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ABSTRACT 

Space-Based Solar Power (SBSP) is a promising new area of renewable energy that seeks to collect solar 

power in space and beam it wirelessly back to Earth. Although the idea has some potential answers to Earth's 

energy problems, it also presents major environmental, health, and security issues. This article discusses 

these matters in depth, investigating the environmental consequence of extensive satellite deployment, 

conceivable health threats stemming from microwave or laser energy transfer, and security concerns 

surrounding SBSP technology's dual-use purpose. Moreover, the financial practicality of SBSP is explored, 

taking into account the steep price of space infrastructure and whether large-scale utilization is viable. By a 

detailed examination, this research seeks to present an equitable view of the promise and challenge of SBSP, 

supporting sound decision-making in the quest for sustainable energy alternatives. 
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1. INTRODUCTION 

The search for sustainable and clean sources of energy has given rise to searching for innovative technologies, 

one of which is Space-Based Solar Power (SBSP) as a futuristic option. SBSP seeks solar energy collection in 

space through massive satellites that deploy photovoltaic cells, concentrating the collected solar energy in the 

form of microwave or laser beams, and transmitting it wirelessly to Earth-based receiving stations. This idea has 

the potential to supply ongoing, sustainable power, independent of weather conditions on Earth or day-night 

cycles. 

With that said, the utilization of SBSP is not without challenges that reach beyond the technical issues of 

feasibility. Environmental, health, and security factors of their deployment must be carefully scrutinized. On the 

ecological front, the establishment and construction of SBSP systems might lead to space junk, interfere with 

satellite constellations, and threaten the Earth's atmosphere. Health concerns arise from exposure to high-

intensity microwave or laser beams, which could have adverse biological effects. Security issues pertain to the 

potential dual-use nature of SBSP technology, where peaceful energy transmission systems could be repurposed 

for military applications. 

Economically, the viability of SBSP hinges on the substantial costs associated with satellite construction, 

launch, and maintenance, as well as the development of efficient wireless power transmission technologies. 

While proponents argue that SBSP could complement existing renewable energy sources and enhance energy 

security, critics highlight the uncertainties and risks involved. 

This paper is designed to offer an in-depth examination of the safety and environmental issues related to SBSP, 

analyze its economic viability, and touch on the larger implications of its possible implementation. Through this 

focus, the study hopes to advance the discussion regarding the future of renewable energy technology and how it 

can be incorporated into global energy systems. 

2. LITERATURE SURVEY  

A survey of the current literature indicates an increasing number of studies on SBSP, covering technical, 

environmental, and economic approaches. The design and operational issues of SBSP systems have been 

researched, such as the optimization of efficient photovoltaic cells, microwave and laser power transmission 

technologies, and mass satellite deployment planning. Environmental evaluations have analyzed the possible 

effects of SBSP on space debris, satellite constellations, and the Earth's atmosphere. Health risk assessments 

have centered on biological consequences of microwave and laser beam exposure, taking into account both 

short-term and long-term exposure conditions. Economic assessments have measured the cost-benefit ratio of 



International Journal of Interdisciplinary Innovative Research & Development (IJIIRD) 

ISSN: 2456-236X 

Vol. 10 Issue 01 | 2025 

EE007 www.ijiird.com 542 

SBSP, taking into account launch fees, satellite production, upkeep, as well as the possibility of large-scale 

energy generation. 

In spite of the encouraging features of SBSP, the literature also points to serious challenges and uncertainties. 

The exorbitant costs of SBSP infrastructure, combined with technical issues and possible environmental and 

health hazards, present formidable obstacles to its large-scale application. In addition, the dual-use potential of 

SBSP technology creates security issues, as the same equipment intended for peaceful energy transmission can 

be repurposed for military applications. 

3. OBJECTIVES OF THE STUDY 

The primary objectives of this study are: 

1. Environmental Impact Assessment: To evaluate the ecological impact of SBSP, including the generation of 

space debris, effects on satellite constellations, and potential effects on Earth's atmosphere. 

2. Health Risk Analysis: To investigate the biological impacts of microwave and laser beam exposure in SBSP 

systems, considering both acute and chronic exposure conditions. 

3. Security Implications: To establish the security risks involved in SBSP, addressing the potential dual-use 

nature of the technology and its security implications at the international level. 

4. Economic Feasibility Study: To analyze the economic viability of SBSP, with a view to launch costs, 

satellite production, maintenance, and potential for large-scale energy production. 

5. Integrated Risk Assessment: To provide an overall evaluation of the environmental, health, security, and 

economic effects of SBSP, offering details on the overall sustainability and viability of the technology. 

6. Evaluate environmental impacts: This involves assessing potential contamination of the Earth and space by 

SBSP infrastructure such as launch vehicles, satellites, and receiving stations. 

7. Assess safety of wireless power transmission: Research studies the possible influence of directed 

microwave or laser radiation upon living organisms as well as the atmosphere on Earth with a view to providing 

safety and preventing unforeseen results. 

8. Tackle space debris issues: Investigation considers the effect of big SBSP systems on the space debris 

environment, such as end-of-life removal and deorbiting methodology. 

9. Consider long-term sustainability: Research examines the possibility of SBSP to lead to net zero emissions 

and evaluates the technology's environmental impact along its entire lifecycle, from production to 

decommissioning. 

10. Develop safety regulations and guidelines: It is aimed at creating transparent regulations and guidelines 

for the safe and accountable development and deployment of SBSP technologies, keeping potential risks to a 

minimum. Essentially, the aim is to guarantee that SBSP, which is a potential clean energy, is implemented 

responsibly and sustainably to avoid any adverse environmental and safety impacts. 

4. ENVIRONMENTAL AND SAFETY CONCERNS 

 
Fig. -1  Solar power - clean and Green Energy 

4.1 Ecological Impact 

Deployment of SBSP systems entails launching satellites of mass into orbit, which may result in space debris. 

Collisions with current space objects pose threats to functional satellites and potentially fuel the issue of space 
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junk, creating a cascade effect in the form of the Kessler syndrome. The launch and operation of SBSP systems 

may also have secondary impacts upon Earth's environment, including altering land use patterns and disrupting 

habitat by creating ground-based infrastructure.  

 

4.2 Health Risks 

The transportation of energy from space to Earth through microwave or laser beams is of concern regarding its 

possible effects on health. Exposure to microwave radiation of high intensity may cause the heating of tissue, 

and long-term exposure could have worse effects on health. Likewise, laser beams, in case of uncontrolled 

emission, may cause damage to the eye or burning of skin. Although the suggested intensity levels for SBSP 

systems are within safety margins, long-term exposure effects are unknown and need to be studied further. 

 
Fig. -2 Conceptual Illustration of Satellite Laser Power Beaming to Earth   

4.3 Security Concerns 

Space-Based Solar Power (SBSP) technology is dual-purpose in nature, and it is applicable both for civilian and 

military purposes. The ability to beam high-intensity energy beams can be utilized not only for power 

transmission to distant areas but also possibly for offensive or defensive military operations. This dual-use 

character of concern generates fear that space will be weaponized, since SBSP systems can in theory be 

modified to destroy or impair adversary assets, such as satellites, communications facilities, or even terrestrial 

targets. Such opportunities classify SBSP as a strategic technology and create the necessity for international 

regulation and transparence measures to avoid misuse and to keep space as a peaceful environment. 

 
Fig. -3  Block diagram of Solar power 

The mechanism operates on the principle of converting electrical energy to microwave energy, transmitting it 

wirelessly, converting it back into electrical energy, and finally returning it as usable electricity. Below is a step-

by-step description of the working principle: 

1. Solar Energy Conversion 

•Solar Panels capture sunlight and convert it into DC electricity through the photovoltaic effect. 

•This DC power is stored in a Battery Array. 

2. Conversion to Microwave Energy 
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•The electrical energy stored is supplied to a Magnetron, an apparatus that transforms DC electricity to 

microwave radiation. 

•Microwaves are electromagnetic waves capable of transmitting energy over great distances. 

3. Microwave Transmission 

•The produced microwaves are radiated through a Transmitter Antenna to the air or space. 

•This is the stage of wireless power transmission (WPT), where energy is conveyed through the air in the form 

of microwave beams. 

4. Microwave Reception 

• A Receiver Antenna (also referred to as a Rectenna) captures the microwave energy. 

• The antenna is specially constructed to collect microwave radiation and channel it to rectifiers. 

5. Rectification and Power Storage 

• An Array of Rectifiers transforms the captured microwave energy back into DC electricity. 

• The transformed electricity is stored in an Array of Batteries for future use or load distribution to the grid. 

Key Concepts Involved 

• Photovoltaic Effect (solar to electric) 

• Microwave Generation (using magnetron) 

• Wireless Transmission (microwave propagation) 

• Rectification (microwave to DC electricity) 

 

Applications 

• Space-based solar power (SBSP) 

• Remote or inaccessible area power delivery 

• Wireless charging systems 

4.4 Security Risks and Geopolitical Implications 

The dual-use aspect of Space-Based Solar Power (SBSP) technology poses serious security issues. The same 

infrastructure used for peaceful energy transmission has the potential to be reused for military uses, like directed 

energy weapons. It potentially promotes the militarization of space and could create geopolitical tensions. 

International agreements and treaties, like the Outer Space Treaty, are designed to avoid weaponing space; 

however, technological advancements happening very quickly and the dual-use characteristics of SBSP systems 

make enforcement and compliance difficult. In addition, the centralization of energy transmission in localized 

areas may leave receiving stations susceptible to concentrated attacks, compromising national security and 

energy infrastructure. 

 
Fig. -4 Workflow of the space Solar power system 
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5. ECONOMIC VIABILITY 

The economic viability of SBSP remains the subject of active research and controversy. Recent estimates 

indicate that it is prohibitively expensive to initiate and operate SBSP systems. For example, initiating a 1-

gigawatt SBSP system might cost anywhere from $10 to $20 billion. In addition, the price per kilowatt-hour 

(kWh) of electricity produced from SBSP is presently estimated at $0.50 to $1.00, much higher than that of 

ground-based renewable energy. Nevertheless, future improvements in launch technologies, for example, 

reusable rockets, and satellite manufacturing might decrease these expenses over time. In addition, space-based 

manufacturing capacity, including the mining of the moon, might reduce dependence on terrestrial resources and 

lower costs even further. Despite these possibilities of reduction, SBSP is a high-risk, high-payoff venture that 

necessitates a huge amount of money and global cooperation to become financially feasible.  

 

6. CONCLUSIONS  

Space-Based Solar Power is a promise of a renewable and uninterrupted supply of clean energy. But its 

introduction poses important environmental, health, safety, and economic issues that need to be resolved 

through intense research, global collaboration, and strong regulatory mechanisms. Environmental effects, 

including space junk and possible ecological interference, need cautious planning and countermeasures. Health 

hazards due to exposure to microwave or laser beams need thorough safety analyses and conformity with global 

safety norms. The dual-use nature of SBSP technology creates security concerns in terms of the governance and 

compliance with space treaties. Economically, although it is expensive in the short run, technological 

improvements may lower costs, making SBSP more viable in the long run. Conclusion In summary, SBSP 

technology is an exciting prospect for future energy development but must be done with caution, where the 

benefit is more than the risk. 
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