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ABSTRACT 
 

INTRODUCTION: Hydropower is an extensively used renewable source; in 2016, 159 countries 
reported benefiting; currently, there are around 9,000 projects in operation due to the 
competitive cost of generating a similar cost such as thermal energy such as coal, oil, or gas in 
the range of USD 4 - 5 cents US dollars per kilowatt-hour. OBJECTIVE: Investigate the results 
of hydroelectric development in the face of the changing climate and the generated impacts, 
making hydropower a subsector of special attention to discussing the global projection. 
METHOD: Bibliographic review to reflect on the global context of hydroelectricity based on 
scientific studies. RESULTS: Hydropower projects a 6% decrease for Europe by 2070, from 
20% to 50% throughout the Mediterranean, and a reduction in usable capacity in most 
hydroelectric plants between 61% for the 2040 scenario– 2069 globally. DISCUSSION AND 
CONCLUSIONS: Globally, hydropower presents a broad vision of the advantages, and little 
said about the disadvantages and problems, and only there are specific studies that shown 
various project studied in a general way. It is shown that hydroelectric production has several 
implications in the face of the changing climate and impacts generated in ecosystems by the 
deployment of large infrastructures. 
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RESUMEN 

INTRODUCCIÓN: La hidroelectricidad es una fuente renovable ampliamente usada; en el año 
2016, un total de 159 países reportaron beneficiarse, actualmente existen alrededor de 9,000 
proyectos en funcionamiento debido al costo competitivo al generar a un costo similar como la 
energía térmica como el carbón, petróleo o gas en el rango de USD 4 – 5 centavos de dólar 
americanos por kilovatio hora. OBJETIVO: Indagar los resultados del desarrollo hidroeléctrico 
frente al clima cambiante e impactos que se generan, volviendo a la hidroenergía un subsector 
de especial atención para discutir la proyección global. MÉTODO: Revisión bibliográfica para 
reflexionar en base a estudios científica el contexto global de la hidroelectricidad. 
RESULTADOS: La hidroelectricidad proyecta una disminución para Europa en 6% para el año 
2070, del 20% al 50% en todo el Mediterráneo, y, reducción de la capacidad utilizable en la 
mayoría de plantas hidroeléctricas entre el 61% para el escenario 2040–2069 globalmente. 
DISCUSIÓN Y CONCLUSIONES: Globalmente la hidroenergía presenta una visión amplia de 
las ventajas y poco se habla de las desventajas y problemas, debido a que solo existen 
estudios específicos de diversos proyectos estudiados de forma general. Se demuestra que la 
producción hidroeléctrica tiene varias implicaciones frente al clima cambiante e impactos que 
se generan en los ecosistemas por el despliegue de grandes infraestructuras.  

Palabras claves: agua, energía, hidroelectricidad, renovable. 

 

RESUMO 
INTRODUÇÃO: A energia hidrelétrica é uma fonte renovável amplamente utilizada; em 2016, 
um total de 159 países informaram ter se beneficiado, existem atualmente cerca de 9,000 
projetos em operação devido ao custo competitivo de geração de um custo semelhante, como 
energia térmica, como carvão, óleo ou gás na faixa de US $ 4-5 centavos dólares, por 
quilowatt-hora. OBJETIVO: Investigar os resultados do desenvolvimento hidrelétrico frente às 
mudanças climáticas e os impactos que são gerados, tornando a energia hidrelétrica um 
subsetor de atenção especial para se discutir a projeção global. MÉTODO: Revisão 
bibliográfica para refletir sobre o contexto global da hidroeletricidade com base em estudos 
científicos. RESULTADOS: A hidroeletricidade projeta uma redução de 6% para a Europa até 
2070, de 20% para 50% em todo o Mediterrâneo, e uma redução da capacidade útil na maioria 
das usinas hidrelétricas entre 61% para o cenário 2040–2069 globalmente. DISCUSSÃO E 
CONCLUSÕES: A energia hidrelétrica global apresenta uma visão ampla das vantagens e 
pouco se fala sobre as desvantagens e problemas, porque existem apenas estudos específicos 
de vários projetos estudados de uma forma geral. Sendo mostrado que a produção hidrelétrica 
tem diversas implicações diante das mudanças climáticas e dos impactos que são gerados nos 
ecossistemas pela implantação de grandes infraestruturas. 

Palavras-chave: água, energia, hidroeletricidade, renovável. 

 

INTRODUCTION 

Electricity is essential for human life, well-being, and economic development; 

however, according to a 2010 report, approximately 20% of the world's population 

remains without access to lighting, refrigeration, good education, or drinking water [1]. 

Light signifies socio-economic development, during darkness a significant concern. 

Today, more than 1.2 billion people lack electricity, mainly in Asia and Africa, with 

around 80% in rural areas [2], [3]. 

According to the digital journal Global Change Data Lab, registered by Oxford 

University, around three-quarters of global greenhouse gas emissions come from the 

burning of fossil fuels for energy. To reduce global emissions, we need to 
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shift our energy and systems away from fossil fuels to low-carbon energy sources; 

Figure 1 shows the breakdown of global primary energy consumption for 2019 [4].    

 

Figure 1. Global primary energy consumption by source. [4]  

Despite producing more and more energy from renewables each year, the 

global energy mix is dominated by coal, oil, and gas. Not only does most of our energy, 

84% of it, come from fossil fuels, but we also continue to burn more each year: total 

production has increased from 116,214 to 136,761 TWh in the last ten years [4], [5]. 

However, we need to decarbonize the global energy grid, and the development 

of renewables needs to be a strong strategy; doing the hydropower can expand around 

the last decades. 

Hydroelectric power has been an influential low-carbon energy technology for 

many countries for more than half a century [6]. Globally, it is still the largest renewable 

energy source; next, an interactive map in Figure 2 shows the capacity and share of 

primary energy that comes from hydropower across the world. 

 

Figure 2. Hydropower generation at 2020 in TWh. [4] 
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The International Commission on Large Dams mentions that by 2020, more 

than 9,000 hydroelectric dams registered on every continent, which supplies almost 

70% of all renewable energy worldwide [7], [8]. 

According to the International Renewable Energy Agency (IRENA), in 2016, 

more than 1 billion people covered their demand with hydroelectricity in 159 countries 

that reported benefiting. Currently, there are around 9,000 projects in operation due to 

the competitive cost of generating a similar cost such as thermal energy such as 

coal [9], [10]. Moreover, in 2018 the global hydroelectric capacity was 1,292 GW, 

increasing at a compound annual rate of around 3.5% in the last five years [11]. 

Therefore, currently being built about 160 GW of hydroelectric capacity and are 

planned over 1 000 MW with around 1200 large dams under construction in 49 

countries, mainly in Asia, this 347 are essential with a height more than 60 m [12], [13]. 

Nonetheless, this hydroelectric energy does not depend on the use of fossil 

fuels should not make us think that it does not have adverse effects on the 

environment. The so-called "clean" energies are never clean when they are produced 

on a large scale because they show a drastic change in the environment, have severe 

impacts on human lives and natural ecosystems, often irreversible [14], [15]. 

On the other hand, considering global energy production, an essential factor is 

the number of hydroelectric plants constantly growing worldwide. However, such 

facilities carry a wide range of effects that require a solid and in-depth evaluation with a 

complex interaction of social, ecological, technical or economic impacts, and these 

effects are bit quantized [16]–[18]. Therefore the need to analyze this type of 

renewable energy estimated cumulatively requires a billion dollars to compensate for 

the deterioration of the last 18 years of hydroelectric generation caused by climate 

change [19]. 

With the background presented that speaks of hydroelectric deployment as a 

clean and renewable source, there is much talk about the advantages. However, little is 

known about the effects, and only there are specific studies that shown each project 

studied. The reason for which hydroelectric development is an area that requires 

analysis and study to delineate reflection. 

Given these theoretical backgrounds, the study analyzed the future projections 

for hydroelectricity throughout the world to investigate the results of analysis and 

simulations of hydroelectric development in the face of a changing climate and impacts 

generated in ecosystems by large-scale deployment hydroelectric infrastructures. 

 

METHODOLOGY 

The methodology consists of the scientific method to develop consolidated 

concepts, conducting a documentary and bibliographic review of scientific articles 

published from January 2017 to December 2020. The databases consulted were 

Science Direct and Scielo.  
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Keywords selected were used to find the information; the keywords used were 

three: hydropower projections, the future of hydropower, and hydropower trends, such 

as represents Figure 3. 

By the way, globally, several documents found between protocols, guides, 

articles, and studies that seek to guide the impacts and projections of hydroelectricity, 

and consequently, in a world of technology, knowledge, and constant changes, there 

are reflections and approaches to each topic of different way. 

 

Figure 3. Methodology applied 

 

RESULTS 

Fresh water and energy are two essential resources for life; however, the 

current situation of both and their prospects at a global level are reflected in one word, 

"scarcity" [20]. Otherwise, seasonal variations, the known effects of climate change, 

and a growing world population that requires greater demand and competition for water 

and energy make it time to analyze the hydropower projections [21]. Luis Berga 

mentions that hydroelectric availability requires careful attention to mitigate the acute 

effects, and it is probable that climate change will alter river flows [2]. 

Studies present hydroelectric energy as a source of clean energy and one of 

the leading renewables globally; however, social, environmental, and economic effects 

are associated with its use [22]. Also, it expected that the growing human demand 

would require natural resources at a global level, facing challenges in the coming 

decades [23]; therefore, hydroelectricity is projected in Table 1. 

  

Methodology

Science Direct and Scielo 
Databases

Hydropower 
projections

11 References

The future of 
hydropower

14 References

Hydropower trends

18 References

Boolean operatos
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Table 1. Observations, conclusions, and studies of hydropower projections 

Item Author Observations 

1 
Ludovic 

Gaudard 

It is estimated that the hydroelectric potential for Europe will decrease by 6% 

by the year 2070, and a stable hydroelectric pattern is projected for Western 

and Central Europe, and, it is expected, a decrease from 20% to 50% in the 

entire Mediterranean [24], [25] 

2 
Laura 

Scherer 

A study of water footprints of 1500 hydropower plants which cover 43% of the 

global annual hydroelectricity generation, demonstrates that are impacts on 

water quality and quantity by the hydroelectric development that depends on 

the consumption of much water, from construction to fill the surface of the 

reservoir, contributing to water insufficiency on near future [26]. 

It projected that there would be water reductions in the United States, East 

Asia, South America, South Africa, and Australia, where substantial 

temperature increases are programmed combined with reductions in the 

average annual water flow [27].                 

3 
Matteo 

Mattmann 

Generates a meta-analysis of the externalities of hydroelectricity based on a 

database of 81 observations derived from 29 analyzes that assess the 

impacts on the market of hydroelectric electricity generation where the public 

aberration towards the construction of hydroelectric projects is evidenced by 

the change of landscapes, damage of vegetation and death of wildlife. 

Furthermore, there is resistance to hydroelectric projects in areas where the 

external negative potential is significant; for example, in conservation areas, it 

is recommended that the hydroelectric plants designed where they have the 

least possible impact on the environment and rural communities [28].          

4 
Michelle 

Van Vliet 

Presents a global assessment of the vulnerability of hydroelectric and 

thermoelectric production in the world due to climate change, options for 

sustainable adaptation of water and energy are tested through coupled 

hydrological modelling, the study shows a reduction in capacity usable in 

hydroelectric and thermoelectric plants 61% for the time scenario 2040–2069 

[29].  

5 Xiaojin Li 

Mentions that a current important industrial activity is hydroelectric 

development to provide energy and socio-economic benefits. 

However, large dams, pipes, barriers, and hydroelectric equipment inevitably 

damage or even destroy ecosystems at different spatial scales, such as 

forests. The study concludes that the optimal installed capacity of the 

hydroelectric projects should be higher than 5 MW in future plants because 

the cost of the ecological loss per kWh is expected to be lower from this 

capacity [30].       
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6 
Mary 

Antwi 

In Africa, energy analyzes state that climate change creates social change 

showing an impact on hydroelectric generation, based on studies showing that 

climate change will vary up to 3% hydroelectricity by 2050 [31]. Furthermore, 

the continent can generate an inability to adapt to these changes, giving rise 

to various threats such as frequent droughts, poverty, diseases, famine, social 

conflicts, and others throughout the continent [32].      

7 
Byman 

Hamududu 

The author studies hydropower production in future climate scenarios on the 

Zambezi river, the caudal flow that has around of 6 hydropower’s projects; the 

conclusion shows that Climate change remains a threat to water resources 

projects in southern Africa, where impacts resulting from climate changes are 

projected to be harmful and worse in most other world regions [33]. 

As shown in different studies, it is notable that economic growth depends on the 

energy resource and water, and the two demands have a general requirement, so 

hydropower development presents challenges for the future [34], [35]. When analyzing 

global resources, hydroelectric generation is essential for the renewable aspect. 

However, limited policies, disputes within governments, and lack of international 

cooperation generate hydroelectric projects with high ecological and social impacts 

[36], [37]. 

If the rapid pace of large-scale infrastructure construction of hydroelectric power 

is maintained, there is a risk of stressing the watersheds and damaging irrigation 

systems for food production; these problems are expected to intensify with the high 

population growth and the global economic deficit the Covid-19 [38]. Thus, it 

recommended to analyze the impacts of hydroelectric energy looking for integrated 

solutions for the water, energy, and sustainability nexus, because hydroelectric 

development will play a fundamental role for global energy security but not for water 

security [39], [40]. 

On the other hand, interdisciplinary studies question the leading role and 

ostensible benefits of large-scale hydroelectricity. The possible benefits of hydroelectric 

generation are improved access to energy, economic development, flood control, 

reduction of carbon emissions, and others, but generally, these effects are restricted 

and occur in very remote urban areas [41]. Hence, hydropower will continue to be a 

controversial energy option in the coming years [42], followed a summary of the 

negative impacts of hydroelectric development in Figure 4. 
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Figure 4. Relationship of adverse effects on hydroelectric production. [43]–[46] 

As displayed, there are several adverse effects; on a constructive level, 

hydroelectric dams are one of the largest energy infrastructures in the world, and there 

is a huge need to build more dams. However, it recommended through a robust 

political framework with social concerns, environmental protection, ecosystem 

rehabilitation and transparency constructive [47].  

Christiane Zarfl demonstrates that the construction of large future hydropower 

dams will particularly affect species-rich catchments located in the subtropics and 

tropics [48]. Weiyao Tang, in a sustainability risk evaluation for large-scale hydropower 

projects, demonstrates that the eco-environment system is a relatively vital part to 

consider on the hydropower development, and the most critical specifically factors in 

controlling sustainability risk are careless on terrestrial animals, aquatic vegetation, 

fishes and soil [49]. 

Policymakers, engineers, and builders must embrace methodologies or 

protocols to prioritize the location of hydropower plants sustainably in different parts of 

the world [41]. 

For example, the researcher Wang Hejia to accurately assess the impacts on 

potential hydroelectric, mentions that a quantitative approach that combines 

climatology, hydrology, econometrics, and operational research models should be 

implemented for the future [50]. 

Social / Cultural

•Movement of people to places other
than their origin

•Change of more urban customs due to
resettlement

•Loss of cultural activities such as fishing,
hunting, or recreational tourism

•Variation in the way of life of the
neighboring town

Ecological / 
Environmental

•Diversion of rivers, flows and natural
basins

•Change in the quality and physical,
chemical and biological water
conditions

•Animal migration

•Death of species

•Deforestation by the constructions

Techniques

•Construction of large infrastructures
such as dams, roads and electricity
facilities.

•Homes in previously unpopulated areas

•Dams damage fauna and flora when
dam gates are opened because they
disturb ecosystems
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DISCUSSION AND CONCLUSIONS 

Globally, hydropower production presents a broad vision of the advantages, and 

little said about the disadvantages and problems; hence, several scientific studies show 

that hydroelectric production has several implications in the changing climate and 

generated impacts in ecosystems by the development of large infrastructures. 

The hydro-energy projects that use the resource in nature for their exploitation 

demonstrate an extensive and complex system of environmental, social, and cultural 

effects and impacts with a broad topic of discussion and future research opens up. 

Moreover, hydroelectric projects provide "clean" energy and development, 

depend on a specific, strategic location and an ideal type of infrastructure, which 

creates problems for using freshwater that contains aquatic life and serves for agro-

industrial irrigation downstream of each project. 

Hydroelectricity has complex projections worldwide, mainly simulating and 

forecasting reductions by changing climate, and renewable energies are a global 

priority. Owing to the sizeable hydroelectric potential that exists, it is necessary to 

diversify other renewables, like wind and solar energies, to avoid the environment by 

building gigantic dams and infrastructure that affects the flow of rivers and ecosystems. 

It concludes the need to evaluate the current conditions of hydroelectric 

projects, especially large-scale ones, to favour fair results and projections for all 

surrounding populations, stakeholders, and ecosystems involved. 
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