs. According to the results, the best 

alternative to install an offshore wind farm in deep water 

is a semisubmersible platform because it can be towed, 

join to the offshore wind turbine, from the shipyard to the 

offshore location, which reduces installation costs. The 

cost reduction will condition the future of this type of 

project in terms of its life cycle process [37]. There are 

community concerns about the construction, operation 

and environmental impact of wind turbines, studies in the 

south of Thailand showed that depending on the study 

area, there is disinformation on this type of projects 

details, which affects the construction stage given the 

community disagreements that show concerns at the 

noise pollution that can be generated [38]. It is essential 

to inform the whole community about these projects and 

the technical and well-being injuries that they and the 

environment would probably have, since after all the 

wind farm neighbors can end with these projects.  

Colombia has good wind potential, half of its total 

wind energy potential is estimated to supply the country 

electricity demand. However, Colombia has an installed 

wind energy capacity of 19.5 MW, which represents 

around 0.4% of all the technical potential, in addition to 

the indigenous communities' influence in the 

implementation of these projects in their territories, 

which affects the installation and operation of the 

turbines. Diversification of the Colombian energy matrix 

is indispensable, given its hydroelectric power stations' 

vulnerability to climate change [39]. The Colombian 

national government has supported the development of 

these types of energies with regulatory incentives 

enabling the economically viable deployment of these 

technologies in technically suitable places. Of course, the 

public-private alliance is the optimal mechanism for the 

expansion of wind energy projects [40]. China shares the 

world’s highest wind energy capacity, and this is mostly 

due to government support, which has provided policies 

attractive to wind energy-manufacturing enterprises.  It is 

estimated an offshore wind energy potential of 500 GW 

in conditions of 5-50 m of water depth and 70 m in 

height. This wind energy integration has improved the 

energy sector and the economic growth of the country.  

However, there are no technological regulations for 

wind turbines qualities, and most enterprises are 

integrating low-quality turbines to the electrical grid, 

causing liability problems in the grid when constant 

energy is not received. At the same time, the electrical 

grid enterprises took two years to obtain the central 

government approval permission for the electrical grid 

installations, and the low cost of the energy consumed by 

the demand works against the appropriate care of the 

wind farms [41]. 

V. Bioenergy 

Fig. 8 shows the cost of the worldwide total 

investment in biopower in 2018. 
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Fig. 8. Worldwide biopower total investment, 2018.  

Source: own elaboration with data from [7] 

 

In 2018, the Middle East region invested the most in 

biopower with an average of 4022 USD/kW, followed by 

the United States with 3877 USD/kW and Europe with 

2917 USD/kW. Interestingly, regions with developing 

countries appeared in this classification with substantial 

investments in biopower, just as in the case of Africa, 

Central America and the Caribbean (CA and TC) and 

South America; with an average of 1220 USD/kW, 1768 

USD/kW and 1081 USD/kW respectively. Modern 

bioenergy can help to reduce greenhouse gas emissions, 

promote energy security, diversify energy resources, and 

contribute to a prosperous economy and rural 

development. Nevertheless, it is essential to find a 

balance between the exploration of resources and the 

ecosystem service management. The global research can 

provide energy solutions in most of the planet without 

affecting the ecosystems. In the case of the Baltic Sea 

region, there is a great potential; Switzerland and Finland 

have the highest bioenergy production, it is noteworthy 

that a synergic system that addresses all sectors reduces 

economic and environmental losses, encouraging 

investment and the countries development [42]. In 

January 2016, Spain launched its bioeconomy strategy 

intending to support a bioeconomy based on production, 

and the efficient and sustainable use of biological 

resources. These included bioenergy from the use and 

valuation of waste, residues, and other non-conventional 

biomass sources such as algae and microorganisms, 

reducing dependency on fossil sources. The contribution 

to the bioenergy GDP, including electricity generation 

biomass, thermal energy, and biofuels for transport 

between 2007 and 2014, averaged 3562 billion euros 

each year. In this period, 47 880 jobs were created, with 

a total of organic residues and other biomass sources of 

159 tons/ year [43]. In Italy, it was implemented a very 

efficient simultaneous approach of bioenergy generation 

from wastewater and value-adding compounds 

production employing photosynthetic microbial fuel cells 

such as microalgae, based on membranes made of 

polybenzimidazole. These electrochemical devices are a 

promising option, given its low cost and sustainability 

[44]. Wastewater provides nutrients for microalgae 

growth, offering a new opportunity for biodiesel 

production. In India, the required resources and the 

environmental impacts of microalgae crops and biodiesel 

production were proved to be less than if they were 

cultivated in freshwater. Although this system is highly 

sustainable, it must be considered a primary treatment for 

solid particle disposal and an appropriate algae strain 

[45]. China shows advances in possible non-food energy 

crops, sweet sorghum rich in sugar, and Miscanthus rich 

in biomass are increasingly becoming primary candidates 

for large-scale production. This type of raw material with 

some genetic modifications are becoming an option for 

biomass and liquid biofuel production by improving the 

conversion to ethanol [46]. In the Netherlands, the 

modeling of Amsterdam city bioenergy potential offers 

scenarios for the backup capacity that biomass will have 

in the future generation of wind and solar electricity in 

the city. The supply and the demand in the city must be 

balanced all the time with the urban residues flows when 

the wind and solar energy availability decreases for 

seasonal matters. There must be around 1400 resources 

tons available per day according to research, similar to 

the residues city production. Nonetheless, this input must 

be stored or imported to get a sustainable city [47]. The 

barriers to biogas dissemination produced by anaerobic 

digestion of biodegradable organic matter are raw 

material availability and quality, the supply chain, the 

level of consciousness, and the policies backup and at the 

same time, the technology is not appropriate.  Currently, 

in India, the total biogas production is 2.07 billion 

m3/year, which is very low compared to its power 

estimated to range from 29 to 48 billion m3/year.  

Individual households manage most of the small-scale 

plants to produce self-consumption energy. On the other 

hand, big and industrial-scale biogas plants with a 

capacity over 5000 m3 of biogas per day use mostly 

municipal organic or industrial waste to produce biogas, 

which can be used to produce electricity, heat, and fuel 

generation for transportation. It is necessary to learn from 

countries such as Germany and Switzerland how to 

promote biogas technologies dissemination in urban 

areas [48]. Biomass burning in the electricity production, 

the thermal energy from forestry and agriculture plants 

mixed with coal requires careful attention since coal 

stabilizes the combustion process and it significantly 

limits the side effects that occur during biomass burning. 

For energy companies in Poland, the disadvantages of 

biomass combustion are the need for building specialized 

infrastructure under the calorific value produced, and the 

technology required treating gas emissions, these 

outweigh the possible financial benefits. In general, this 

coal-biomass union for energy production is being 

studied [49]. In Egypt, there have been advances in this 

energy branch taking advantage of the wastewater 

sediments and the rice straw residues and calculating the 

energy potential from anaerobic digestion as an 

environmentally friendly and natural source of renewable 

energy. Mixing the sludge with 4% of rice straw, the 

performance of biogas had a six-fold increase with a 

methane component of 60-63%, which means that the 

biogas produced by this type of digestion is an attractive 

renewable energy source. Furthermore, a significant 

decrease in pathogens and the organic contents of the 
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sludge was observed, and it is worth mentioning that 

direct rice straw combustion is the best technique to 

recover energy [50].  

Roasting in South Africa using Marula seeds and 

Manilkara Zapota wood as biomass sources managed to 

obtain calorific values similar to those of the coal with 

the following conditions: Temperatures between 275 and 

300°C under inert conditions, with a heating rate of 

10°C/min and a residence time between 20 and 40 

minutes. 

The union of coal and biomass roasted are quite 

attractive for combined heat and power plants, given the 

greenhouse gasses decrease without affecting the energy 

efficiency and the plant design [51]. The end of the 

conflict in Colombia opens up possibilities for the 

expansion of potential energy crops. The combination of 

all the bioenergy technologies with no deforestation and 

agricultural intensification and extensification could 

encourage greenhouse gasses reductions up to 280%, a 

value four times the commitments of Colombia for 2030 

[52]. 

VI. Hybrid Power Systems 

Fig. 9 shows the worldwide renewable energy 

capacity and biofuel production in 2018. The 

technologies with the highest installed capacity of the 

world in 2018 were wind power with 591 GW, PV solar 

energy with 505 GW, and biopower with 130 GW.  On 

the other hand, the technologies with the lowest installed 

capacity were the ocean power with 0.5 GW, the 

Concentrated Solar Power (CSP) with 5.5 GW, 

hydropower with 1.13 GW, and the geothermal power 

with 13.3 GW. Most of the worldwide population is 

disconnected from the power grid, and a third of these 

people do not have access to drinking water sources at 

the same time. 

 

 
 

Fig. 9. Global renewable energy capacity and biofuel production, 2018. 

Source: own elaboration with data from [7] 

This situation has not gone unnoticed by investigators 

that analyze the interaction between renewable energies 

and the storage of the autonomous system. The hybrid 

renewable energy systems, independent of the power 

grid, are being developed; specifically, wind and solar 

energy have drawn more attention to supply drinking 

water and electricity requirements. Owing to this system 

complexity, the optimal balance between the wind and 

solar resources and convenient storage, particular 

attention is needed to find a proper engineering solution.  

At the same time, there have been proposed new 

algorithms to improve these systems efficiency and 

hydrogen energy storage as a substitute for traditional 

batteries, although these are not ideal for implementation 

yet [53]. For a factory located in a coastal area, a solar 

and wind hybrid energy source, where the onshore wind 

has average speed of 41.6 km/h nearly year-round. The 

system consists of PV power of 35 kW, a vertical axis 

wind turbine of 10 kW with wind rated speed of 12m/s, 

and batteries with a capacity of 30 kW. Implementing the 

Maximum Power Point Tracking method (MPPT) unified 

and highly accurate that at the same time scans the 

maximum power points of both PV and wind systems.  

The advantage of this system is the electric energy 

production under different environmental conditions 

such as cloudy skies; therefore, in remote areas with 

proven efficiency, it can be widely used [54]. The 

adaptability that renewable energies have with each other 

is an alternative to consider in the case of the island 

water supply systems. There, the water desalination 

depends on a stable high power energy supply. In the 

Maldives islands, the electricity need is approximately 

1.3×10 kWh, and the sum of solar, wind, and biomass 

energy is approximately 9.51×10 kWh, which is higher 

than the energy demand. Additionally, these systems do 

not produce greenhouse gasses or noise, unlike the 

existing diesel power plants [55]. Saudi Arabia sets an 

example of water desalination systems; the simulation 

tools are the guidelines for the implementation of new 

hybrid power projects that integrate two sources: solar 

panels and wind turbines. The power generated is stored 

in a battery, and then it feeds the engines in the pumping 

station of the desalination plant. Therefore, during the 

day most of the energy comes from solar panels, and at 

night when the sun sets, but it is windy, the turbine can 

provide most of the power, of course, the wind turbines 

are expected to provide more power than the solar panels 

[56]. In Colombia, rural electrification is very limited.  

For this reason, it was analyzed the option of 

integrating PV panels, wind turbines, and diesel 

generators in an independent hybrid energy system for 

the rural electrification in three towns disconnected from 

the electrical grid with different weather conditions. The 

software HOMER was used to determine the best techno-

economic combination. As a result, the integration of 

diesel combined with renewable energies decreased the 

CO2 emissions to 2.6% per year compared to a unique 

diesel system. The optimal hybrid systems costs analysis 

revealed that the initial investment in Puerto Estrella- 
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Guajira is USD 180, and the Net Present Value (NPV) is 

USD 289 to cover the demand. The configuration that 

gives priority to the diesel generator has a lower initial 

investment. However, it presents higher CO2 emissions, 

and the fuel supply does not make it the best choice [57].  

Hydrogen is an option for energy generation; simple 

biomass sugars with the fermenter bacteria’s help can 

produce it. The methane generated through the 

fermentation of natural beverages such as pulque can be 

used for hydrogen production by the catalytic cracking 

process. Since methane can be recovered, it can produce 

energy, recalling that methane is a greenhouse gas.   

Therefore, this will contribute to this compound 

decrease in the environment. The two days fermented 

pulque has 5% of hydrogen of the total biogas that the 

100 mL samples produced in the pulque samples with the 

fermentation of more than two days, the H2 

concentration is 5 μmol on average [58]. One of the most 

considerable challenges standing in the way of a 100% 

renewable energy is the transition of the transportation 

system. A 100% renewable transportation that offers the 

same worldwide transportation service of 2014 will 

demand approximately 18% less of energy, decreasing in 

the road transportation (69%), but increasing in the 

maritime (163%) and aviation (149%) transportation.  

The batteries required to supply the vehicle fleet 

represent the highest environmental impact, limiting the 

expansion of electric vehicle indefinitely. Lithium-ion 

batteries have a higher energy density. For this reason, 

these are currently the most commonly used in electric 

cars.  If these batteries were used to renew the worldwide 

fleet, 75 Mt of nickel would be used, representing 65% 

and 96% of the current Li and Ni reserves, respectively.  

33% and 46% of the existing reserves of Li and Ni 

would be taken, respectively, if 50% of Li batteries and 

50% of Ni batteries were used. In turn, hydrogen energy 

produced by wind is approximately four times more 

expensive than the direct use of wind electricity 

according to findings [59]. 

VII. Conclusion 

Technologies such as PV demands advances in the 

panels to improve their efficiency in addition to being of 

low competitiveness for autonomous systems without the 

support of government subsidies. Wind energy has had 

the best energy efficiencies, and efforts have been made 

to extend the installation of wind turbines that take 

advantage of low wind speeds conditions.  

Bioenergy has a bright future; the environmental 

balance can be recovered using residues for energy 

production. Minimizing the volume of waste sent to the 

landfill and using third-generation technologies, the 

environmental impact is minimal compared to the other 

energy production technologies. 

The transition to renewable energy requires policies 

that allow confronting and destabilizing the dominant 

energy systems. Real energy democracy requires public 

and community empowerment and the renewable energy 

systems ownership, including the land, the renewable 

energy generation facilities, the microgrids, and the 

small- and medium -scale storage technologies. Although 

the short-term costs of renewable technologies are high, 

compare to traditional energy costs, in the medium and 

long term are the best choice. The worldwide renewable 

capacity growth is led by China, which is responsible for 

over 40% of this growth, followed by the United States, 

Europe, and the stable development of India, Japan, and 

Brazil. 
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