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ABSTRACT: This study provides a comprehensive analysis of the global potential and
installed capacity of renewable energy sources, focusing on wind energy, hydropower, and
solar thermal power. It presents estimates of wind energy potential in leading countries, such
as the United States and China, highlighting current installed capacities and investment costs.
Similarly, the manuscript details hydropower potential and capacity, emphasizing the
importance of geographical factors in different nations. For solar thermal energy, the analysis
covers potential resources, installed capacities, and specific developments in the Middle East.
Investment costs for each technology are examined, showcasing regional variations. The
study underscores the critical role of continued investment, innovation, and supportive policy
frameworks in advancing renewable energy sectors, essential for enhancing energy security
and addressing climate change. By utilizing data from reputable sources like IRENA, this
study contributes valuable insights into the state of global renewable energy.

KEYWORDS: Renewable Energy Technologies; Renewable Energy Potential; Renewable
Energy Installed Capacity.

WIND TURBINE

1.1 Wind Energy Potential

The potential for wind energy generation varies significantly across countries due to
geographic and climatic factors. According to the Global Wind Energy Council (GWEC),

leading countries with high wind energy potential include [1]:

1. United States : Approximately 10,000 GW.

2. China : Over 2,000 GW.
3. India : Approximately 1,000 GW.
4. Germany . Approximately 600 GW.

These estimates are based on modeling studies and assessments from the International

Renewable Energy Agency (IRENA) and GWEC.

1.2 Installed Capacity
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Installed capacity indicates the amount of wind energy currently harnessed. Based on the
IRENA Renewable Capacity Statistics 2021 [2], the leading countries in installed wind
capacity (in gigawatts, GW) are:

1. China : Approximately 281 GW.

2. United States : Approximately 110 GW.
3. Germany : Approximately 62 GW.
4. India : Approximately 39 GW.
5. Spain : Approximately 27 GW.

These figures provide a clear picture of how various countries are currently utilizing their
wind energy potential. For further information, refer to IRENA's annual reports [2].

1.3 Investment Costs per Kilowatt

Investment costs for wind turbine installations are influenced by local conditions,
technology, and project scale. According to the IRENA Technology Costs Report, the global
weighted average investment cost ranges from USD 1,200 to USD 2,600 per kW for onshore
wind projects, while offshore installations can cost significantly more, typically between USD
3,000 and USD 6,000 per kW [3][4].

2. WIND TURBINE
2.1 Water Potential and Installed Capacity

Hydropower potential is determined by geographical features, flow rates of rivers, and
annual rainfall. Key hydropower statistics for leading countries are as follows:

1. China [5]:

Potential: Approximately 1,300 GW.

Installed Capacity: Approximately 370 GW.

Source: National Energy Administration (NEA), China.
2. Brazil [6]:

Potential: Approximately 260 GW.

Installed Capacity: Approximately 109 GW.

Source: Brazilian Electricity Regulatory Agency (ANEEL).
3. United States [1]:

Potential: Approximately 400 GW.

Installed Capacity: Approximately 105 GW.

Source: U.S. Department of Energy.
4. Canada [7]:

Potential: Approximately 100 GW.

Installed Capacity: Approximately 81 GW.

Source: Canadian Hydropower Association (CHA).
5. India [8]:

Potential: Approximately 150 GW.

Installed Capacity: Approximately 47 GW.
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Source: Central Electricity Authority (CEA), India.

2.2 Estimation of Investment Costs per Kilowatt

Investment costs for hydropower projects vary by country and project type. Estimated
investment costs are approximately USD 1,000 to USD 5,000 per installed kW, depending on
the design and location:

1. China : USD 1,000 to USD 3,000 per kW [5]
2. Brazil : USD 1,200 to USD 3,500 per kW [6]
3. United States : USD 3,000 to USD 5,000 per kW [1].
4. Canada : USD 1,500 to USD 4,000 per kW [7].
5. India : USD 1,200 to USD 2,500 per kW [8].

3. WIND TURBINE
3.1 Solar Thermal Potential

The solar thermal potential of a country is significantly influenced by geographical and
climatic conditions. Key countries with substantial solar thermal potential include:

1. United States : Estimated potential of 2,000 GW.
2. China . Estimated potential of 1,900 GW.
3. Germany : Estimated potential of 400 GW.
4. India : Estimated potential of 150 GW.
5. Spain : Estimated potential of 200 GW.

Estimates for potential resources have been sourced from IRENA reports [2].

3.2 Installed Capacity

Installed capacity reflects the amount of solar thermal potential that has been harnessed.
According to IRENA Renewable Capacity Statistics 2021 [2], the following countries lead in
installed solar thermal capacity (in gigawatts, GW):

1. United States : Approximately 22 GW (concentrated solar power).

2. China : Approximately 160 GW (mainly in solar water heating).
3. Germany . Approximately 4GW (solar water heating).

4. India : Approximately 9 GW (solar water heating).

5. Spain . Approximately 6 GW (concentrated solar power).

These figures can also be referenced from IRENA's renewable capacity statistics [2].

3.3 Investment Costs per Kilowatt
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Investment costs for solar thermal projects vary depending on the technology and local
conditions. General estimates for investment costs are as follows:

e Concentrated Solar Power (CSP) Systems: Investment costs typically range from
USD 3,000 to USD 6,000 per kW [9].

e Solar Water Heating Systems: Costs range from approximately USD 400 to USD
1,200 per kW, depending on scale and system specifications [4].

4. SPECIALLY: SOLAR THERMAL POTENTIAL IN THE MIDDLE
EAST

The Middle East, particularly countries like Saudi Arabia, the United Arab Emirates
(UAE), and Jordan, boasts significant solar thermal resources due to abundant sunshine.
Estimated potential for solar thermal energy includes:

e Saudi Arabia: Estimated potential of over 200 GW, primarily in concentrated solar
power (CSP).

e United Arab Emirates (UAE): Potential around 150 GW, supported by major projects
such as the Mohammed bin Rashid Al Maktoum Solar Park.

e Jordan: Estimated potential of approximately 6.4 GW for solar thermal energy.

These estimates are corroborated by studies from the International Renewable Energy
Agency (IRENA) [2].

4.1 Installed Capacity in the Middle East
The Middle East has made significant strides in deploying solar thermal technologies:

e UAE: The Noor Abu Dhabi plant, with a capacity of 1.17 GW, is one of the largest
solar projects globally, integrating CSP components with thermal energy storage.

e Saudi Arabia: As part of its Vision 2030 framework, the country aims to establish
extensive solar installations, including various CSP and solar water heating projects.

e Jordan: Jordan is developing several solar thermal plants, focusing on solar water
heating to meet residential energy needs.

For detailed figures on installed capacities and project specifics, data from IRENA’s
statistics can be utilized.

4.2 Investment Costs per Kilowatt in the Middle East

Investment costs for solar thermal projects in the Middle East remain competitive due to
declining global prices and supportive government policies. CSP systems typically range from
USD 3,000 to USD 6,000 per kW, while large-scale solar water heating systems may cost
between USD 400 and USD 1,200 per kW, influenced by technology and project characteristics
[10].
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5. SUMMARY

The summaries outlined for wind energy, hydropower, and solar thermal potential, along
with their installed capacities and related investment costs, underline significant variations and
opportunities across different regions. Access to comprehensive data and reports from
organizations such as the International Renewable Energy Agency (IRENA) and credible
academic literature is essential for further understanding of these sectors.

As global initiatives to promote renewable energy intensify, continued investment,
technological advances, and effective policy frameworks will drive growth and sustainability
in these critical energy sectors. This progress will play an integral role in achieving broader
goals related to energy security and climate change mitigation.
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