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ABSTRACT  

A significant, comprehensive, and systematic enhancement has been noticed worldwide in Geothermal energy . Even after plenty of 

managerial obstacles and technical challenges preventing proper execution of environmental concerns and associated social aspects 

consolidated impact has been incorporated in methods of geothermal energy utilization. This under exploited source of energy has 

vast potential, which can undoubtedly provide sustainable development and growth. The need of an increased supply of energy 

worldwide is unquestionable. Due to the present scenario of geothermal energy, there has been a pressing need for regulatory 

changes in enhancing logistic progress. As for environmental concerns, geothermal energy vastly contributes to global warming 

mitigation resulting in no hydrocarbon compounds extraction, and the development in the diversification of geothermal energy 

resources constitutes a vast field of research and development interpretations. The social parameters of spatially and temporal 

distributions range of applications of geothermal energy has grown constantly. There has been a meaningful comparison of usage of 

direct utilization of geothermal energy worldwide. This paper provides a comprehensive description of the effect of geothermal 

energy development socially, as well as, in  the aspect of environmental broadening. There has been wide-reaching environmental 

monitoring and social mitigation measures, and geothermal energy has developed, breaking the barriers of the inability of 

technological transfers and destitute management of resources.  

1. INTRODUCTION  

Analyzing context of essential progression in the field of geothermal energy development is significantly dominating mainstream 

strategy of inclusive growth (Yadav and Sircar, 2020). Over several decades the environmental aspects of geothermal energy have 

witnessed numerous crests and troughs of geothermal energy insecurities, especially from global perspective forces, coupled with 

national and international environmental concerns for hybrid projects of geothermal energy resources. Considering abysmally poor 

per capita consumption and limited indigenous sources for energy generation. Globally, the world has committed huge quantum 

sustainable development of utilization of various new generation from geothermal energy (Prajapati et al.,2021). There is still  

necessity to put forward reasonable measures to improve the energy utilization rate and effectively utilize energy-saving 

technologies, of energy and power engineering, so as to promote the sustainable development of market economy in the future for 

geothermal development. Geothermal energy, being a pioneer of one of the most beneficial and salient elements of sustainable 

energy, has anomalous resistive characteristics (Shah et al., 2020). The exploitation and instability factors of these geothermal 

energies are often caused by changes in environmental aspects, apart from typical near field problems of well bore stability, the 

change can even result in much larger impacts like triggering earthquakes and inducing seismicity (Srivastav, 2021; Shah et al., 

2019).  

1.1 Environmental Facet 

At present, environmental aspects are receiving a tremendous amount of attention with the shift in attitude towards World’s natural 

awareness. Thus, providing an awareness of the effect of geothermal energy development. The relative stability of the effect on the 

environmental aspects of geothermal energy is getting growing appreciation of the need for efficient and wise use of all natural 

resources. A comprehensive analysis on geothermal energy sources and their applications in potentially attracting different 

countries to consider composition and decomposition, and direct and indirect usage, of more abundant renewable energy resources 

with availability throughout the world.  

Now further understanding and analyzing the main environmental aspects of geothermal energy development and how it is applied 

in experiencing the environmental impact assessment process. 

Geothermal resources are generally discovered under certain land features such as geysers, hot springs, mud pools, streaming 

ground, sinter, fumaroles and travertine. Through the evolution of geothermal development, developers are increasingly getting 

aware of best management practices that reduce surface feature impacts and thus employed preventative mitigation measures to 

reduce potential impact to the surface.  

2. GEOTHERMAL ENERGY UTILIZATION 

Geothermal energy is utilized in two forms, namely, direct utilization and electricity production. Many steps have been taken to 

integrate large renewable power to industries. Geothermal energy development and advancement the world has played an important 

role for future energy requirement in both rural and urban area such that development it and merits of geothermal energy 

application has been carried out taking in consideration requirement of Sustainable energy development which are increasing 

rapidly in the world. 

2.1 Direct Utilization 

The most common and oldest method of utilizing geothermal energy is direct geothermal utilization, which is performed by 

extracting the heat gained from the Earth. There has been conventionally available highest geothermal utilization followed by 

bathing and swimming which has been used in most countries for decades. Also, there has been utilization for agriculture drying 
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which has effectively promised great utilization scenarios that help in decreasing cost, and energy intensity, of numerous drawing 

processes in a sustainable and clean way (Shah et al., 2019; Yadav et al., 2020) 

Some most common application of direct geothermal energy utilization environmental aspects are – 

1. Greenhouse heating 

2. Agriculture drying  

3. Bathing and swimming  

4. Cooling and snow melting  

5. Power generation  

6. Industrial process heating  

7. Process heating  

8. Space and district heating  

9. Aqua cultural heating 

10. Geothermal heat pumps 

Generally, all direct use applications make use of low temperature geothermal resources, ranging from between 50° to 150° C. 

Binary cycle plants use heat from the hot water to boil a working fluid which is vaporized in a heat exchanger in order to turn a 

turbine. Typically, a direct use system is composed of three major components- 

 A production facility  

 A mechanical system 

 A disposal system  

2.2 Electricity Production  

In modern times, wells are drilled into a geothermal reservoir to provide a steady stream of hot water. Water is brought up through 

the well, and using certain pumps, pipes, heat exchanger, and different controllers so it can deliver the heat directly for its intended 

use. Growing usage of low temperature geothermal resources and direct has been seen where direct heating system distribution is 

done with the help of a series of pipes linking to numerous individual buildings and houses. 

Geothermal energy is heat that is stored inside the earth's crust. It can be found in shallow grounds, as well as in extremely hot 

molten rocks, namely magma. In current scenarios, the implementation of geothermal power plants has become a largely 

widespread project throughout the world, especially in countries such as China, France, Canada, New Zealand, Mexico, 

Philippines, Italy, Bolivia, Australia, Austria, and Thailand. Thus, geothermal power plant installations around the world have been 

seen lately. The geothermal power plants use steam to produce electricity. The steam comes from a reservoir of hot water found 

below earth's surface. The significant location where generation of high or medium temperature resources are needed, is generally 

located close to tectonically active regions. For example, Colombia is located on the Pacific Ring of Fire, which have been 

benefited with favorable natural gradient of temperature of subsoil near the surface of earth. Thus, generally thermally active areas 

in the crust of the earth are used to produce geothermal generated electricity, often approximately 1.6 kilometers deep or further has 

to be drilled in order to derive steam, and very hot water to derive turbines linked to electricity generators. We know that 

geothermal energy is a renewable resource, it provides a prospective to future participation of geothermal power all around the 

world's electricity supply. The development of the country's geothermal resources base must be vigorously promoted by modifying 

the basic framework, facilitating risk coverage, technical development, and accelerating the growth, scientific knowledge, and 

development of a county's geothermal electric grid. 

Below, are all countries currently generating electricity from geothermal energy indicated in green (Figure 1). 

Geothermal energy plays a very important role being a renewable resource of energy , as it is extracted without burning a fossil fuel 

such as oil, gas, coal etc. Binary plants release essentially no emissions. Unlike solar and wind energy, geothermal energy is 

available 365 days a year. 

3. IMPACTS ON WILDLIFE AND VEGETATION 

Geothermal energy utilization is designed to minimize the potential effect upon wildlife and vegetation. Thus, in geothermal plants 

pipes are insulated to prevent thermal losses, also power plants are sent in order to prevent wildlife access. To successfully compete 

with the multitude of energy sources available, geothermal energy must be available, and retrievable, in a convenient and 

economical manner. Thus, geothermal plants avoid much of the additional disruption caused by mining coal and the building of 

roads to transport it. 

In order to minimize impacts caused by geothermal development activities, there has been an establishment of animal migration 

routes, protected plants, tourist circuits and wildlife species. 
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Geothermal energy resources are much more environmental friendly than conventional fuel sources, such as coal and other fossil 

fuels. The carbon footprints of geothermal power plants are also relatively low (Shah et al., 2019c; Shah et al., 2018b) 

 

Figure 1 World Geothermal Electricity Generation Map 

The major environmental benefits provided by geothermal energy which supports a vast power generation are stated below.  

 Geothermal energy resources are reliable.  

 It can offset other environmental impacts. 

 Geothermal energy is renewable.  

 It minimally impacts land. 

 Geothermal energy is competitive with other energy technologies when environmental costs are considered.  

 Geothermal energy production gives minimal air emission. 

 They offset the high air emissions of fossil fuel fires power plants.  

There are two types of system, closed loop system and open loop system and closed loop system the ground temperature around the 

vertical boreholes is slightly increased or decreased does the direction of the temperature change is governed by weather and the 

system is dominated by heating. The ground temperature can be made stable by balancing heating and cooling loads. Likewise open 

loop systems use underground or Lake Water for little effect on temperature especially in regions characterized by high 

groundwater flows (Shah et al., 2018a; Shah et al., 2019a; Shah et al., 2019b). 

4. SOCIAL AND ECONOMIC EFFECTS 

Geothermal energy for power generation in developing countries is resulting in an improved quality of life through better 

illumination, better air quality, and improved access to information and telecommunication. Geothermal energy is a means to 

development. For example, in most African countries, the local communities geothermal contributes 11% of the total, for an 

installed capacity of 1218 MWe. The low marginal cost of the fuel source may mean that off peak capacity of geothermal power 

plant. There has been a rapid evolution in exploration into geothermal energy involving new technologies. As geothermal energy is 

a natural occurring resource there is no fuel requirement. 

Apart from environmental benefits associated with geothermal energy plants, like the action of carbon emission and environmental 

pollution, there are a number of direct economic benefits as well, such as geothermal energy plants operating on vast public lands 

and generating a huge revenue for state, municipal and federal governments. It also generates beneficial employment for a vast, 

diverse, workforce from conception to completion. Geothermal energy plants occupy very little land area compared to other sources 

of energy. Thus, adherence of geothermal practices to globally accepted environmental and social safeguards, which make 

geothermal a preferred energy option, both socially and economically, in the coming future. 
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5. CONCLUSION 

Environmental, economic ,and social development are the independent principles of true sustainable development. The 

development of geothermal energy does not cause adverse impact to the environment compared to other conventional energy 

sources. Data compiled from a variety of sources point that geothermal energy is an environmentally friendly option for new power 

and heat generation throughout the world, and it is considered far better than other energy sources such as fossil fuels. In the near 

future geothermal energy production will be refined and expand, with growing benefits and technological development. Ultimately, 

the need is to balance between development that is brought by the energy resource and conservation of the environment. 

Geothermal binary power plants built around the world have minimal emission of particles and almost zero emissions. In the future, 

societal improvements and real time environmental factors will be obtained for geothermal energy development resources. 
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