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Abstract 

Geothermal energy, derived from the Earth's internal heat, represents a sustainable and low-emission energy source with the 

potential to meet both electricity and heat demands. This paper evaluates the principles of geothermal energy extraction, plant 

technologies, and their role in promoting environmental sustainability. Geothermal systems, including dry steam, flash steam, 

and binary cycle plants, offer base-load electricity generation with minimal greenhouse gas emissions. Despite high initial 

capital costs, site-specific limitations, and technical challenges such as drilling and fluid management, advances in Enhanced 

Geothermal Systems (EGS) and real-time monitoring have improved resource accessibility and operational efficiency. 

International collaboration, supportive policies, and fiscal incentives further facilitate the deployment of geothermal energy, 

highlighting its importance in achieving clean energy goals. Case studies from Iceland, the Philippines, and Indonesia 

demonstrate successful integration of geothermal resources for electricity, district heating, and industrial applications, 

emphasizing the technology’s versatility and potential for future expansion. 
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Introduction 

Over time, geothermal energy – the Earth's heat – has 
become a significant topic to consider while searching for 
sustainable energy solutions. Nowadays, the need for clean 
and trustworthy energy sources is escalating, and 
geothermal energy systems offer a distinctive way of 
generating electricity and heat using the least ecologically 
damaging methods. The objective of the essay is to describe 
the principles underlying geothermal energy production, its 
criticality for electrical energy generation, and its influence 
on sustainability goals in the modern world. At the same 
time, the comparative advantages of geothermal energy 
resources, limitations of the industry today, and potential 
areas for innovation and growth should be briefly addressed 
as well. These aspects should be combined with examples 
from practice, recent technological developments, and 
policy measures to promote the responsible use of 
geothermal energy. 
 
Utilization of Geothermal Energy 

Geothermal energy extraction systems work by drilling 
wells into the subsurface, utilizing heat exchangers and 
tapping into subsurface reservoirs. Wells are drilled into 
geologically favorable formations, where the heat extraction 
is more efficient, such as along tectonic plate boundaries 
and volcanic regions. The heat extraction systems bring the 

hot water or steam to surface to power turbines for 
electricity or direct heat applications (Anderson & Rezaie, 
2019) [4]. Progress in materials science and drilling have 
contributed to the efficiency of extraction and allow 
geothermal projects to expand beyond traditional areas 
(Akhigbe, 2025) [3]. Enhanced geothermal systems are now 
being developed that stimulate the geological heat extraction 
process by injecting fluids into dry rock formations. These 
developments are further making this resource more 
accessible and efficient, especially in non-traditional 
applications. Table 1 summarizes the main types of 
geothermal power plants, highlighting the technological 
principles, efficiency ranges, advantages, and limitations of 
each. Dry steam plants directly use steam from vapor-
dominated reservoirs to drive turbines, offering simplicity 
and reliability but are limited to specific geological 
conditions. Flash steam plants convert high-pressure hot 
water into steam, suitable for high-temperature reservoirs 
but requiring specific subsurface conditions. Binary cycle 
plants transfer heat to a secondary fluid, allowing electricity 
generation from moderate-temperature resources; they are 
efficient and flexible but involve higher capital and 
operational complexity. Collectively, these plant types 
demonstrate how geothermal technology adapts to varying 
geological settings while providing sustainable energy 
solutions. 

 
Table 1: Geothermal Energy Plant Types and Features 

 

Plant Type Technology Principle Main Product Efficiency Advantages Limitations 

Dry Steam 
Steam directly from 

reservoir drives turbine 
Electricity 15–20% Simple, direct conversion, reliable 

Limited to vapor-dominated 
reservoirs 

Flash Steam 
High-pressure hot water 

flashes to steam 
Electricity 20–25% 

Can use high-temperature liquid 
reservoirs 

Requires specific geological 
conditions 

Binary Cycle 
Heat transferred to 

secondary fluid 
Electricity 10–15% 

Works with moderate 
temperatures, efficient 

More complex, higher capital 
cost 
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Moreover, it was noted that geothermal power plants are 

also subdivided into the main plant types according to the 

technology for extraction of the Earth's heat, which are 

represented in dry steam, flash steam, and binary cycle 

facilities. The dry steam type of power plants employs 

geothermal reservoirs that release steam to natural 

instability, where steam extracted from them drives the 

turbines of the power plant. This type is determined by 

specific geological conditions, where vapor pressure can be 

maintained at some site. In contrast, the flash steam 

geothermal power plants bring high-pressure hot water to 

the surface, where low pressure of the fluid allows rapid 

conversion of a portion of the fluid into the vapor - steam, 

expanded, and drives the turbines. In the binary cycle plant, 

the geothermal power fluid heating circuit is transferred to 

the secondary working fluid, where the boiling point is 

lower than the geothermal fluid's circulating temperature, 

and allows high-performance electricity generation with 

water and cooling rates that are not too high (Hafner & 

Luciani, 2022) [8]. Systems demonstrate varying degrees of 

efficiency and flexibility in operation, providing for 

exploitation of geothermal energy in various geological 

structures and confirming the versatility of the technology. 

When it comes to sustainability, geothermal energy offers 

environmental impacts that significantly differ from fossil 

fuel-based systems, specifically around emissions and land 

use. Geothermal plants emit low quantities of gases into 

atmosphere, including nitrogen oxides, which are either no 

significant or null as compared to that emitted by pollutant 

industries, such as coal or natural gas facilities (Bošnjaković 

et al., 2019) [6]. Also, the geothermal project needs smaller 

surface area when compared to large extractive fossil fuel 

industry projects, again, lowering the corresponding impacts 

on natural habitats and ecosystems. Life Cycle Analysis has 

also indicated that geothermal has low overall 

environmental load, which makes it even more attractive as 

an alternative for cleaner heating and electricity generation 

(Ouerghi et al., 2024) [10]. By comparison, relatively lower 

ecological footprint of geothermal energy makes it a 

suitable candidate in the global push towards sustainable 

and environment-friendly alternatives. 

All these factors make geothermal energy a viable 

technology for promoting environmental safety and 

sustainable development goals for controlling greenhouse 

gases. Geothermal systems emit far less greenhouse gases 

than conventional thermoelectric generation with fossil fuels 

and gases, so the impact on air quality, and hence the 

contribution to reducing anthropogenic climate change, is 

significantly reduced as well (Bošnjaković et al., 2019) [6]. 

This means that even during the life cycle of geothermal 

power plants, the impact on the atmosphere of sulfur 

compounds, suspended particles and other emissions can 

always be kept even at low levels but under control. All 

greenhouse gases are a part of controlling the impact of the 

plant, so even when design gas measures are known, they 

can be mitigated to match local requirements (Bošnjaković 

et al., 2019) [6]. The greenhouse gas emissions can be 

efficiently kept under control during the life cycle of 

geothermal systems, resulting in greater use of geothermal 

facilities to reduce pollutants and greenhouse gases. This is 

important for achieving both national and international 

ambitions and targets related to clean energy supply and 

environmental safety. 

Role in Power Generation 

Geothermal energy has become an important part of the 

global electricity supply, as more and more countries with 

hydrothermal power plants to exploit this energy. The 

United States, the Philippines, and Iceland are the three 

main providers of geothermal power, with each country 

boasting an installed capacity in the thousands of 

megawatts, supplying a key share of electrical needs (Xia & 

Zhang, 2019) [14]. In the late 2010s, the total capacity of 

geothermal power generation around the world already 

exceeded 13 gigawatts, as newer plants are also found in 

developing countries looking for stable and renewable 

energy supplies. (Anderson & Rezaie, 2019) [4]. For 

example, the main beneficiaries of geothermal power are 

Icelandic plants supplying base-load electricity and district 

heating plants. Other developing nations have also 

integrated geothermal supply into their energy mix, as part 

of working towards achieving their sustainable development 

goals (Anderson & Rezaie, 2019) [4]. Assessing resource 

availability, technology use, and market success can provide 

insights into not just what is being done right today within 

the geothermal industry, but also what will determine the 

way forward in global adoption tomorrow (Xia & Zhang, 

2019) [14]. 

The Hellisheiði geothermal plant in Iceland is an example of 

how combined heat and power production can leverage 

hydrothermal resources. The Hellisheiði is one of the largest 

geothermal plants using this technology delivering power 

and district heating to the capital area and registering very 

low carbon intensity of 15-24 grams CO2-equivalent per 

kilowatt-hour (Paulillo et al., 2019) [12]. The case 

demonstrates the production potential of double flash 

technology further emphasizing that geothermal plants can 

compete with other renewable plants in terms of 

environmental suitability. Hellisheiði life cycle analysis 

reveals that challenges still exist, such as the use of diesel 

for drilling and several tons of steel for well casing and 

construction but performance indicators can still be 

compared to those of solar or hydro plants in terms of 

overall emissions (Paulillo et al., 2019) [12]. Other countries, 

such as the Philippines, have also increased their geothermal 

capacities strategically. Here, resource availability 

combined with innovation and a coordinated policy 

approach allowed the country to make a significant 

contribution to the electricity demand from geothermal 

clean energy.  

Moreover, geothermal energy has the potential of providing 

more direct heat applications, as well as agricultural uses in 

industrial and residential settings to achieve community 

benefits. For example, district heating systems that take 

advantage geothermal resources can supply hot water to 

residential and commercial buildings via insulated pipelines, 

helping mitigate fossil fuel reliance and enhancing energy 

resilience in urban areas (Anderson & Rezaie, 2019) [4]. In 

agriculture, geothermal heat has shown promising results by 

integrating greenhouses into existing infrastructure, yielding 

improved food security through simultaneous crop 

cultivation in off-seasons (Anderson & Rezaie, 2019) [4]. 

Furthermore, moderate-temperature geothermal heat is 

available throughout the day or across multiple days, 

allowing industrial processes such as crop drying or 

ensuring the quality and freshness of dairy products to 

further improve efficiency while helping slice off substantial 

operating costs (Anderson & Rezaie, 2019) [4]. Such 



International Journal of Advanced Science and Research  www.allsciencejournal.com 

27 

applications demonstrate how geothermal technology can 

further expand its capabilities and lend itself to sustainable 

practices beyond energy production, expanding its 

contributions toward renewable energy-related efforts across 

various industries and on local and global scales 

(Aghahosseini & Breyer, 2020) [2]. 

 

Advantages of Geothermal Energy 

Geothermal energy stands out among the renewable energy 

alternatives in a number of aspects that make it a critical 

element of today’s energy infrastructure. Geothermal power 

plants are inherently capable of providing uninterrupted, 

base-load electricity generation all year round, making them 

reliable sources of energy regardless of whether it is sunny 

or windy. Unlike solar and wind energy facilities, 

geothermal plants do not rely on meteorological conditions. 

They are also generally more economical to operate after 

construction, mainly because geothermal facilities do not 

incur high costs with fuels or transporting energy to the 

point of consumption (Hafner & Luciani, 2022) [8]. 

Geothermal supply is stable and its resource base secure, as 

it will be available in relatively lower prices and without 

geopolitical threats. The wells and reservoirs constructed 

can last for multiple decades with occasional maintenance. 

Thus, supply stability and cost predictions combined with a 

lack of dependence on particular weather patterns make 

geothermal energy an attractive replacement for countries 

where renewable alternatives are not as cost-effective in 

producing electricity (Hafner & Luciani, 2022) [8]. 

 
Table 2: Global Geothermal Deployment and Applications 

 

Country/Region Installed Capacity (MW) Key Application Environmental Impact Notable Example/Project 

Iceland 700–800 Electricity & District Heating Very low CO2 emissions Hellisheiði Geothermal Plant 

Philippines 1,900 Electricity Moderate emissions Leyte Geothermal Complex 

Indonesia 2,130 Electricity & Industrial Use Low emissions, local water use 
Dieng & Sarulla Geothermal 

Projects 

United States 3,800 Electricity Low emissions The Geysers Geothermal Field 

 

Table 2 provides an overview of global geothermal 

deployment, showing how countries leverage geothermal 

resources for electricity, heating, and industrial applications. 

Iceland, with the Hellisheiði plant, utilizes combined heat 

and power to supply both electricity and district heating, 

maintaining extremely low carbon emissions. The 

Philippines and Indonesia use geothermal energy mainly for 

electricity generation, with Indonesia also applying heat for 

industrial processes. The United States leads in installed 

capacity, primarily for electricity production. Across these 

examples, geothermal deployment results in relatively low 

environmental impacts, supporting climate goals while 

enhancing energy security and resilience. Together, the 

tables illustrate both the technological versatility and the 

global importance of geothermal energy in sustainable 

power systems. In addition, geothermal energy plays an 

immediate role in energy security by offering a homegrown, 

base-load energy supply that shields users from the 

volatility of global fuel pricing. Tapping in to locally 

available geothermal resources allows areas to decrease 

their use of imported fossil fuels, which both increases their 

exposure to supply shocks as well as fluctuations in global 

markets (Anderson & Rezaie, 2019) [4]. The lowering of 

exposure to foreign energy leveraged against domestic hot 

energy resources allows for more predictable long-term 

planning, as base-load availability and geothermal 

predictability ensures reliable availability for both the grid 

and investments in the future. When countries adopt a 

national strategy to increase and develop the indigenous 

geothermal resources, the instability generated by 

geopolitical threats to energy systems reliant on imports is 

avoided, encouraging a more independent energy approach 

to energy needs. As such, geothermal energy provides not 

only for reliability of operations-centered energy generation 

but also continues to underpin the resilience and 

independence of local and even national electricity systems 

(Anderson & Rezaie, 2019) [4]. 

Moreover, the comparatively long operational lifetime of 

geothermal plants makes them so-called long-term power 

providers and is another characteristic that supports the role 

of geothermal energy in ensuring high energy security of 

supply. For example, many geothermal plants (e.g. the 

Hellisheiði plant in Iceland) can operate for decades with 

only intermittent upgrades and maintenance required to keep 

the desired production levels (Paulillo et al., 2019) [12]. This 

is due to the stability of geothermal resources and the 

quality of materials for wells and plant facilities. In addition, 

the heat from beneath the Earth’s surface is a persistent 

power source, allowing geothermal plants to generate 

electricity continuously, unaffected by climate- or time-

related changes. The promised of stable and long-term 

production periods for these plants is a significant 

contributor to energy security and a low-carbon transition 

(Paulillo et al., 2019) [12]. 

 
Challenges of Geothermal Energy 

Concisely, geothermal energy has potential benefits, but it 

encounters various challenges during its development, 

which could impact its market penetration and growth. The 

first common challenge revolves around capital costs. The 

initial investments costs for exploration, drilling, and 

construction of supporting infrastructure could be one of the 

major barriers in utilizing geothermal energy, especially in 

developing markets with limited possibilities for financial 

access and risk management (Pan et al., 2019) [11]. Another 

challenge centers on the nature of geothermal energy, where 

it is site-specific. As the resource availability and reservoir 

accessibility are critical in geothermal development, its 

deployment could be limited to certain areas where suitable 

geological conditions exist (Pan et al., 2019) [11]. This nature 

could also lead to concentrated development, which could 

be due to either land accessibility or resource availability to 

meet local demands. Plants could also operate locally and 

geographically for heat, as indicated by the limited supply 

of produced energy. Furthermore, regulatory uncertainty 

and lack of institutional framework cohesiveness could 

potentially push back project timelines. This problem was 

evident in the administrative challenges in Taiwan’s 

Chingshui geothermal field (Pan et al., 2019) [11]. 
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When it comes to the technical challenges, drilling 

technologies and fluid management practices constitute two 

core feasibility and performance parameters. High-

temperature reservoirs are located deep underground, 

making drilling a necessitated step which is economically 

and operationally affected by geological complexity. Failure 

to timely draw half temperature fluids under controlled 

conditions in a pumped reservoir, results in pressure loss, 

reduced efficiency, accelerates collapse or premature shut 

down. Dynamic management of the geothermal fluid 

parameters (pressure, flow and chemical) is vital to the 

safety and productivity (service life) of the system. In this 

respect, advanced control strategies for geothermal plants 

have been developed in recent studies, including exergy 

based PID (Proportional Integral Derivative) control (Çetin 

et al., 2021) [7]. Real time monitoring and automated 

adjustment of the critical operational parameters supports 

the efficient and performance-oriented operation of a 

geothermal power plant (Çetin et al., 2021) [7]. The 

integration of these technical solutions has been 

implemented in the Turkish Sinem geothermal power plant 

and resulted in exergy efficiency and output (Çetin et al., 

2021) [7]. Such technical interventions may completely 

transform the plant's engineering challenges into feasible 

layers. 

It is necessary to introduce a separate discussion of the 

environmental issues related to geothermal energy 

development as they are not always directly related to the 

broad categories of adverse effects mentioned earlier, 

particularly those of a socio-political nature. The most 

prominent issues that warrant further analysis are those 

related to induce seismicity and specific water use 

characteristics. Geothermal deployment, especially the 

extraction of geothermal energy using the technology of 

deep drilling and wellbore fluid injection into the 

geothermal reservoir, has been shown to cause enhanced 

seismicity if the deep subsurface pressure conditions are not 

handled carefully (Bošnjaković et al., 2019) [6]. In addition 

to this physical effect, the process of extracting geothermal 

reservoir fluid and reinjecting it into productive geothermal 

instances can impact local groundwater systems by causing 

temperature and chemical shifts that might require 

monitoring for possible side effects on surface and 

underground water quality (Bošnjaković et al., 2019) [6]. The 

water use characteristics of geothermal plants are highly 

technology-dependent with closed-loop systems being 

virtually independent of the external water demands while 

some open-loop variations of the technology can cause 

large-scale groundwater withdrawals from local aquifers 

(Ouerghi et al., 2024) [10]. These consequences mean that 

even in the absence of apparent adverse effects on human-

environment interactions, geothermal development deserves 

thorough environmental concern studies and impact 

assessments to ensure compatibility with other sustainability 

and natural resource conservation goals. 

 

Potential for Future Development 

Looking forward, long-term opportunities for wide-ranging 

geothermal development will depend on the combined 

effects of deeper technological advancements and 

intensifying efforts worldwide to explore new underlying 

resources. Here, Enhanced Geothermal Systems (EGS) 

stand out with a recent study’s analyses estimating that the 

world could realize a world-size sustainable EGS potential 

of 256 GWe by 2050, contributing significantly to global 

electricity output (Aghahosseini & Breyer, 2020) [2]. Also, 

the same study visits cost scenarios estimate that industrial-

scale EGS could deliver up to 4600 GWe capacity at 

competitive, equalized cost due to a below 50 €/MWh 

falling pricing scenario over an optimized drilling and 

resource management learning curve (Aghahosseini & 

Breyer, 2020) [2]. New exploration techniques and spatial 

high-resolution data now also allow for more effective and 

targeted drilling actions at previously unreachable depths 

and temperature zones, further extending the realistic 

geography of geothermal undertaking. As the innovation 

path continues, the attractive economic feasibility and the 

yet underutilized base of a worldwide geothermal resource 

warrant an increasing future footprint of geothermal energy 

within the sustainable power systems of tomorrow. 

One of the most recent developments which indicate high 

potential of technology breakthroughs in this area is the 

emergence of enhanced geothermal systems (EGS). This 

approach allows engineering the conditions for energy 

retrieval from rock sites which by definition cannot be used 

as the original geothermal resources due to the absence of 

direct hydrothermal manifestations. EGS involves pairs of 

injection and production wells, where fluids are circulated in 

order to create a network of fractures and enhance the heat 

transfer to the system (Pan et al., 2019) [11]. The recent 

developments in the EGS design techniques and monitoring 

systems have considerably increased the resource recovery 

factor and improved the safety of the operations (Pan et al., 

2019) [11]. Also, the integration of real-time subsurface 

imaging and data-driven resource management solutions 

allows for the detailed control to be exercised over the 

energy extraction operations, promoting the reduction of 

exploration uncertainties and associated operational 

expenses. In this way, the advancements in EGS 

technologies show a promise for facilitating the wider 

deployment of geothermal projects across different 

geological and tectonic settings, expanding the applicability 

of geothermal power as a sustainable energy solution (Pan et 

al., 2019) [11]. 

Moreover, the diversification of geothermal energy into the 

unexploited areas and developing markets is a double-edged 

sword that requires evaluation. Chiefly, the geological 

elements such as the crustal heat flow and the presence of 

permeable fault systems determine the feasibility of a 

resource in unexploited areas (Jolie, Brass, Mancini, & 

Weller, 2021) [9]. Many underutilized geothermal resources 

fall short due to the scarcity of geological data. Therefore, 

exploring a location and assessing its risks are imperative 

before seeking to implement these projects. The 

development in computation modeling has eased the data 

integration process and earlier discoveries of successful 

sites. The process helps to direct investment in locations 

with the highest probability of success (Jolie et al., 2021) [9]. 

With time and emerging technologies, such as the 

engineered geothermal system and an alternative focus on 

offshore resources, the understanding of the geology of a 

region will be key in opening future geothermal projects 

from nontraditional sites. 

 

Policies and Initiatives 

Thus, investment requirements and economic risks to 

private enterprises can be systematically addressed through 

policy frameworks, programmatic initiatives, and other 



International Journal of Advanced Science and Research  www.allsciencejournal.com 

29 

measures to effectively expedite the development of 

geothermal resources. One of the most critical measures in 

this regard has been the implementation of tax incentives, 

which can be understood as government grants that would 

provide a more attractive avenue for private sector 

participation in the geothermal industry. Comparative 

analyses in the ASEAN context, for example, identified that 

tailored tax incentive programs have been critical in 

encouraging both domestic and international investors to 

commit to the geothermal industry, effectively maximizing 

capital deployment and infrastructure development (Abidin 

et al., 2020) [1]. Such policies are commonly comprised of 

income tax reductions, equipment import duty exemptions, 

and accelerated depreciation allowances, which directly 

reduce project implementation costs and payback periods 

for the developers. By leveraging fiscal instruments 

alongside the possibility for sustained multilateral 

partnerships and international funding arrangements, such as 

joint research initiatives and technology transfer 

agreements, governments can continue to safeguard the 

long-term growth of geothermal resource development in 

conjunction with their renewable energy goals (Abidin et 

al., 2020) [1]. 

An encouraging case of Indonesia demonstrates how 

conducive policy actions can flatter the geothermal sectoral 

development through combination of fiscal incentives along 

with enabling regulation. The government of Indonesia is 

promoting fiscal policy actions contributing to geothermal 

projects through maximizing state revenues, expenditures 

and financing in national budget to mitigate investment 

uncertainties and encourage both domestic and foreign 

investors to participate in geothermal development (Aziz, 

2021) [5]. Tax holidays and imports duty waiver among 

others, financing instruments extended by the government 

have collectively diminished the initial capital investment 

threshold and widen the participation of private sector. 

Moreover, clear commitment of the government policies in 

Indonesia shows how government expenditures on 

renewables deployment is synchronized with the long-term 

energy plans in the country with geothermal energy 

development remains as a priority. The interventions of such 

nature as outlined based on comparative perspective 

supported the growth and development of geothermal 

capacity expansion in Indonesia made a stronger player in 

the global market of renewable energy – a case highlighting 

the change and difference adduced by a well thought public 

policy (Aziz, 2021) [5]. 

Lastly, international cooperation and collaboration in 

geothermal exploration and energy generation are becoming 

increasingly important in the context of technological 

bottlenecks to geothermal energy's widespread deployment 

and increased utilization (Wang et al., 2020) [13]. In the case 

of China, cooperative research between governments, 

research institutions, and industry players worldwide can 

help accelerate technological advancement through the 

sharing of resources, experiences, and information. 

Involvement of China in international organizations, 

statements, and forums promoting geothermal energy 

development will allow for technology transfer particularly 

in the areas of drilling, reservoir management, and policy 

development (Wang et al., 2020) [13]. Global cooperation in 

the field of geothermal energy exploration will also allow 

China and other countries to gain access to advanced 

regulatory frameworks and technologies to promote 

adaptation of best practices, albeit subject to local 

conditions. Collaboration between nations would provide an 

avenue to facilitate resolution of technological bottlenecks 

in geothermal energy development through cooperation and 

collaboration; while the development of unified standards 

with the help of participatory engagements from all 

countries will promote efficient, more environmentally-

friendly, and accelerated development of geothermal energy 

projects all over the world (Wang et al., 2020) [13]. 

Additionally, global organizations can become active 

promoters of geothermal energy inclusion in wide-ranging 

sustainable energy plans. For this purpose, such 

organizations could develop initiatives that define broader 

agendas and support international policy dialogue, both 

situated at the government level to ensure their local 

adaptation and implementation. Organizations such as the 

International Renewable Energy Agency (IRENA) and the 

International Energy Agency (IEA) can play a significant 

role by sharing their best practices, providing technical 

guidelines, assisting in the establishment of frameworks for 

overcoming existing regulatory, financial, and technological 

barriers ((Wang et al., 2020) [13]. With this approach, global 

organizations will be involved in raising awareness about 

the need to broaden the diversification of energy systems 

and operate with inequalities concerning resource 

availability and market maturity (Wang et al., 2020) [13]. 

Such actions will enable multi-level collaboration and 

ensure the rapid diffusion of geothermal technology in the 

modern context combined with its firm foundation in 

sustainable development programs and policies that have 

been promised for the future (Wang et al., 2020) [13]. 

 

Conclusion 

Based on the evaluation of the geothermal energy’s 

application, this paper has established its significance in 

overcoming major challenges through technological 

evolution and policy support. The geothermal system 

reliability and baseload characteristics underscore its 

importance for many regions in their low-emission 

electricity generation options that offer sustained resilience. 

Integration of enhanced geothermal systems, along with 

international partnerships, has extended geothermal 

technology into new applications and markets. While the 

issues related to resources and technical challenges still 

persist, further research and policy support are expectant to 

foster progress in future deployments. Geothermal energy 

will significantly influence the emerging sustainable, 

resilient, and economically sound energy framework for 

future generations as the global community continues to 

prioritize decarbonization efforts. 
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