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ABSTRACT 

Today, energy crises and climate change have steered the world toward the use of 
clean and renewable energy sources. Renewable energy technologies not only meet 
the energy needs of societies but also play a crucial role in ensuring energy security 
and achieving sustainable economic growth. This paper presents a comprehensive 
examination of the impact of renewable technologies on energy security and 
economic development. It introduces various technologies and analyzes the 
challenges and opportunities along the way. The findings suggest that strategic 
support for these technologies can lead to a fundamental transformation in the 
energy system and promote economic growth at both national and global levels. 

Keywords: Renewable energy, energy security, sustainable economic growth, 
sustainable development 

Introduction 

Energy security, defined as the reliable and consistent 
access to energy resources, is directly linked to a 
country’s economic growth. In other words, the 
provision of sustainable and reliable energy is one of the 
most critical requirements for economic development. 
In recent years, energy security has been increasingly 
threatened due to rising global energy demand. 
According to the International Energy Agency (IEA), 
global energy demand is projected to rise by 30% by 
2040, mainly due to population growth and increasing 
per capita energy consumption. Moreover, energy 
demand is often associated with wealth and social 
welfare, making its availability essential for energy 
security. However, increasing energy production 
through conventional methods leads to dependence on 
fossil fuels, which brings numerous challenges. These 
include the depletion of fossil fuel reserves, 
environmental damage, and geopolitical dependency on 
these resources. Among these, environmental concerns 
have become a serious issue for activists. Studies show 
that fossil fuels are the primary source of greenhouse gas 
emissions, intensifying global warming. According to the 

IPCC, approximately 89% of global CO₂ emissions 
originate from fossil fuel consumption. 

Recently, renewable energy has gained significant 
attention as a clean and accessible source capable of 
addressing these challenges. Renewable energy sources 
offer a solution to rising energy demands without 
exacerbating environmental issues. Not only are these 
sources clean and virtually limitless, but they also hold 
the potential to ensure energy security and promote 
sustainable economic growth. Thus, investment in 
renewable energy technologies is vital. The widespread 
investments made in renewable energy over the past two 
decades, especially in the European Union and China, 
reflect shifting global energy patterns and have yielded 
positive outcomes in both energy security and economic 
aspects. 
Historical energy crises have shown that countries highly 
dependent on imported energy are more vulnerable to 
price shocks and supply disruptions. With climate 
change intensifying and global commitments like the 
Paris Agreement increasing, investment in clean energy 
has become a global priority. Renewable technologies 
promise a safe and sustainable future in energy. 
In this context, studies have been conducted to examine 
the role of renewable energy technologies in energy 
security and sustainable economic growth, enabling 
governments and corporations to make informed 
investments in this field. Recent studies have explored 

1,2 Iran University of Science and 
Technology: Tehran, Tehran 
 

*Corresponding Author: 
 

 

      falavi@gmail.com   
 

 

Received: 05 September, 2024       

Revised:       11 October, 2024       
Accepted: 25 November, 2024     
Published: 10 December, 2024   

Review Article 

 SJAMAO, 2024; 6(4): 1-5 

 DOI 10.47176/sjamao.6.4.1   

 SRPH 

 [
 D

O
I:

 1
0.

47
17

6/
sj

am
ao

.6
.4

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 s
ja

m
ao

.s
rp

ub
.o

rg
 o

n 
20

26
-0

8-
28

 ]
 

                               1 / 5

http://dx.doi.org/10.47176/sjamao.6.4.1
https://crossmark.crossref.org/dialog/?doi=10.47176/sjamao.6.4.1
http://dx.doi.org/10.47176/sjamao.6.4.1
https://sjamao.srpub.org/article-7-287-en.html


Farhad Farahani Alavi and Mohammad Reza Farahani Alavi 

Page | 2  

 

the multifaceted role of renewable energy technologies 
in ensuring energy security and promoting sustainable 
economic development. For instance [1], examines 
advancements in renewable technologies and their 
potential in transitioning towards a secure and 
sustainable energy future, highlighting economic 
benefits such as job creation and reduced fossil fuel 
dependency. Similarly, [2] emphasize how renewables 
contribute to supply security by decreasing reliance on 
foreign energy sources, while also supporting long-term 
economic sustainability. Further, [3] investigate the 
interplay between renewable energy consumption, 
carbon emissions, economic growth, and foreign direct 
investment, particularly in developed European 
countries, reinforcing the link between renewables and 
sustainable development. [4] underline the role of 
technological innovation and renewable energy 
deployment in driving green economic growth, although 
their study does not focus directly on energy security. 
Drawing on these findings, and addressing the gaps 
observed in the existing literature, this paper aims to 
provide a concise yet comprehensive analysis of how 
renewable energy technologies influence both energy 
security and sustainable economic growth. It 
incorporates the experiences of developed countries and 
adapts them to the case of Iran, considering local climate 
conditions, challenges, and context-specific solutions. 

 
An Overview of Renewable Energy and Its Outlook 
in Iran  
 
Renewable energy refers to sources that naturally 
replenish over time, unlike fossil fuels. These sources 
play a critical role in reducing reliance on fossil fuels and 
lowering greenhouse gas emissions. Recent 
advancements in modern technologies, cost reductions, 
and the growing need for sustainable development have 
driven many countries—particularly developing 
nations—to focus more seriously on this field. 
Improvements such as higher solar panel efficiency and 
lithium battery storage capabilities have further 
enhanced the effectiveness of these sources. The 
development of renewable energy technologies has also 
led to a significant diversification of available sources. A 
brief overview of the main types is table 1. 
Considering the table and Iran’s climatic conditions, 
energy resources, and infrastructure, a mix of solar and 
wind energy—combined with energy storage systems 
and upgraded grid infrastructure—can play a vital role in 
Iran’s transition to a sustainable energy system. Among 
these, solar energy stands out as the most attractive 
investment option due to geographic breadth, high 
radiation levels, and scalability from household to utility-
scale systems. 

 

Table 1. Main Types of Renewable Energy Sources 

Renewable 
Energy Source 

Operating Model Iran's Characteristics 

Solar Energy Utilized through photovoltaic 
(PV) and solar thermal systems 

 

With an average solar radiation of 5.5 kWh/m² per day and 
over 300 sunny days a year, Iran ranks among the best 
countries globally for solar potential. 

Wind Energy Converts kinetic wind energy 
into electricity via turbines 

 

Northeastern areas (like Manjil and Zabol), western regions, 
and southern coasts have suitable wind conditions. Zabol is 
known as one of the windiest regions in the world 

Geothermal 
Energy 

Harnesses heat from beneath 
the Earth’s surface 

Geothermal projects are currently under development in 
Meshkinshahr and Ardabil 

Biomass Energy Generates energy from 
renewable organic materials 

Northern and western provinces have suitable capacity for 
biomass utilization 

Hydropower Uses water flow for generating 
electricity in small and large-
scale hydro plants 

Due to Iran’s dry and semi-arid climate, development is 
limited, but western and northern areas still hold potential 
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The Role of Renewable Energy Technologies in 
Energy Security 
 
Energy security refers to the availability of sufficient, 
affordable, and reliable energy resources to meet 
national needs. Any disruption in the balance between 
supply and demand can lead to energy insecurity, which 
may result in severe economic and social consequences. 
In recent years, Iran has experienced such energy 
imbalances, particularly during peak consumption 
periods, which have led to power shortages and 
economic losses. Integrating renewable energy 
technologies into the national energy mix offers a 
promising solution to these challenges. 
Iran’s unique geographic and climatic conditions, 
especially its abundant solar radiation and significant 
wind potential in regions like Zabol and Manjil, provide 
an excellent foundation for the expansion of renewable 
energy. Utilizing these domestic resources can 
strengthen national energy independence and reduce 
vulnerability to external shocks such as international 
sanctions or geopolitical tensions in global fossil fuel 
markets. 
Renewable energy technologies contribute to energy 
security in three fundamental ways, as outlined in table 
2.  
 
Global Case Studies on Renewables and Energy Security 
 
Several countries provide practical evidence of how 
renewable energy can enhance energy security. 
Germany’s Energiewende policy has significantly 
increased the share of renewables in electricity 
generation, leading to greater autonomy from imported 
fossil fuels. By 2022, over 46% of Germany's electricity 
came from renewables, helping it navigates the energy 
crisis following disruptions in Russian gas supplies. 
Denmark, a pioneer in wind energy, now sources over 

50% of its electricity from wind power, allowing it to 
reduce exposure to fuel price fluctuations and ensure 
stable electricity costs for its citizens. China, facing 
enormous energy demand, has massively invested in 
solar and wind technologies not only for environmental 
goals but also to reduce reliance on coal imports and 
enhance energy self-sufficiency. 
 
Application in the Iranian Context  
 
Iran’s dependency on natural gas and oil for electricity 
generation has created a fragile energy structure, 
especially in the face of seasonal consumption peaks and 
export commitments. Renewable technologies—
particularly solar—offer a distributed, scalable solution 
that can be implemented in both urban and remote 
areas. This decentralization reduces pressure on the 
national grid and enhances reliability. 
Moreover, incorporating renewables into Iran’s energy 
strategy can buffer the country against international 
sanctions that affect the import of energy infrastructure 
components and fuel. By developing domestic 
renewable manufacturing capabilities and installation 
capacities, Iran can improve its energy sovereignty and 
economic resilience. 
 
Integration Challenges and Strategic Outlook 
 
Despite the clear benefits, the integration of renewables 
into Iran’s energy system requires thoughtful planning. 
Existing power grids may need modernization to handle 
variable and decentralized power inputs. Additionally, 
supportive regulations, investment incentives, and 
public-private partnerships are essential for scaling up 
deployment. If these issues are addressed, renewable 
energy can become a cornerstone of Iran’s long-term 
energy security strategy. 

 
Table 2. Key Contributions of Renewable Technologies to Energy Security 

Key Contribution Description 

Reducing Import 
Dependency 

By utilizing locally available resources, reliance on foreign energy 
imports—often volatile and politically sensitive—is reduced. 

Diversifying the 
Energy Mix 

A broader range of energy sources enhances system resilience against 
market or supply disruptions. 

Enhancing System 
Resilience 

Decentralized renewable systems reduce the risk of large-scale 
outages and are less susceptible to cyber or physical attacks. 

 
Economic Impacts of Renewable Energy 

Technologies 

Industry, as the engine of economic growth, fosters 

value creation, job opportunities, domestic production 

capabilities, and reduced reliance on crude oil. Thus, 

industrial development is crucial for achieving 

sustainable economic growth. The emergence of 

renewable energy technologies not only offers 

environmental benefits but also holds transformative 

potential for industrial advancement. As a nascent 

industry, renewables boast distinct advantages over 

traditional sectors, such as geographic dispersion, a wide 

range of human resource needs, and long-term 

sustainability.  
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These technologies act as a strong driver for sustainable 

economic development. The main impacts are 

summarized in table 3. 

How Renewable Technologies Drive Sustainable Economic 
Growth? 
 
A) Attracting Domestic and Foreign Investment: 
Renewable energy technologies—especially solar—have 
created a new and appealing market that requires 
substantial investments in infrastructure, R&D, 
equipment production, and power plant construction. 
The growth of this market, supported by government 
incentives like tax exemptions and guaranteed power 
purchase agreements, makes it a magnet for investors. 
B) Creating Diverse Job Opportunities: 

The development of renewables generates a wide array 
of jobs across sectors. Engineering, R&D, equipment 
manufacturing, project execution, operation, and 
maintenance all directly benefit. Indirect employment is 
also stimulated in related industries like transportation, 
IT, technical consulting, legal, and financial services. 
According to IRENA (2024), over 14 million direct and 
indirect renewable energy jobs existed globally in 2023, 
with solar leading the sector. By 2030, clean energy jobs 
are expected to grow to 38 million worldwide. Given 
Iran’s solar potential, this offers a valuable opportunity 
for economic growth and large-scale job creation. 
Moreover, renewables help reduce unemployment, and 
spur new business models in technical, consulting, 
training, and support services. 
 

 
Table 3. Economic Impacts of Renewable Energy Technologies 

Impact Description 

Job Creation 
Clean energy sectors generate more employment than 
conventional energy industries 

Attracting Investment 
Innovative clean energy projects attract both domestic and 
international capital 

Improving Economic 
Efficiency 

Lower energy costs and greater energy security boost economic 
growth 

Challenges And Proposed Solutions  

Despite their advantages, renewable energy technologies 
face several challenges, including high initial investment 
costs, inadequate infrastructure, legal barriers, and 
cultural resistance. However, effective  

 

solutions have been proposed for each, as summarized 
in table 4. 

 

Table 4. Challenges and Solutions in Renewable Energy Development 

Challenge Description Proposed Solution 

High Initial 
Investment 

Infrastructure development requires 
substantial capital Government subsidies, tax 
incentives, and public investment 

Clean energy sectors generate more 
employment than conventional energy 
industries 

Lack of 
Infrastructure 

Existing grids often lack capacity for 
distributed sources  

Developing smart grid infrastructure and 
foster international R&D collaboration 

Legal Barriers 
Policy shifts and lack of incentives hinder 
growth  

Implement consistent policies and supportive 
regulatory frameworks 

Cultural 
Resistance 

Limited public awareness hampers acceptance
  

Promote public education and awareness on 
clean energy benefits 

 
Conclusion 

This study examined the impact of renewable energy 
technologies on energy security and sustainable 
economic growth, highlighting Iran’s favorable climatic 
conditions and human capital for development. The 
analysis revealed a strategic opportunity to strengthen  

 
 

energy security and foster economic growth through 
renewables. By addressing current challenges and 
leveraging available capacities, countries like Iran can 
overcome energy imbalances and move toward 
sustainable development. Nations that invest early in this 
sector will not only enhance resilience against future 
energy crises but also lead the transition toward a clean 
global economy. Achieving this requires continuous 
government support, infrastructure development, and 
public awareness—three key pillars for a successful 
energy transformation. 
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