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Thesis Summary 
 

Wireless Power Transmission (WPT) technology using a satellite-to-satellite system 

represents a valuable and convenient technology for transferring power wirelessly among 

Space Solar Power Satellites (SSPS) to Satellite and potential upcoming interplanetary 

missions. This direct transmission offers a possible solution to deliver continuous, convenient, 

and unlimited energy supply to satellites help replace traditional power storage and reduce the 

weight and ultimately the costs of launching satellites. Satellite industries traditionally use 

photovoltaic cells and nuclear generators to satisfy the needed electricity needed by spacecraft. 

Current power generation and effective management systems occupy up to 10-25% of the 

satellite's mass. 

 

The concept of laser-based WPT from Energy Satellite (E-Sat) can overcome 

substantial problems. The current design of SSPS primarily focuses on designing a massive 

satellite to generate and transmit gigawatts of energy to an Earth-based ground receiving 

antenna. This consistent idea can be adopted for spacecraft by developing a constellation of E-

Sat called Energy Orbit (E-Orbit) to supply sufficient power to spacecraft within range. It will 

increase the impressive performance and operational lifetime, especially for small and cube 

satellites using microwaves and laser-based power transmission. By developing a small scale 

SSPS, E-Sat for WPT application in space, followed by a practical demonstration of mother-

daughter satellite and accurately evaluating the possibility for subsequent implementation. In 

addition, creating 1600 E-Sats constellations to fulfill the power demand in low earth orbit. 

 

Nevertheless, another potential avenue where E-Orbit supports a possible application 

is its utility towards rovers and habitat. For instance, the rovers find it difficult to investigate 

in the far side, crater, and polar region of the Moon, where sunlight is unavailable for a few 
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days. This challenge can be suitably overcome by employing an E-Sats, which can be used for 

WPT, independent of its location. Such techniques demonstrate possible applications towards 

power transmission for unmanned aerial vehicles for faster mapping purposes. As such, the 

dependence of those aerial vehicles towards fixed energy storage becomes alleviated. 

Simultaneously the future habitat on Mars and the Moon will receive continuous power by 

developing a perfect Mars and Moon E-Orbit system for interplanetary and solar-system 

investigation mission satellites to achieve continuous power. 

 

The theoretical modeling allows the analysis of power conversion or transmission for 

each unit in terms of laser impacts, transmission efficiency, and photovoltaic-cell thermal 

property. Maximum power transmission efficiency is calculated based on a linear 

approximation of power conversation between electricity-to-laser and laser-to-electricity 

validated by numerical simulation. This efficiency variation depends on the selection of Laser, 

transmitter, transmission distance, and photovoltaic cells, the same as increasing the maximum 

transmission efficiency of information in a wireless communication network. Consequently, 

this thesis gives insight into wireless power transmission in general and adequate guidelines of 

the satellite to satellite power transmission system design in practice. The development and 

demonstration of this technology can help fulfill Space Solar Power Satellites' idea to transfer 

gigawatts of renewable energy to Earth. 

 

Chapter 1: Introduction:  This chapter contains the literature review for the energy 

crisis on Earth concerning the ever-growing population. The production of affordable 

electricity from renewable and nonrenewable energy and associate problem. Implement a new 

renewable power system and economic production using space-based SSPS and unique 

challenges to design it. The current power management systems for space and associated 
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technologies efficiently utilize to sufficiently support diverse missions around Earth and 

interplanetary mission. Creating E-Sats and a constellation design in low Earth orbit, E- Orbit. 

 

Chapter 2: Literature Review and E-Orbit Refence Mission Designing: This 

Chapter includes the necessary information on and overviews of SSPS designing and the 

historical development of WPT, and remarkable experiments efficiently conducted from all 

over the world. The numerical analysis and exercise of microwave and laser systems for 

wireless power transmission. The current policies and key challenges around space solar power 

and wireless power transmission system designing. Discussed the reference parameters for E-

Sat and E-Orbit. 

 

Chapter 3: Energy Satellite: The system analysis and system engineering to develop 

a small-scale SSPS properly as E-Sat. The essential components, high accuracy attitude, orbital 

control subsystem, propulsion subsystem, active sensors, power generation, and management 

unit, including laser power transmission subsystem as payload for E-Sat. The power 

transmission efficiency and power density at receiving object to satisfy user requirements. The 

novelty of E-Sat compares to the historical SSPS design. The necessary orbital variables and 

their operational performance inside the proper orbit. 

 

Chapter 4: Energy Orbit : The practical importance of Energy Orbit and the formation 

flying of E-Sats in low Earth orbit. Orbital characteristics to properly transfer continuous non-

disruptive laser power to customer satellite and maintaining power across Energy Orbit. The 

orbital characteristics and continuous interaction with the customer satellite with the specific 

decided range of power transmission. The system modeling and necessary phase to phase 

timeline for progressively developing Energy Orbit across low Earth orbit. Numerical analysis 
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To satisfy global energy demands, a new perspective is necessary to build new power 

plants that include nuclear power plants, coal power plants, hydroelectric power plants, solar 

power stations, wind power plants, among others. Nevertheless, energy producers will need to 

look into the perspective of global climate change concerning energy production as such power 

plants are harming the environment due to greenhouse gases. Two-thirds of global greenhouse 

gas emissions are burning fossil fuels to produce energy for heating, electricity, transport, and 

industry. The global energy consumption from the variable energy source is shown in Figure 

1.2.  

 

 

Figure 1.2 Global energy consumption in TWh 

 

In Japan, electricity is costly compare to the other parts of the world. After the 2011 

nuclear disaster, only five nuclear power plants out of 22 generators are currently active. 

Japan's total energy production is approximately 2,592.08 bn kWh, and actual consumption is 
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Figure 1.3 Comparison of Coal Power Plant Vs. PV Solar Farm and Storage Facility 

 

 Peter Glaser suggests that SSPS will be an alternate source for fulfill ing and find a 

novel concept of transmitting energy from space to Earth. In the era of nuclear energy, highly 

developed new generation systems provide safety and security to any nation. However, Peter 

Glaser quoted that in [7] "There are at present serious doubts that nuclear energy can be relied 

upon to fill a continuously larger percentage of energy requirements since there are no known 

ways as yet to provide complete insurance against environmental pollution by nuclear energy 

plants." The recent Fukushima Daiichi nuclear power plant accident leads to the search for an 

alternative safe and renewable energy source for continuous power supply [8-10]. The concept 

of SSPS comes into light only after this accident. Meanwhile, the space community has already 

proposed and investigated several designs long before this accident.  

The first design was prosed and patented by Peter Glaser in the late 1960s [11,12]. The 

design was to collect and convert solar radiation energy to electric energy using GEO based 

satellite. The produced electricity is converted and transmitted using MPT to a receiving site 

on Earth. It has advantages over the traditional PV solar panels on ground-based generation 
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1.3. Space Solar Power for Space Application  

WPT technology using a satellite-to-satellite system represents a valuable and 

convenient technology for transferring power wirelessly among SSPS to Satellite and potential 

future interplanetary missions. This direct transmission can help replace traditional power 

storage and reduce the weight and ultimately the costs of launching satellites. This thesis 

discusses the WPT between one small-scale SSPS to another operational satellite, followed by 

a demonstration of small-scale SSPS and evaluates the possibility for future implementation. 

SSPS will increase the performance and operational lifetime, especially for small and cube 

satellites using microwaves and laser-based power transmission. The development and 

demonstration of this technology can help fulfill SSPS idea to transfer gigawatts of renewable 

energy to Earth. This thesis will  summarize several WPT methods, examine the history of 

radioactive WPT technology, and discuss the significant obstacles facing the conception of 

modern WPT systems and conclude with describing the new ways of telecommunication and 

communication systems to face these issues with power transmission. Topics presented include 

energy harvesting, WPT power transmission, channel acquisition, WPT Smart Energy Area 

Characterization, linear- and semi-energy-receiver model wave forming, WPT security and 

health problems, WPT-based SSPS management wireless charging. 

The current design and technology enhanced the original ideas of Glaser. Deployment 

collectors can be situated in the GEO, MEO, or moon surface while visualizing arrays in the 

GEO. More recent plans have even allowed SSPS to be placed at LEO with much less energy 

to go to ground stations. Glaser foresees photovoltaic panels as collectors to collect the solar 

radiation in a receiver that absorbs radiant energy. PV film designs are becoming thinner with 

technological development. Although overall efficiency has increased over time, new materials 

with longer lifespans are expected to appear in the market shortly.  





Chapter 1 
Introduction 

 11 

basic functional block diagram throughout the LPT system explained in Figure 1.4 where the 

PMS is working for generating and converting power from PV cells convert into DC form. 

Afterward, the DC will be converted to a laser using an optical antenna for power transmission 

to the objective destination with the confirmed transmission. Power generation and power 

storage devices will no longer be required thanks to constant LEO to LEO energy supply.  

 

Figure 1.4 Generic Space Solar Power Satellite and Power Beaming functional block diagram 

 

 Solid-state lasers like Nd-YAG ranging of 10 kW will be used for transmitting energy 

via laser beams. 200 W laser source from a small group of E-Sats will help some customer 

satellites for orbit transfer called laser propulsion. This propulsion will be achieved by three-
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Figure 1.6 A timeline of E-Orbit study and design Evolution Model 
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massive scale 60 SSPS systems to transmit 5 GW power to rectenna [21] and later till 1980, 

several comparative studies were conducted, including for MPT, antenna designing cost-

effective SSPS system [22].  

From 1980 to the 1990s, several international space agencies and leading countries are 

considered SSPS as crucial technology and started investigating. Japan, Europe, Russia, and 

Canada started the experiment with Kyoto University leading the first satellite-based 

experiment to scientifically investigate the nonlinear interaction of strong microwaves with the 

ionosphere (In august 29, 1983.) called Microwave Ionosphere Nonlinear Interaction 

Experiment -MINIX [ 23, 24]. 

ISAS and Toshiba proposed a 10 MW SSPS system called ESPOS which in LEO which 

transmits potential energy every 114 minutes after a revolution to transmit for 35 minutes, and 

the energy will be stored as heat fluid, with LiF used as the thermal Transfer fluid for the 

Brayton Cycle Engine [19, 20]. In 1992 International Space University conducted a Space 

Solar Power Program at Kitakyushu, Japan, collaborating with NASA and other space agencies, 

to present the final report on the SSPS system. That year, they proposed a reusable 

transportation system economic-based design concept [20] and in 1993, Japan completed 

another experiment the ISY-METS sounding rocket experiment [21]. During this experiment, 

leading researchers scientifically investigated the SSPS rectenna system based on Japan's 

experiments on the mother-daughter MPT system to evaluate the nonlinear plasma effect on 

high-power microwave beams in space.  

A space solar power working group proposed SPS2000 (1993) from ISAS Japan to 

place a satellite at LEO with a unique prism shape to transmit 10 MW of power by MPT 2.45 

GHz frequency by slots antenna. The NEDO Japan proposed Sunshine Project in 1994 to 

transmit 1 GW by MPT at 2.45 GHz using the dipole antenna with a diameter of 1 km [24].  
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blanket area of 26.52 km2 and reflector area including planform area of 55.13 km2 with GFRTP 

structure. A one km diameter phased array microwave transmission antenna with the frequency 

of 2.45 GHz - 6.72 GW was placed on another side. The transmission consists of a klystrons-

based power amplifier with slotted waveguides elements, as shown in Figure 2.2 and detailed 

system information in Table 2.2.  

 

Figure 2.2 NASA DoE reference model, 1978 

The reference system is designed for commercial output of 5 GW per year, and adding 

2 SSPS per year will provide a 300 GW total capacity system with 2030 and the technology 

availability based on 1990. The total overall efficiency for the reference system is 7 %, with an 

EOL of 30 Years. The power density on the ground was set to a maximum of 23 mW/cm2 at 

the center and one mW/cm2 at the edge, which is thought not to cause nonlinear interactions in 

the ionosphere. The area of the power receiving rectenna is 10 km in diameter in the equator 

with an area of 78.5 km2 [27].   
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2.1.1.3. Fresh Look Study 1997-1999 

The NASA project group studied a new approach to investigate and create a new SSPS 

system design. The report presents two unique designs with the 1990s technology; the Sun 

Tower and the Solar Disc.  

 
2.1.1.3.1. Sun Tower 

Sun Tower is an innovative design to lower the development and lifecycle cost. The 

design was first deployed in LEO and then transferred using elliptical Earth orbit. The design 

is capable of transmitting 100 - 400 MW using a single SSPS module. The Satellite 

constellation of MPT is characterized by its GHz frequency-based system, medium size, 

gravity gradient stabilizer, sunflower concept. The leaves are PV cells, and the Earth point face 

is the transmitter with a diameter of 26 m. A single transmitter cell is a hexagonal structure 

with a 5 cm diameter.  

 

Figure 2.3 Sun Tower design by NASA 
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capability is 10 degrees and the ground segment are approximately 5-6 km diameter in size, 

shown in Figure 2.5.  [30] 

 

Figure 2.5 Conceptual design of GEO based SolarDisc 

2.1.1.4. SERT SSPS Design 1999-2000 

 

Figure 2.6 SERT SSPS design  
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Figure 2.14 Sail Tower SPS 

 
2.1.4. China 

2.1.4.1.   Multi -Rotary Joints SSP (2015) 

China Academy of Space Technology proposed an MPT-based SSPS in 2015 to deliver 

1.2 GW of power from GEO based system. The architecture consists of multiple PV in two 

directions to transmit electricity with a 5.8 GHz frequency using a microstrip antenna. The 

thin-fil , GaAs-based PV cells with 40 % efficiency will be used for power generation, and the 

total power output will be 2.4 GW. The MPT system efficiency is estimated at 54 % with a 1 

km diameter antenna, consisting of 128,000 antenna module elements capable of transmitting 
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This WPT technology is currently used in mobile charging. In addition, the investigation and 

research on the far-field transmission, long-distance SSPS system, including MPT, LPT, 

electromagnetic waves, are underway as shown in Table 2.4.  

Table 2.4 Comparison of different WPT techniques [54, 55] 

Parameters Inductive 

Coupling 

Microwave Laser 

Distance Few 

millimeters 

Up to 100s km Few meters can be 

increased by highly 

intensive beam 

Transmitted Power ~ few W ~100s MW. ~100s MW. 

Efficiency Low High Medium  

Penetration (clouds/ 

fog/ rain) 

 Very High No 

Aperture size 

(transmitter and 

receiving antenna) 

Small Large Small 

Cost Economical Expansive Economical 

Safety (Biological point 

of view) 

Safe  Dangerous due to 

radiation but controllable 

Dangerous 

 

Most of the SSPS studies conducted by space agencies and private entities are based on 

MPT. It can transmit energy in cloudy or remote regions with higher transmission efficiency, 

an effect of extensive research in this area compared to LPT. In such a system, the PV cells 

generated power in DC and converted it into microwaves using magnetron and klystron with 

high beam efficiency.  

The Laser of an LPT can be generated from the solid-state laser diode and solar 

pumping laser generator. LPT undoubtedly shows the highest prospects for long-distance, 

slight beam divergence with high-energy transmission [56]. The receiving and transmission 
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could create dangerous situations. While much of the literature talks on microwave 

transmission, the laser has the same restrictions to provide acceptable levels of safety. The 

main difference between laser and microwave is its armament potential. 

Initial worries about the level of power returned to Earth were alleviated by the 

increasing usage of microwave power in communications, medical, radar, and industrial 

applications as well as the common usage of microwave ovens in households over decades. 

The beam falls below the harmful threshold even in the most intense area and under continuous 

exposure to the laser beam. Non-ionizing radio frequency power is conceivable; thermal effects 

should be modest but only approximately 1/4 the intensity of the transmitted beam. The mid-

range WPT bioeffects (5.8 GHz) investigations of NASA showed no significant risk of 

exposure. There are few interactions between the atmosphere and the power beam, and the 

possibility of harm is unknown. 

However, there are still specific concerns. Both microwaves and lasers, radiating 

beyond the visual region (e.g., IR lasers), are undetectable to the naked human eye. They are 

insidiously exposed to persons working inside and living around terrain stations, airplanes, and 

other aircraft such as ultra-lights and balloons and, presumably, to bird species. The "startle 

factor," or momentary blindness or blinding of airline pilots, is problematic for visible light-

lasers. Damage to birds and mitigation techniques may be incorporated in the environmental 

safety requirements in the broader environmental context. Harmonizing environmental security 

requirements among nations might effectively set an acceptable minimum threshold for WPT 

emissions, as found in other parts of the spatial activity and electromagnetic energy systems. 

Frequency and microwave safety are correlated. Higher frequencies make antenna 

dimensions and gains more attractive but at the sacrifice of the lowness of power. In addition, 

the higher the frequency, the denser and the stronger the beam, the more harmful. Consequently, 
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Thesis Summary 
 

Wireless Power Transmission (WPT) technology using a satellite-to-satellite system 

represents a valuable and convenient technology for transferring power wirelessly among 

Space Solar Power Satellites (SSPS) to Satellite and potential upcoming interplanetary 

missions. This direct transmission offers a possible solution to deliver continuous, convenient, 

and unlimited energy supply to satellites help replace traditional power storage and reduce the 

weight and ultimately the costs of launching satellites. Satellite industries traditionally use 

photovoltaic cells and nuclear generators to satisfy the needed electricity needed by spacecraft. 

Current power generation and effective management systems occupy up to 10-25% of the 

satellite's mass. 

 

The concept of laser-based WPT from Energy Satellite (E-Sat) can overcome 

substantial problems. The current design of SSPS primarily focuses on designing a massive 

satellite to generate and transmit gigawatts of energy to an Earth-based ground receiving 

antenna. This consistent idea can be adopted for spacecraft by developing a constellation of E-

Sat called Energy Orbit (E-Orbit) to supply sufficient power to spacecraft within range. It will 

increase the impressive performance and operational lifetime, especially for small and cube 

satellites using microwaves and laser-based power transmission. By developing a small scale 

SSPS, E-Sat for WPT application in space, followed by a practical demonstration of mother-

daughter satellite and accurately evaluating the possibility for subsequent implementation. In 

addition, creating 1600 E-Sats constellations to fulfill the power demand in low earth orbit. 

 

Nevertheless, another potential avenue where E-Orbit supports a possible application 

is its utility towards rovers and habitat. For instance, the rovers find it difficult to investigate 

in the far side, crater, and polar region of the Moon, where sunlight is unavailable for a few 
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days. This challenge can be suitably overcome by employing an E-Sats, which can be used for 

WPT, independent of its location. Such techniques demonstrate possible applications towards 

power transmission for unmanned aerial vehicles for faster mapping purposes. As such, the 

dependence of those aerial vehicles towards fixed energy storage becomes alleviated. 

Simultaneously the future habitat on Mars and the Moon will receive continuous power by 

developing a perfect Mars and Moon E-Orbit system for interplanetary and solar-system 

investigation mission satellites to achieve continuous power. 

 

The theoretical modeling allows the analysis of power conversion or transmission for 

each unit in terms of laser impacts, transmission efficiency, and photovoltaic-cell thermal 

property. Maximum power transmission efficiency is calculated based on a linear 

approximation of power conversation between electricity-to-laser and laser-to-electricity 

validated by numerical simulation. This efficiency variation depends on the selection of Laser, 

transmitter, transmission distance, and photovoltaic cells, the same as increasing the maximum 

transmission efficiency of information in a wireless communication network. Consequently, 

this thesis gives insight into wireless power transmission in general and adequate guidelines of 

the satellite to satellite power transmission system design in practice. The development and 

demonstration of this technology can help fulfill Space Solar Power Satellites' idea to transfer 

gigawatts of renewable energy to Earth. 

 

Chapter 1: Introduction:  This chapter contains the literature review for the energy 

crisis on Earth concerning the ever-growing population. The production of affordable 

electricity from renewable and nonrenewable energy and associate problem. Implement a new 

renewable power system and economic production using space-based SSPS and unique 

challenges to design it. The current power management systems for space and associated 
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technologies efficiently utilize to sufficiently support diverse missions around Earth and 

interplanetary mission. Creating E-Sats and a constellation design in low Earth orbit, E- Orbit. 

 

Chapter 2: Literature Review and E-Orbit Refence Mission Designing: This 

Chapter includes the necessary information on and overviews of SSPS designing and the 

historical development of WPT, and remarkable experiments efficiently conducted from all 

over the world. The numerical analysis and exercise of microwave and laser systems for 

wireless power transmission. The current policies and key challenges around space solar power 

and wireless power transmission system designing. Discussed the reference parameters for E-

Sat and E-Orbit. 

 

Chapter 3: Energy Satellite: The system analysis and system engineering to develop 

a small-scale SSPS properly as E-Sat. The essential components, high accuracy attitude, orbital 

control subsystem, propulsion subsystem, active sensors, power generation, and management 

unit, including laser power transmission subsystem as payload for E-Sat. The power 

transmission efficiency and power density at receiving object to satisfy user requirements. The 

novelty of E-Sat compares to the historical SSPS design. The necessary orbital variables and 

their operational performance inside the proper orbit. 

 

Chapter 4: Energy Orbit : The practical importance of Energy Orbit and the formation 

flying of E-Sats in low Earth orbit. Orbital characteristics to properly transfer continuous non-

disruptive laser power to customer satellite and maintaining power across Energy Orbit. The 

orbital characteristics and continuous interaction with the customer satellite with the specific 

decided range of power transmission. The system modeling and necessary phase to phase 

timeline for progressively developing Energy Orbit across low Earth orbit. Numerical analysis 
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To satisfy global energy demands, a new perspective is necessary to build new power 

plants that include nuclear power plants, coal power plants, hydroelectric power plants, solar 

power stations, wind power plants, among others. Nevertheless, energy producers will need to 

look into the perspective of global climate change concerning energy production as such power 

plants are harming the environment due to greenhouse gases. Two-thirds of global greenhouse 

gas emissions are burning fossil fuels to produce energy for heating, electricity, transport, and 

industry. The global energy consumption from the variable energy source is shown in Figure 

1.2.  

 

 

Figure 1.2 Global energy consumption in TWh 

 

In Japan, electricity is costly compare to the other parts of the world. After the 2011 

nuclear disaster, only five nuclear power plants out of 22 generators are currently active. 

Japan's total energy production is approximately 2,592.08 bn kWh, and actual consumption is 
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Figure 1.3 Comparison of Coal Power Plant Vs. PV Solar Farm and Storage Facility 

 

 Peter Glaser suggests that SSPS will be an alternate source for fulfill ing and find a 

novel concept of transmitting energy from space to Earth. In the era of nuclear energy, highly 

developed new generation systems provide safety and security to any nation. However, Peter 

Glaser quoted that in [7] "There are at present serious doubts that nuclear energy can be relied 

upon to fill a continuously larger percentage of energy requirements since there are no known 

ways as yet to provide complete insurance against environmental pollution by nuclear energy 

plants." The recent Fukushima Daiichi nuclear power plant accident leads to the search for an 

alternative safe and renewable energy source for continuous power supply [8-10]. The concept 

of SSPS comes into light only after this accident. Meanwhile, the space community has already 

proposed and investigated several designs long before this accident.  

The first design was prosed and patented by Peter Glaser in the late 1960s [11,12]. The 

design was to collect and convert solar radiation energy to electric energy using GEO based 

satellite. The produced electricity is converted and transmitted using MPT to a receiving site 

on Earth. It has advantages over the traditional PV solar panels on ground-based generation 
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1.3. Space Solar Power for Space Application  

WPT technology using a satellite-to-satellite system represents a valuable and 

convenient technology for transferring power wirelessly among SSPS to Satellite and potential 

future interplanetary missions. This direct transmission can help replace traditional power 

storage and reduce the weight and ultimately the costs of launching satellites. This thesis 

discusses the WPT between one small-scale SSPS to another operational satellite, followed by 

a demonstration of small-scale SSPS and evaluates the possibility for future implementation. 

SSPS will increase the performance and operational lifetime, especially for small and cube 

satellites using microwaves and laser-based power transmission. The development and 

demonstration of this technology can help fulfill SSPS idea to transfer gigawatts of renewable 

energy to Earth. This thesis will  summarize several WPT methods, examine the history of 

radioactive WPT technology, and discuss the significant obstacles facing the conception of 

modern WPT systems and conclude with describing the new ways of telecommunication and 

communication systems to face these issues with power transmission. Topics presented include 

energy harvesting, WPT power transmission, channel acquisition, WPT Smart Energy Area 

Characterization, linear- and semi-energy-receiver model wave forming, WPT security and 

health problems, WPT-based SSPS management wireless charging. 

The current design and technology enhanced the original ideas of Glaser. Deployment 

collectors can be situated in the GEO, MEO, or moon surface while visualizing arrays in the 

GEO. More recent plans have even allowed SSPS to be placed at LEO with much less energy 

to go to ground stations. Glaser foresees photovoltaic panels as collectors to collect the solar 

radiation in a receiver that absorbs radiant energy. PV film designs are becoming thinner with 

technological development. Although overall efficiency has increased over time, new materials 

with longer lifespans are expected to appear in the market shortly.  
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basic functional block diagram throughout the LPT system explained in Figure 1.4 where the 

PMS is working for generating and converting power from PV cells convert into DC form. 

Afterward, the DC will be converted to a laser using an optical antenna for power transmission 

to the objective destination with the confirmed transmission. Power generation and power 

storage devices will no longer be required thanks to constant LEO to LEO energy supply.  

 

Figure 1.4 Generic Space Solar Power Satellite and Power Beaming functional block diagram 

 

 Solid-state lasers like Nd-YAG ranging of 10 kW will be used for transmitting energy 

via laser beams. 200 W laser source from a small group of E-Sats will help some customer 

satellites for orbit transfer called laser propulsion. This propulsion will be achieved by three-
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Figure 1.6 A timeline of E-Orbit study and design Evolution Model 
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massive scale 60 SSPS systems to transmit 5 GW power to rectenna [21] and later till 1980, 

several comparative studies were conducted, including for MPT, antenna designing cost-

effective SSPS system [22].  

From 1980 to the 1990s, several international space agencies and leading countries are 

considered SSPS as crucial technology and started investigating. Japan, Europe, Russia, and 

Canada started the experiment with Kyoto University leading the first satellite-based 

experiment to scientifically investigate the nonlinear interaction of strong microwaves with the 

ionosphere (In august 29, 1983.) called Microwave Ionosphere Nonlinear Interaction 

Experiment -MINIX [ 23, 24]. 

ISAS and Toshiba proposed a 10 MW SSPS system called ESPOS which in LEO which 

transmits potential energy every 114 minutes after a revolution to transmit for 35 minutes, and 

the energy will be stored as heat fluid, with LiF used as the thermal Transfer fluid for the 

Brayton Cycle Engine [19, 20]. In 1992 International Space University conducted a Space 

Solar Power Program at Kitakyushu, Japan, collaborating with NASA and other space agencies, 

to present the final report on the SSPS system. That year, they proposed a reusable 

transportation system economic-based design concept [20] and in 1993, Japan completed 

another experiment the ISY-METS sounding rocket experiment [21]. During this experiment, 

leading researchers scientifically investigated the SSPS rectenna system based on Japan's 

experiments on the mother-daughter MPT system to evaluate the nonlinear plasma effect on 

high-power microwave beams in space.  

A space solar power working group proposed SPS2000 (1993) from ISAS Japan to 

place a satellite at LEO with a unique prism shape to transmit 10 MW of power by MPT 2.45 

GHz frequency by slots antenna. The NEDO Japan proposed Sunshine Project in 1994 to 

transmit 1 GW by MPT at 2.45 GHz using the dipole antenna with a diameter of 1 km [24].  
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blanket area of 26.52 km2 and reflector area including planform area of 55.13 km2 with GFRTP 

structure. A one km diameter phased array microwave transmission antenna with the frequency 

of 2.45 GHz - 6.72 GW was placed on another side. The transmission consists of a klystrons-

based power amplifier with slotted waveguides elements, as shown in Figure 2.2 and detailed 

system information in Table 2.2.  

 

Figure 2.2 NASA DoE reference model, 1978 

The reference system is designed for commercial output of 5 GW per year, and adding 

2 SSPS per year will provide a 300 GW total capacity system with 2030 and the technology 

availability based on 1990. The total overall efficiency for the reference system is 7 %, with an 

EOL of 30 Years. The power density on the ground was set to a maximum of 23 mW/cm2 at 

the center and one mW/cm2 at the edge, which is thought not to cause nonlinear interactions in 

the ionosphere. The area of the power receiving rectenna is 10 km in diameter in the equator 

with an area of 78.5 km2 [27].   
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2.1.1.3. Fresh Look Study 1997-1999 

The NASA project group studied a new approach to investigate and create a new SSPS 

system design. The report presents two unique designs with the 1990s technology; the Sun 

Tower and the Solar Disc.  

 
2.1.1.3.1. Sun Tower 

Sun Tower is an innovative design to lower the development and lifecycle cost. The 

design was first deployed in LEO and then transferred using elliptical Earth orbit. The design 

is capable of transmitting 100 - 400 MW using a single SSPS module. The Satellite 

constellation of MPT is characterized by its GHz frequency-based system, medium size, 

gravity gradient stabilizer, sunflower concept. The leaves are PV cells, and the Earth point face 

is the transmitter with a diameter of 26 m. A single transmitter cell is a hexagonal structure 

with a 5 cm diameter.  

 

Figure 2.3 Sun Tower design by NASA 
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capability is 10 degrees and the ground segment are approximately 5-6 km diameter in size, 

shown in Figure 2.5.  [30] 

 

Figure 2.5 Conceptual design of GEO based SolarDisc 

2.1.1.4. SERT SSPS Design 1999-2000 

 

Figure 2.6 SERT SSPS design  
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Figure 2.14 Sail Tower SPS 

 
2.1.4. China 

2.1.4.1.   Multi -Rotary Joints SSP (2015) 

China Academy of Space Technology proposed an MPT-based SSPS in 2015 to deliver 

1.2 GW of power from GEO based system. The architecture consists of multiple PV in two 

directions to transmit electricity with a 5.8 GHz frequency using a microstrip antenna. The 

thin-fil , GaAs-based PV cells with 40 % efficiency will be used for power generation, and the 

total power output will be 2.4 GW. The MPT system efficiency is estimated at 54 % with a 1 

km diameter antenna, consisting of 128,000 antenna module elements capable of transmitting 
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This WPT technology is currently used in mobile charging. In addition, the investigation and 

research on the far-field transmission, long-distance SSPS system, including MPT, LPT, 

electromagnetic waves, are underway as shown in Table 2.4.  

Table 2.4 Comparison of different WPT techniques [54, 55] 

Parameters Inductive 

Coupling 

Microwave Laser 

Distance Few 

millimeters 

Up to 100s km Few meters can be 

increased by highly 

intensive beam 

Transmitted Power ~ few W ~100s MW. ~100s MW. 

Efficiency Low High Medium  

Penetration (clouds/ 

fog/ rain) 

 Very High No 

Aperture size 

(transmitter and 

receiving antenna) 

Small Large Small 

Cost Economical Expansive Economical 

Safety (Biological point 

of view) 

Safe  Dangerous due to 

radiation but controllable 

Dangerous 

 

Most of the SSPS studies conducted by space agencies and private entities are based on 

MPT. It can transmit energy in cloudy or remote regions with higher transmission efficiency, 

an effect of extensive research in this area compared to LPT. In such a system, the PV cells 

generated power in DC and converted it into microwaves using magnetron and klystron with 

high beam efficiency.  

The Laser of an LPT can be generated from the solid-state laser diode and solar 

pumping laser generator. LPT undoubtedly shows the highest prospects for long-distance, 

slight beam divergence with high-energy transmission [56]. The receiving and transmission 
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could create dangerous situations. While much of the literature talks on microwave 

transmission, the laser has the same restrictions to provide acceptable levels of safety. The 

main difference between laser and microwave is its armament potential. 

Initial worries about the level of power returned to Earth were alleviated by the 

increasing usage of microwave power in communications, medical, radar, and industrial 

applications as well as the common usage of microwave ovens in households over decades. 

The beam falls below the harmful threshold even in the most intense area and under continuous 

exposure to the laser beam. Non-ionizing radio frequency power is conceivable; thermal effects 

should be modest but only approximately 1/4 the intensity of the transmitted beam. The mid-

range WPT bioeffects (5.8 GHz) investigations of NASA showed no significant risk of 

exposure. There are few interactions between the atmosphere and the power beam, and the 

possibility of harm is unknown. 

However, there are still specific concerns. Both microwaves and lasers, radiating 

beyond the visual region (e.g., IR lasers), are undetectable to the naked human eye. They are 

insidiously exposed to persons working inside and living around terrain stations, airplanes, and 

other aircraft such as ultra-lights and balloons and, presumably, to bird species. The "startle 

factor," or momentary blindness or blinding of airline pilots, is problematic for visible light-

lasers. Damage to birds and mitigation techniques may be incorporated in the environmental 

safety requirements in the broader environmental context. Harmonizing environmental security 

requirements among nations might effectively set an acceptable minimum threshold for WPT 

emissions, as found in other parts of the spatial activity and electromagnetic energy systems. 

Frequency and microwave safety are correlated. Higher frequencies make antenna 

dimensions and gains more attractive but at the sacrifice of the lowness of power. In addition, 

the higher the frequency, the denser and the stronger the beam, the more harmful. Consequently, 
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A satellite requires a continuous power source for the onboard sensor, maintaining 

altitude, telecommunication, and payload. The required power varies with size, orbital planes, 

altitude, functionality, and payload. For example, the international space station uses 75 to 90 

kW while generating 84 to 120 kW using four PV array sets. Figure 3.2 (a) illustrates the power 

generated and utilized by satellites in the last three decades. Figure 3.2 (b) shows the power 

generated by satellites in the last five years. Figure 3 indicates that most satellites operate below 

5 kW with a load of onboard operation and payload functionality. Therefore, most of the time-

space industry relies on PV arrays for power supply. However, it is expansive, having multiple 

losses due to wiring, blocking diode, mismatch, calibration, cover glassing, UV, micro-

meteorites, and temperature change [86]. The demonstrative mission of WPT will address the 

issues stated above, as discussed in the following [87].  

 

 

Figure 3.1. Satellites launched in space (a) 
nearby earth orbit (b) satellites in LEO 

Figure 3.2 Power generated by satellite (a) in 
last thirty years (b) in last five years 

 

(a) (a) 

(b) (b) 
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A functional block diagram explains the E-Sat and E-Orbit in Figure 3.3, where the E-

Sat subsystem and power conversion and transmission are explained in the architecture flow. 

With the combination of AOCS, GNC and OBDH system for operation of E-Orbit in LEO, 

with communication and Earth to orbit launch system. 

 

 

Figure 3.3 E-Sat and E-Orbit architecture function block diagram 
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Figure 3.6 E-Sat 2 top view, CAD model 

3.4.3.  Satellite Design 3 

The E-Sat 3 is an LPT-based payload system made of 3 units of 1 m3 structure with a 

two-sided PV cells array and multiple reflectors. The reflector is used for reflecting on the rear 

side of PV cells array system. Using a reflector will increase the power generation system while 

reducing the weight of the satellite explained below in the concentrator section. The reflectors 

used are in two designed concave mirrors and rectangular plates for precisely reflecting the 

concentrated solar radiation on the solar panel in the clockwise direction. The design is simply 

similar to the previous E-Sat 1 design. The changes in E-Sat 3 is the WPT propagation method 
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3.4.4.  Satellite Design 4: 

The design of E-Sat is based on 2020 technology that can be improvised with the idea 

of creating a system of compact SSPS to generate efficient energy using mirrors and a two-

sided PV cell array: the PV cell array attached on the backside will absorb light reflected from 

the mirror to generate even more electricity. A thermoelectric generator will maintain the 

thermal temperature of both PV sides, which will produce more than 2 % of electricity on one 

side and cool down the other side of the PV cells array and vice versa using a sandwich 

structure. The small reflector is placed precisely, focused on each back PV cell array to produce 

twice the electricity in DC form. LPT generally uses power transmission with 1064 nm, [77] 

direct pinpoint transmission with narrow beam Figure 3.9, shows the CAD model of the final 

E-Sat. The E-Sat weighs approximately 250 kg, and a fully functional E-Sat can generate 

electricity using a PV cells array. The thermoelectric generator and reflector will be attached 

to advance the capabilities of the satellite. The primary payload of E-Sat is a Laser system. The 

single E-Sat will cost approximately 10 million USD. 

 

Figure 3.9 E-Sat 4 CAD model 
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significance of this reflector, it is highly concentrated on a surface to generate heat which is 

used by the Brayton system as shown in Figure 3.11.  

Planner: the planner reflector uses the same PV array size to reflect irradiance on PV. 

 

3.5.2. PV array 

In general, most space missions use PV cells for primary or secondary power generation 

systems. The battery combinations give continuous power supply to SC while orbiting around 

Earth or during interplanetary missions. The EPS of SC includes a power generation unit, 

storage, and distribution system. The PMAD system of SC makes power control easier. On the 

other hand, installing multiple solar panels on large structures such as SSPS will increase the 

weight, and thus the cost of satellites. Making a compact and in-pack design of solar cells 

requires mechanical moment, design complexity, reliability, and increased risk factor. The 

design of SC PV cells depends on the available light to SC, also called solar intensity, which 

varies with the inverse square to the distance of the Sun to the SC.  

 

Figure 3.12. Spectral response of some PV materials. source [73] 
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3.6.2. Laser Power Transmission Subsystem for E-Sat 3, 4 

The Laser based payload system is used in E-Sat 3 and 4 with 50 LD of 200 W each. 

The detailed and historical laser transmission experiments are described in chapter 2. In this 

section, the subsystem is emphasizing the mechanism of the 10 kW LPT system. Transmission 

of power requires a secure and ideally establishment in the orientation of E-Sat concerning the 

customer satellite by the transceiving signal from the aiming and pilot signal subsystem.  

The E-Sat sends a pilot and beacon signal to the customer satellites using a continuous 

laser pulse to verify a secure connection across the distance. The generated DC power is 

rectified and sent to the laser driver circuit to solid-state diode to generate a high-power laser 

Figure 3.18 Laser Power Transmission subsystem 

Figure 3.17 Schematic diagram of Microwave Power Transmission System 
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The most commonly used Laser is Nd: YAG laser, consisting of a diode with a plugin 

efficiency of up to 80 % at 795 - 850 nm. A combination of thousands of laser diodes allows 

more power transmission accuracy and efficiency in extensive power transmission. 

The lasers must be coherently arrayed at the source, or their beams may be incoherently 

combined at the receiver site. Generally, the diodes must be arrayed coherently and combined 

efficiently for transmission [82]. As a result, the LPT system is not yet mature enough and has 

low transmission conversation efficiency than the MPT system for high power transmission, 

as shown in Figure 3.20. However, the LPT system can have long-distance transmission 

compared to MPT [83].  

 

Figure 3.20 Generation and Transmission of Power between MPT and LPT 
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Figure 3.23. Laser Driver Diode Circuit 

The following Figure 3.22 is the schematic circuit design of two LD with an amplifier, 

DAC IC, and pulsed trigger circuit as the driver circuit. The circuit containing a feedback loop 

for a voltage-driven system to fill  the transmission requirement can be seen in Figure 3.23.  

Figure 3.22.  Radiant Output Power vs. Operating Current 
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allow for the magnetic field breakdown before obtaining any data. The magnetometer's location 

must be carefully considered. It must be situated away from any potential sources of noise. As 

a result, they are frequently seen at the extremities of extendible booms. 

 

3.8.4. Gyro 

Gyros are used to calculate a vehicle's angular rates without the requirement for an 

external or objective reference. If a spacecraft's attitude is measured using an earth or sun 

sensor, the angular rates of the satellite's primary axes may be calculated by subtracting the 

sensor's angular position data. If  the spacecraft encounters an eclipse, this will be an issue since 

it will no longer be feasible to determine the satellite's attitude and control it without using 

gyros-rate sensors. Another purpose for employing gyros-rate sensors is to regulate a 

spacecraft's angular rate and its angular location. While differentiating angular position with 

satellite other sensor creates noisy data, which further affects the AOCS feedback system. 

Gyros are mostly made of spinning wheel to create the rotating moments of inertia inside the 

SC. The other drawback of is gyro sensor is that its moving parts limit its operational lifetime. 

However, laser gyro, fiber optic gyro, and quartz rate sensors provide fewer noise data and a 

long lifetime. The noise is also dependent and inverse proportional to the range of measurement, 

less range higher accuracy, higher range lower accuracy. It is used in a cluster as one per axis, 

and the fourth one is for skewed configuration for redundancy. The cluster is called the inertial 

reference unit.   

 

3.9. Attitude Control Actuators  

The actuators are used for controlling the spacecraft in a feedback loop of AOCS 

sensors.  This system controls the spacecraft and maintains a perfect orientation, attitude, and 
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battery status, the temperature of satellite, ACSS position, nearby satellite close approach and, 

fault management status to the ground-based segments. C&DH is also responsible for the 

cybersecurity, processing unit and SC subsystems health monitoring, up-downlinking of 

satellite [100]. All E-Sat work with the command passes through the Earth station transmitting 

and sending signals to E-Sat. A secondary station by another nearest satellite can be used to 

find the exact location of the new satellite using the pilot as a reference and handling 

communications traffic with QPSK modulation. 

  

3.14. Handover and Interlinking of Satellite 

Nowadays, interlinking and handover of LEO satellites are very much used for fast 

telecommunication between satellites and any point on earth station with the lowest latency. 

The handover can be achieved by Spotbeam, link layer, satellite, ISL, network layer, inter and 

intra. The hard and soft signal diversity, gateway and inter-system handover mobile station can 

reach a terrestrial network again which might be cheaper, has a lower latency.  

 

3.15.  Thermal Control Subsystem 

Before launching any spacecraft in space, it is necessary to calculate and adequately 

analyze the thermal entity. The thermal control subsystem is an essential component of both 

spacecraft and instruments, keeping the temperature within the range needed to function 

correctly. The thermal control is achieved by balancing the energy emitted by the satellite as 

IR radiation against the energy dissipated by its internal electrical components plus the energy 

absorbed from the environment; atmospheric convection is absent in space. Establishing a 

thermal design for a satellite is usually a two-part process. The first step is to select a thermal 

design for the satellite's body, or primary enclosures, to serve as a thermal sink for all internal 
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 Table 3.15 Thermal performance of Satellite subsystem 

Subsystem min (°C) max (°C) 

Solar Panels -100 150 

VHF-UHF transceiver -40 85 

EPS -40 85 

OBC (CPU) -40 85 

ADAC -20 85 

Batteries 0 85 

Laser 10 150 

Microwave Transmitter  -40 85 

Camera 0 60 

Digital Electronics -20 70 

Analog Electronics -20 70 

IR detector -269 35 

Solid-state Particle detector -35 35 

Momentum wheel -20 70 

 

The only way to extract heat from a satellite is by removing heat from the radiator's 

surface to space. Traditionally, conventional louvers have been used to monitor the amount of 

cooling for a fixed-size radiator. The E-Sat system required a specific cooling and thermal 

dispersion system to continuously maintain temperature across the laser subsystem and 

electronics circuit as it is a 10 kW laser producing a pretty significant amount of heat. 

Maintaining the proper heat flow will require monitoring the cooling system across all 

subsystems, including Laser, OBDH, AOCS, and circuitry. It can be optimized and controlled 

by extricating heat using a heat sink, radiator, and other methods.  There are two types of 

thermal control systems:  

The ATCS uses a mechanically pumped fluid to perform heat transfer. Although this 

approach is more complex, the ATCS can handle much greater heat loads and provide a higher 
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Figure 3.42 Temperature monitoring circuit 

 

3.16. Orbital Perturbation Parameters  

The E-Sat in orbit is experiencing the perturbation from different elements in orbit, 

likewise J2, J22, LGA, SGA, SRP, and drag due to atmosphere. The atmospheric drag is one of 

the most significant factors for deorbiting any spacecraft in LEO. While the SSPS system with 

mega construction in orbit placed in GEO experience massive perturbation due to the SRP and 

SGA. Using Figure 3.39, atmospheric drag highly works on the LEO satellite. As the altitude 

increases, the density of the atmosphere decreases. While SRP is constant, the SGA and LGA 

gave high perturbation near Earth with high altitudes. With the use of the Astrolib package 

designed by Professor Dr. T. Hanada, the perturbation is calculated for the 250 kg E-Sat at 900 

km, and the test is run for the SSO orbit with an inclination of 98.6 ° using JAXA based model 

system for 2010 - 2011 condition as shown in Figure 3.41. 
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Figure 3.45 LGA and SGA effects on E-Sat for one year 

 

Figure 3.46 Atmospheric Drag on E-Sat for one year 
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Figure 4.2 A timeline of E-Orbit Mission 
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 This experiment can use orbital maneuvering and thrust generation for active debris removal 

missions and orbital transfer. In the future, the satellite can be quickly transferred using laser 

thrust from LEO to MEO, GTO, and follow on as shown in Figure 4.4. 

 

Fig. 4.3 Satellite to satellite laser power transmission mission architecture. 

  

Figure 4.4 Orbital Transfer using phase 1 of E-Orbit 
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redundancy. The spacecraft bus is customized and can be launch from the above-provided 

launcher services. Kyushu University operates ground communication and mission operational 

systems.  

 

4.3.2. Phase 2: Creating a Constellation of Five E-Sat at SSO.  

The first E-Orbit will be created in SSO with an altitude of 900 km, at an inclination of 

98.6�¹, and all five satellites are separated 72 �¹ apart from each other. All E-Sat will generate 

power 24
H7 for a year with a mission life of a minimum of 5 years to support ten satellites 

within a 500 km radius at any time. These conditions are ideal for satisfying the LEO and SSO 

based satellites, as the Figure 4.5, 4.6, and 4.7 show the SSO based are satellite are more 

inclined near 95-100 degree and most of this satellite are generating power for operation of the 

satellite are bellow 500 W and this are microsatellites. 

 

 

Figure 4.5 Satellite in SSO with the inclination 
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will be around this section, the power generated from this satellite can be seen in Figure 4.11. 

Most satellites in LEO utilizes a low power payload system due to the altitude and period of 

rotation around Earth and the eclipse region. Most of this satellite is a microsatellite, as shown 

in Figure 4.12. 

  After establishing SSO E-Orbit, a mini constellation of E-orbit will be created to satisfy 

the demand of power around this orbit with another six orbital planes created with 35 E-Sat in 

all seven different planes around 900 km altitude with an inclination of 98.6, 0, 45, 135, and 

eccentricity of 0, the circular orbit. The RAAN as 300, 0, 25, 45, 156, 260, and E-Sat has 

separated by 72 degrees apart from each other, as shown in Figure 4.13. Figure 4.13 (a) shows 

that the 500 km radius using cyan color and pink line links with customer satellite while 

orbiting in 900 km E-Orbit.  

 

 

 

Figure 4.11 The power generated by Each LEO based Satellite 
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power transmission.  With the 35 E-Sats, the satellite has to powerfully transmit the power for 

up to 9,000 km to satisfy all the LEO active Power transmission. 

 

Figure 4.14 Distance of Dummy Satellite During 1 Year Time to E-orbit (35 Satellite) 

The formation flying of mini E-Orbit shows that the continued interaction with a 

Dummy Satellite during the 1-year time to E-Orbit is minimal while in LEO, as shown in Figure 

4.15. On the other hand, the availability of E-Sats is more likely available during the one-year 

simulation, as shown in Figure 4.16. 

 

Figure 4.15 Interaction to a Dummy Satellite during the 1-year time to Mini E-Orbit 
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Phase 3 can only satisfy 70 active connections and 100 support missions. However, 

with an increasing number of constellations, the new format of the entire orbital system is 

required with a minimum of 1,238 E-Sat to orbit. Nevertheless, developing a constellation of 

1,600 E-Sat across the Earth will provide a constant and continuous power supply of 10 kW in 

the range of 500 km using LPT-based E-Sat, as shown in Figure 4.17. The customer satellite 

will just have to carry a rectenna without worrying about limitations in power supplies. A single 

customer satellite will be attached constantly with three conjugative satellites for better 

transmission. If necessary, satellite connections can be increased for larger power supply. 

Figure 4.18 shows the utilization of E-Orbit in Orbit for one day, and its self-interaction with 

a dummy customer satellite rotating nearby E-Orbit provide the data interaction with the E-

Orbit. The distance covered to allow the satellite to interact from the 900 km altitude to the 

customer satellite can be seen in Figure 4.19.  

 

Figure 4.18 E-Orbit interaction to dummy customer satellite for a one-day 
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Figure 4.21 The distance between customer and E-Orbit Satellite range for one month 

The new startups and researchers will not have to worry and trade-off the technology 

and payload for the power generating unit. They can rent electricity from E-Orbit. It will also 

lower the project's cost. Furthermore, renting electricity will minimize losses occurred from 

power management systems even if the mission fails. Typically, a cube satellite 1U power 

system will cost from 3,000 USD to 8,000 USD. Using E-orbit will also provide more space 

opportunities for research and space sustainability. The distance of the entire operation satellite 

is less than the 700 km range to cover for LPT can be seen in Figure 4.22. Moreover, the 

satellite's view angle when interacting with any customer satellite can be seen in Figure 4.23. 
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Table 4.2 E-Orbit basic functionality 
Sr. 
No. 

Requirement The factor which Typically 
Impacts the Requirement 

S2S SSPS System 

FUNCTIONAL  

1. Performance The primary objective, 
payload size, orbit, pointing 

Transmission of power (min 10 kW) 
The solar array of 54 m2 
and 112 m2, SSO, multi- 900 km 

2. Coverage Orbit, number of satellites SSO 900km 
Min 5 E-Sat, Max 1,600 E-Sat 

3. Responsiveness Communication architecture, 
processing delays, operation 

Real-time data transceiving system 

4. Secondary 
Mission 

For mother-daughter 
experimental satellite 

Debris 

OPERATIONAL  

1. Duration  Experiment or operations, 
level of redundancy 

20 years 

2. Availability  Level of redundancy 0, available for 24
H7 
3. Survivability  Orbit, hardening, electronics Natural environment only 
4. Data 

Distribution  
Communication architecture Real-time communication between 

satellite to satellite and ground 
stations 

5. Data Content, 
Form, and 
Format 

User needs, level, and place 
of processing, payload 

Across energy orbit up to 10 kW of 
power 

CONSTRAINTS 

1 Cost Crewed flight, the number of 
SC, size, and complexity of 
orbit 

14 billion USD 

2. Schedule Technical readiness, 
program size 

Three years of final operating 
capability in 4 years, 2024 

3. Regulation Law and policy LPT regulation 
4. Political Sponsor, government On public demand 
5. Environmental Orbit, Lifetime Natural 
6. Interfaces Level of the user and 

Operator infrastructures 
To the sponsor and distributed 
between satellite users who will use 
E-Orbit 

7. Development 
Constraints 

Sponsoring organization They are launching by the 
international collaboration of space 
agencies to creating a unified E-
Orbit. 
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debris of sizes approximately equal to a baseball orbit the. Approximately ten explosions are 

due to batteries or an energy management system. Prof Toshiya Hanada investigates the study 

of debris created by energy storage. There are very old satellites in GEO that become debris or 

inactive within a few years and become dangerous for the space environment.  

 

 

Currently, many government and private companies are coming up with ideas for debris 

removal systems. For example, Japan-based company Astroscale uses a chaser in LEO-based 

satellite and docking using a magnetic capturing method by End-of-Life Service by Astroscale 

demonstration or ELSA-d project launched in 2020. The ClearSpace is used for dead satellites 

to capture and remove the debris from outer space. European Space Agency uses the net system 

to capture satellites and remove the big dead satellite from space. However, similar to the E-

Figure 4.24 Space debris across near-Earth environment 
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degrade any satellite within two weeks, with high safety and avoiding any collision, crating 

any fragments and close approach.  

Two components are needed for such an ideal debris removal system. First is the target 

debris/ object and the propagator model. Currently, at SSDL, the LEO, GEO, and NEO are 

already investigated and crated. However, an HEO-based debris model is also required. The 

above section of orbital maneuvering explains how to use an LEO-based launching system to 

transfer a satellite in GTO/ GEO via the HEO propagation method that required an HEO 

propagator from E-Orbit. As the example of the HEO system, the probability of debris entering 

HEO is relatively high. If a collision occurs in GEO and LEO, this debris with different 

perturbation and velocity can enter elliptical order and become stay as debris in HEO. If  a 

breakup occurs in an HEO, the error significantly affects the fragment's semi-major axis and 

eccentricity; therefore, improvement of close approach analysis or development of a new 

estimation method is an urgent task [104].  The investigation of HEO is significant as the HEO 

is also used for LEO, geostationary transfer orbit, and moon transfer orbit. Research on the 

HEO-based model is essential for safe, secure, and sustainable space research and investigation. 

Using experimental-based simulation can be created to scale down the fragments of artificial 

Figure 4.25 (a) View of Iridium 33 and Cosmos 2251 orbit and debris 10 min post collision, 
and (b) 180 min post collision 
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perturbation are applied space objects as explained in Chapter 3 concerning the E-Sat model. 

If an object is in HEO, it is difficult to measure using the above force model. The objects/ 

debris moving fast at low altitude but slow at high altitude will get different perturbation forces 

with time. The study of debris in HEO is not carried out precisely. The study and creating the 

first HEO orbital model will benefit all force models for safe, secure and sustainable space 

launch. To carry out a mathematical simulation to create a perfect model for the HEO-

Propagator: HEO Debris calculation model for accurate propagation, conjunction analysis, 

close approach, and collision probability. The current numerical approach-based model takes 

a long time with the help of an evolution integrated HEO-Propagator. It will give fast and 

accurate results to create better NEODEEM. HEO-based future projection is critical and 

helpful to track lost fragments that get high inclination or enter an elliptical orbit. As phase 1 

of E-Orbit is S2S LPT demonstration mission will be used to analyze power transmission from 

E-Sat to daughter satellite and LPT efficiency concerning distance in HEO. At the same time, 

a CMOS and LiDAR-based debris detection payload will be added to create the perfect HEO-

propagator model. In this, the sensor will continuously follow HEO and recharge at the LEO-

based E-Sat. It will give excellent results for future LPT, laser thrust, and orbital transfer using 

HEO. A secure and reliable place for sustainable space application.  

GEO satellites have many advantages and functionality for emerging nations. GEO 

satellite uses a stationary positioning and is essential for continuous service over a specific 

region, while HEO satellite provides more information during the approach to, and descent 

from, apogee. Bodies moving through the long apogee appear to move slowly and remain in 

high altitude over high latitude ground sites for more extended periods. This solves the GEO 

latitude problem. HEO is an elliptical orbit with high eccentricity used by telecommunications, 

navigation, and environmental study satellites. For example, the Molniya and Tundra orbit 

(used mainly by Russian and European space agencies) is used in the arctic region for hydro 
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will allow stabilizing an entire city without relying on a nuclear generator or solar panel will 

allow mobility and continuous power transmission even during sandstorms. 

 

4.10. Recommended Space Law and Policies for E-Orbit  

The E-Orbit will elevate the dependency of PMS and resolve the space debris problem 

from space. The system provides potential benefits over the space traffic management to space 

utilization resources, interstellar travel, planetary defense system. The utilization of the Laser 

system for space application comes with the responsibility to share the space environment with 

other parties safely. This can include the intentional and non-intention misuse for the war 

creation scenario in space using a Laser system. the awareness of planetary protection and 

withstand cooperation within the member parties, national, international government to 

understand and awareness for the usefulness of the LPT system for humankind. Within the next 

decade, the number of satellites around Earth will increase by more than 80,000 satellites. The 

satellite conjunction and close approach between satellites will be a big task to resolve, with 

the stand to traffic management provide the new technology to demonstrate the space resources.  

The satellite-based ranging system will provide benefits over the space sustainability over the 

mega constellation designing. In LEO, drag plays an essential role in pulling the satellite 

towards the Earth, using a Laser-based propulsion system that can provide significant clean 

propulsion energy to any requested satellite. The projected modeling by 2029, there will show 

2.5 million collision warnings, and to solve this, the E-Orbit can play a substantial role. Another 

important finding is that approximately 23,00 near-Earth asteroids and approximately 100 near-

Earth comets are recorded by 2020. The planet protection agency is looking for a hazardous 

system that can create a catastrophic event on Earth. Using Laser technology can be used to 

protect the unidentified foreign object or registered foreign object to stop or change the impact 

direction using the Laser propulsion system. The E-Orbit Moon and Mars will provide an 
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Chapter 5 

Interplanetary Energy Orbit  

 

5.1.  Interplanetary Mission 

It is the nature of humankind to build beyond what is perceived and pursue the 

unimaginable; ancestors migrated to all corners of the Earth, created settlements, constructed 

vast cities, started industrial revolutions, and visited the gray satellite of Earth, all from one 

basic sentiment: curiosity. It has led us to surpass the limits of humankind, one hallmark being 

the launching of the first artificial satellite Sputnik by the USSR in LEO on October 4, 1957, 

which spurred the launching of thousands of satellites into space and across the solar system 

for a variety of purposes. The search for a new habitat prompted the mission to the Moon Luna 

2 in 1959, and currently, the Mars 2020 Mission, Perseverance rover, and the Ingenuity 

helicopter drone, 2020. Such missions to the Moon and Mars require continuous electric power, 

especially with discovering water on the Moon through the Chandrayaan 1 mission using the 

Moon Mineralogy Mapper M3 [110]. The success of the ISRO would be the turning point for 

future Moon outposts on the south and north pole.  

 The Moon has 14 days, nights, and 14 days of sunlight, making it difficult to establish 

a permanent base without a nuclear reactor or large battery storage capacity. Moreover, the two 

polar regions of the Moon have permanent shadows for several months. With the current 

battery technology, only nuclear energy or a stored battery pack will be able to fully fuel 

research across the far Dark Side of the Moon. It is appalling that power storage technology 

has not improved since the first satellite to date. Thereby, we propose that the WPT will play 

an essential and significant role in exploring lunar night and the far side of the Moon. 
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 On the other hand, the solar irradiation on Mars is significantly reduced than on Earth 

due to the extended distance from the Sun. Thereby, most Mars missions that depend on nuclear 

reactors or photovoltaic cells would generate significantly lower power at the surface due to 

sandstorms and reduced sunlight. Current power generation and management technology, 

consisting of nuclear reactors and photovoltaic battery cells, are insufficient to power a habitat. 

Thereby, this paper discusses using a constellation of small SSPS to provide a constant power 

source via WPT to the Moon/Mars orbiter, habitat stations, rovers, and UAV, regardless of 

location or time, or the presence of light [111]. This expands into alternative possibilities of 

mobile habitat systems in the South Pole {Aitken Basin at the Moon [112], or even on Mars. 

The SSPS constellation will be referred to as E-Orbit, Moon, and Mars, E-Orbit Moon and E-

Orbit Mars, respectively. 

The leading technologies used for delivering wireless electricity involve microwaves 

and lasers. WPT microwave technology has had a significant amount of scientific research, 

development, and testing conducted to advance frequency range use with high efficiency. 

Moreover, far-distance transmission using such technology is highly discussed around the 

SSPS community [113]. Recently, Japan and the USA have already performed several 

experiments using lasers for far-field transmission. Meanwhile, the laser WPT system as an 

energy source on Earth has drawbacks such as scattering and divergence due to its high-density 

atmosphere. However, it would play a significant role in Moon missions, as the Moon contains 

an exceptionally low atmospheric density at 1,000,000 molecules per centimeter cube, 

considered a vacuum on Earth. The density of the atmosphere at the Moon's surface is 

comparable to the density of the outermost fringes of the atmosphere of Earth, where the 

International Space Station orbit lies [114]. The laser WPT can pass directly without 

divergence or scattering caused by clouds or any atmosphere. The E-Orbit satellite will take 

advantage of the Moon's low atmospheric density for directing a pinpoint laser beam for 
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continuous power supply missions on the Moon and the surface of Mars. The Moon and Mars 

E-Orbit will be discussed in this paper. 

To date, humankind has sent numerous research-oriented orbiters, landers, and rovers 

to the Moon, Mars, and on asteroids. All missions consist of general tasks, including various 

operations, analysis, and transmission of research data back to Earth. Simultaneously the 

compression of traditional power generation methods for the orbiter, lander, and habitat on 

Mars and the Moon. The interplanetary mission where the space engineers work on the satellite, 

conceptual design of space habitat, and exploration system. State of the art in those missions 

relies on the radioisotope thermoelectric generator or solar panel attached with batteries to store 

power, plagued by certain limitations. Such tasks require power generation and management 

source units. The systems are bulky and have limited functional capacity and lifetime, further 

affected by unique space environments. For instance, when a spacecraft moves away from the 

Sun, energy collection efficiency on the solar panel reduces. If the temperature drops below -

100 Celsius, the attached solar array shows deteriorated performance than expected due to the 

unpredictable degradation of individual solar cells. The far side of the Moon has 14 days of 

continuous darkness. On Mars, the incessant sandstorms and further distance to the Sun 

decrease the efficiency of concurrent power generation technologies.  

Besides, these power generation unit satellites carry a pack of batteries to store energy, 

and the total system makes more than 10 �± 25 % of the mass of the satellites. In hindsight, 

space solar power satellite serves a potential for a better energy transmission source than the 

traditional method. Space agencies have already studied space solar power station design 

concepts for gigawatts wireless power transmission systems from space to Earth to fulfill 

global electricity demand. Nevertheless, another field where space solar power satellites can 

be applied is for rovers and habitats, as shown in Figure 4.23. On Mars, rovers experience 



Chapter 5 
Interplanetary Energy Orbit 

 172 

difficulty collecting sunlight due to sandstorms affecting energy collection at the attached solar 

panel. 

Moreover, the rovers must investigate at the far side of the Moon, where sunlight is 

unavailable for a few days. This challenge can be suitably overcome by employing space solar 

power satellites, which can be used for wireless power transmission, independent of its location. 

Such techniques have possible applications towards power transmission for unmanned aerial 

vehicles for faster mapping purposes. As such, the dependence of those aerial vehicles towards 

fixed energy storage becomes alleviated. This chapter advocates the design and usage of a 

constellation of small Space Solar Power Satellites as Energy Orbit for future habitats, orbiters, 

rovers, and unmanned aerial vehicles for fast mapping, research, and investigation. The idea of 

Energy Orbit and how it will increase the lifetime, payload capacity, and reduce the mission's 

cost. 

 

Figure 5.1 Conceptual design of E-Sat for powering Interplanetary Mission 
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5.2.  Wireless Power Transmission for Interplanetary Mission 

In general, an effective WPT must firstly enable transmission through the atmosphere, 

secondly, be a simple design with a directional emission, and thirdly, be easy to convert from 

an energy source (e.g.}., solar, electricity, heat) to its transmittable form ({e.g.}., Laser, 

microwave) and be able to convert back into an electrical energy form. By these standards, 

MPT is superior to laser power as the former has been highly researched incredibly for long-

distance transmission [18, 19, 54]. MPT can be transmitted in more dense atmospheric 

conditions compared to LPT. However, the Moon has a low-density environment, and 

eventually, missions for colonizing Mars would need a continuous power beam where LPT 

will perform a significant role for interplanetary WPT [74]. 

 

5.3.  Power Transmission from Satellite to Receiving Site 

The previous section chapter the SSPS concept for Earth. The space utilization of WPT 

is still in development, and the conceptual design needs verification and demonstration. 

Therefore, a small SSPS will fill the gaps in the demonstration of technology [113]. The 

interplanetary mission can utilize the primary SSPS concept to demonstrate the feasibility of 

design and efficiency by using a small SSPS design to use WPT to connect with rover and 

orbiter on the Moon via an LPT-based system in Figure 4.24. 

This system is designed in Space System Dynamic Laboratory, and the small SSPS are 

called E-Sat. The system will be generated and transmit approximately 10 kW of energy to any 

receiving site. The primary rectenna system can be used as PV cells of a rover, lander, and 

orbiter. It will provide continuous power to the remote location and inside the crater. The 

satellite is a 54m2 PV solar panel with an efficiency of 30% to collect solar irradiance on the 

PV cells. The satellite will demonstrate the uses of power capability with performance to 

demonstrate the next generation of SSPS for the Earth. 
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Figure 5.2 SSPS conceptual design for Moon Mission 

 

5.4.  Problem on Interplanetary Mission 

The SSPS conceptual mission plans and different types of design that will solve 

significant earth problems are discussed and highly researched in the scientific community and 

space agency. JAXA, CNSA are trying to design and place it by the 2030s. However, in the 

present scenario, going back to the Moon and Mars will need continuous non-disruptive power 

sources with mobility capability. The SSPS design for an interplanetary mission will help 

investigate the Moon, Mars, and asteroid. It will play an essential role in exploration and for 

the deep space mission. This section describes why SSPS is important for Moon, Mars, and 

Orbiter around Earth. 
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5.4.1. Moon 

The Moon plays an essential role in investigating and creating a permanent habitat 

station for further interplanetary traveling. USA, Russia, India, and China sent their rover to 

�W�K�H���0�R�R�Q�¶�V���V�X�U�I�D�F�H���W�R���V�H�D�U�F�K���I�R�U���W�K�H���Z�D�W�H�U�����D�Q�G���W�K�H���&�K�D�Q�G�U�D�\�D�D�Q-1 component M3 has detected 

OH/H2O on the uppermost surface of the Moon [115]. The most habitable place on the Moon 

is the polar region and crater over there. However, most of the craters are in the permanent or 

few months of the shaded region. The temperature over in the crater is lower than compared to 

other parts of the surface. The LCROSS mission was to detect hydrogen concentration using 

LEND on the LRO spacecraft collected data and send back to Earth. The data collected at the 

Cabeus crater, using an impactor, showed the highest number of hydrogen concentrations in 

the South Pole of the Moon. Data suggests that 0.5 to 4 % of water exists in the form of ice 

[116]. Finding water molecules on the Moon opens a new way to sustain and develop an outpost 

for research and create a permanent station for an interplanetary mission. However, the 

temperature in the craters is cold, and due to the lack of sunlight for a few months, we will 

need a continuous power supply of power to heat the habitat module. Figure 5.3 shows the 

temperature in a South Pole crater at daytime, nighttime, and an annual average temperature 

by LCROSS; the white dote in the figure in D section is the captured ice module inside the 

crater. 

Moreover, data suggests that the solar wind from the Sun implanted helium3 on the 

moon's surface. As the atmosphere on the Moon is negligible, the surface has a layer of the 

precious elements at the far side Maria region and includes TiO2 near the surface side mare 

region on the Moon. The helium three on Earth is rare, and it is approximately 20 tonnes. It is 

a radioactive element used as a fusion reactant, with a high potential to fuel the rocket for a 

deep space mission [117]. A few companies started the space-mining project. Mining in space 

will require a continuous power supply to support prominent mining instruments. Besides, 14 
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days of sunlight and 14 days of darkness limit the capability of landers and rovers for exploring 

on the surface. However, space agencies are using modern RTG for providing sufficient 

electricity to run equipment on the surface. The RTG has limited functionality and increases 

the payload of the rover. The rover uses photovoltaic cells that only generate electricity during 

the peak time. The solar irradiance at the Moon is similar to near-earth orbit 1365W/m2; 

however, the generation time is only limited to 14 days with peak time. To stabilize a habitat 

and research in the crater will need continuous power generation and management units. 
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Figure 5.3 Maps of measured and model-calculated surface and subsurface temperatures in the 

lunar South Polar Region. The outer circle on all maps is 80° south latitude. Observations were 

acquired between 6 September and 3 October 2009 as the Moon approached the southern 

summer solstice. (A)Diviner-measured daytime bolometric brightness temperatures were 

acquired between 11.4- and 13.6-hours local time (5). (B) Diviner-measured nighttime 

bolometric brightness temperatures acquired between 21.41- and 1.66-hours local time (5). (C) 

Model-calculated annual average near-surface temperatures and the location of the LCROSS 

impact in Cabeus Crater. (D) Model-calculated depths at which water ice would be lost to 

sublimation at a rate of less than 1 kg m�í�� per billion years. The white regions define the 

locations where water or ice can currently be cold trapped on the surface, the colored regions 

define the upper surface of the lunar ice permafrost boundary, and the grey regions define 

locations where subsurface temperatures are too warm to permit the cold trapping of water ice 

within one of the surfaces. Source [118] 

 

5.4.2.  Mars 

Problems on Mars are significantly higher in comparison to the Moon. Mars is the 

fourth planet in the solar system. The distance from Sun to Mars is approximately 

210.96 million km. Due to this, the photonic energy on the surface and in orbit is significantly 

lowered; the solar irradiance on Mars is around 590 W/m2. Moreover, the peak time for power 

generation using PV cells is only two hours. Due to this, most Mars missions rely on RTG. The 

RTGs provide significant power to run avionics for small research-based rovers or landers. For 

�H�[�D�P�S�O�H���� �W�K�H�� �5�7�*�V�� �R�Q�� �0�D�U�V���������¶�V�� �3�H�U�V�H�Y�H�U�D�Q�F�H�� �U�R�Y�H�U�� �X�V�H�� �0�0�5�7�*�� �W�R��deliver 110 W for 

functionality. Curiosity is using 100 W while a lifetime of 10-15 years, and due to the use of 

radioisotope as fuel, it degrades by a few percent per year. Mars sandstorm would most likely 

cover the solar panel, which significantly stops the power generation unit on the rover. 
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The colonization of Mars is becoming more popular. Space agencies proposed different 

structures and mission planes to becoming an interplanetary species. The first step is to create 

an RLV. SpaceX already demonstrates and started a transportation system between Earth and 

ISS using the Falcon series. They are in the progress of making a considerable rocket call 

Starship. SpaceX plans the Starship will carry astronauts and civilians to mars to establish a 

fully functional city.  The United Arab Emirates space agency already started to research 

building an entire city on Mars by 2117. The Mars500, Sirius, and Mars Desert Laboratory are 

already investigating the possibility and challenges for living on Mars by long-term analog 

astronaut mission. 

However, the designing of habitat and an entire city will need continuous power of 

energy. The small RTGs will not full fill the demand of the habitat system. The GW modern 

nuclear power plant will be the option for Mars city. However, it is dangerous to carry a 

significant amount of radioisotope using a rocket. A sufficient electricity system will require a 

renewable, safe and continuous power supply that is also mobile. To make Mars a habitable 

place for thousands of people.  

 

5.4.3. Orbiter  

ISS, satellites, and orbiters require a continuous power supply for on-running avionics 

and payload. The ISS alone is a size of a football ground. However, the solar array takes more 

than half of its size to produce 120 kW to maintain functionality. The agency plans to make 

lunar Gateways and Artemis project for a fast way to occupying Mars. The Artemis will require 

approximately 100kW to sustain and maintain the mission outside the Earth orbit. 

The orbiter and satellite in the near orbit of the Moon and Mars use a solar panel to 

produce electricity to sustain the avionics and payload for scientific data collection and 

communication between the lander. However, in a shadow region or when sunlight is 
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unavailable, RTG must be used to go back to the dark side or during the eclipse. The total 

power generation and management unit take up approximately 10~25% mass of any satellite, 

including batteries. Using WPT and SSPS, all the above problems can be solved. It will provide 

continuous, undisruptive power with more mobility to use the high payload capacity. For this, 

the concept of SSPS can be applied not only on Earth but for the interplanetary mission, as 

discussed in this paper.  

 

5.5.  Power Management for Interplanetary Mission 

 The Sun is a big power hub, luminating a tremendous amount of energy with the 

luminosity being approximately 3.827 x 1026 W/second. Nearby the Earth's orbit, the solar 

irradiance is approximately 1360 W/m2 with slight changes according to the distance. The Earth 

rotates around the Sun following an elliptical path with distances between 147 million km to 

152 million km to the Sun. Meanwhile, the Moon also follows an elliptical orbit around the 

Earth, sometimes getting as close as 363,000 km, and other times as far as 406,000 km. 

 The closest point that the Moon can get to the Sun is when the Earth is also at its 

closest point in orbit to the Sun, and the Moon is the most distant from the Earth. The nearest 

point that the Moon can get to the Sun is 146,692,378 km, while the furthest distance of the 

Moon would be 152,503,397 km. This indicates the importance of power generation using 

SSPS in the Moon orbit and at the Lagrange point. However, the power generation can occur 

only in daylight time when it phases towards the Sun. On the other hand, on Mars, the solar 

irradiance on the surface of Mars in the afternoon with maximum sunlight is 590 W/ m2, 

equating to the Sun's intensity at Earth at 36 degrees. The distance is too large compared to 

Earth and Moon with 208.23 million km from the Sun. Besides, Mars has continuous 

sandstorms at its surface, which would affect the current power generation systems. Similarly, 

the average temperature on Mars and the Moon is -63 �¹C and ranges from 107 �¹C to -153 �¹C, 
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respectively, making it a unique challenge to mandating a thermal unit and power generation 

system that can avoid heating effects. At the same time, the habitat would need to maintain 

standard temperature to stay alive. Thereby establishing habitats away from Earth would 

heavily rely on a continuous power source. 

The small SSPS constellation- E-Orbit will generate continuous power 24 x 7 on the 

Moon even when it is on the dark side. The constellation is designed to produce power and 

transmit energy from one satellite [15] to the other even when they are not in direct sunlight. 

 

5.6.  Energy Orbit for Interplanetary Mission  

 E-Orbit is an LPT-based small SSPS constellation. It consists of 6-7 planes depending 

on the planet or celestial body, with five satellites in each orbit, 72 degrees apart from one 

other. The power is generated and transmitted to all energy satellites in orbit using PV cells. 

The E-Orbit for Moon and Maras can be seen in Figures 4.26 and 4.27. 

 

 

Figure 5.4 E-Orbit satellite constellation for Moon simulated in Systems Tool Kit 

(a) E-Sat constellation in orbit (b) Satellite tracking on the surface 
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Figure 5.5 E-Orbit satellite constellation for Mars simulated in Systems Tool Kit 

(a) E-Sat constellation in orbit (b) Satellite tracking on the surface 

 

Figure 5.6 E-Orbit functional architecture 

 The transmission method would depend on the planet, according to the distance from 

the Sun, and other different specifications. The Moon Energy Orbit consists of five planes with 

25 satellites, as shown in Figures 4.26 a and b. The satellite is at 900 km in the Moon E-Orbit 

with an inclination of 98, 08, 135, 45, 80 degrees and RAAN of 70, 70, 70, 70, 340, degrees 

respectively. E-Orbit is in 5 planes with 25 satellites at 900km for the Mars orbit with an 

inclination of 80, 80, 80, 45, 10 degrees, and RAAN of 50, 145, 100, 70, 240 degrees Figure 

4.27 a and b. The Mars E-Orbit satellite represents the design for mission in polar region 
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support. Orbiter, space application, and ground support include missions using rover, habitat, 

and UAV, as shown in Figure 4.28. Every surface-based objective power receiving device will 

be interlinked with three satellites for continued undisturbed signals to receive its required 

power transmission.  

The pilot signal for secure connection also functions like the GPS for the object, located 

on its surface for assistance. The entire constellation of SSPS will provide an additional benefit 

for establishing a continuous GPS designed for intended missions. The orbiter and satellite are 

interlinked with a minimum of six SSPS satellites for improved connectivity using the LPT 

system. It will also track the satellite and help reduce the production of space debris in the 

future. 

The interlink connection is established by confirming the pilot and aiming subsystem 

signal from an E-Orbit Satellite to other objective devices like orbiters, satellites, or any habitat 

modules, including mobile modules or permanent fixed modules, rovers, flying objects. For 

10kW Laser, multiple 200W laser systems are used to pinpoint a single object. If a mobile 

object gets concentrated power, the system can use a high-power electronics system on the 

surface and orbiter for mapping and research. 

 

5.7.  Comparison: Traditional Method vs. E-Orbit Wireless Power Transmission 

Typically, > 99 % launched mission uses PV array for power generation unit including 

Earth orbiter in LEO, MEO, GEO, HEO, planetary fly byes, orbiter, Ion propulsion mission: 

DS-1, Mars, Jupiter, Venus, mercury, surface mission on Mars and Moon and ISS. the power 

system is about 20-30 % of spacecraft mass and cost 20% of the budget which majorly used as 

Power management distribution, power generation, and energy storage [119] ISS arrays are 

about 2,500 m2 to collect energy into 27 W/Kg and cost around 3,500 USD/W, and 12.9km 

long wired line for transmission across the station. In 2017 ISS upgraded with 24 new 
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lightweight lithium-ion battery cells installed. The cost of upgrading, launching, and 

maintaining the space energy system is high, and it can be lover down with this technology. A 

standard communication satellite in GEO with a total eclipse load of 5-10 kW, the electric 

power system is about 30 % of a satellite's total dry mass, 40 % is structural and other is, and 

30 % is the payload for all spacecraft [120]. Sometimes RTG and Solar panel GaAs solar cells 

for power and batteries are used for storage. E.g., Mars 2020 Perseverance rover would use the 

Multi -Mission RTG system for 14 years of the operational lifetime, 45 kg in weight to generate 

110 W (assuming battery life deteriorates a few percent per year) with lithium-ion batteries. 

Chandrayaan-1 panels generate an average of 750 W supported by Li-ion batteries. Figure 5.7 

shows the electric power necessity by the missions. Usually, an electrical power and solar 

paddle subsystem account for 15-20 % of a satellite's total weight [121]. 

 

 

Figure 5.7 Electric power usage in different space mission 
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 Previously, when the space shuttle was in operation, it cost 54,500 USD per kilogram; 

now, due to competition and the majority of space startups as SpaceX Falcon9, ISS is accessible 

with just 5,000 USD per kilogram [122]. In the future, it will be lower and more affordable. As 

mentioned above, 30 % of dry mass will be directly cut down if the WPT technology will be 

used, and just approximately 81,000 USD can be saved for LEO with standard launch vehicles 

like Soyuz PSLV or reusable launch vehicles.  

The other proposed SSPS design focuses on transmitting a GW of power to the Earth-

based ground station. The proposed space design cable to transmit up to 230W m2 to earth-

based rectenna. The LPT-based system significantly improves solar PV cells' efficiency by 

twice, allowing E-Sat meaningful LPT use. The technology demonstrated by SPS will require 

billions of US dollars and more to develop reusable transportation vehicles to place. Moreover, 

designing a small SSPS capable of 10 kW can show capabilities and reduce the cost and 

utilization. The reduced mass of satellites can be predicted and used for other payload systems. 

The 10kW power system will provide an interplanetary mission opportunity to utilize high-

power electronics devices for research. Therefore, it will cut down to 30 % of space energy 

management and utilization system by replacing batteries, PV array, and reducing the 

launching weight will lower the space research mission's price. However, small equipment will 

be used for the conversion and transmission of the LPT system on objects. In account, it will 

be less than 5 % of the total current space power management system. 

 Transmission is more straightforward in comparison. Every E-Orbit Satellite capable 

of 10 kW transmission will be easier to launch using current transportation vehicles to LEO, 

Moon, and Mars orbit. E-Sat's weight will be minimal, and eight E-Sat can be transported using 

Long March 3D space launching vehicle. The demonstration and capability of SSPS will 

change the way of power use and transmission. WPT demonstration using E-Orbit will allow 

operation in remote locations on Earth, Moon, and Mars. The constellation is designed for the 
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continuous WPT to any receiving site. In E-Orbit, the receiving site can connect with a 

minimum of three other E-Sat for a non-disruptive signal. This feature is distinctive from other 

proposed SSPS Concepts. If the receiving site requires more than 10 kW of power, other nearby 

flying E-Sat can transmit the additional required power. 
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5.! Conclusions  
  

The SSPS represents an enormous project, the recently proposed conceptual design 

requiring cooperation from all space agencies and researchers to launch hundreds of rockets. 

The considerable cost of launching and stabilizing SSPS in orbit presents a significant 

challenge for every researcher. However, the demonstrative prototype project can be 

introduced by employing a Moon or Mars-based small SSPS system that supports a rover or 

orbiter. The current challenge to an SSPS design is developing an efficient WPT system. The 

type and place of application will define the proper selection of WPT. For a typical example, 

an MPT-based SSPS is more appropriate for the Earth-based system for GWs system and will 

have higher application than the LPT system. The MPT is already thoroughly developed and 

investigated. It possesses the capability of penetration from the Earth environment with minor 

distortion. On the other hand, the LPT application is wholly appropriate for low atmosphere 

applications, such as space to space power transmission, on the Moon and Mars. A small SSPS 

can support rovers, landers, and continuous flying unmanned aerial vehicles. 

Specialty design SSPS modules can be advantageous to suit the needs for various 

sectors, including military, national defense, commercial and industrial plants which all require 

power on specific locations. Many leading researchers proposed the prominent constellation of 

SSPS, which has significant worldwide use for providing carbon-free energy to any convenient 

location on Earth. In the near future, a Constellation of small SSPS or E-Orbit can potentially 

provide continuous power everywhere. 
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The novel E-Orbit concept properly represents an application-oriented design for 

creating an economic SSPS system for space application that is significant to the current 

technology. The previously proposed design is futuristic; however, the current abstract of E-

Sat and the prominent constellation of E-Sats, E-Orbit, will subtly change the social perspective 

of energy generation and effective utilization in space. The E-Orbit will directly cut down the 

satellite's weight by changing PMS to a wireless PMS system. It will generate an economical 

solution with greater efficiency than any other current method. Just by changing the PMS 

system, costs for manufacturing and launching satellites can be directly cut down. At the same 

time, a changed PMS system can provide a highly efficient, high-quality, power electronics-

based payload system for space application with its compact design. As PMS is a critical factor 

for defining EOL for any specific space mission, the E-Orbit will provide a significant 

advantage for extending satellite life.  

In addition to contributing to energy efficiency, SSPS can also be used to sustain the 

special environment. Debris is one of the significant hurdles to particular expansion due to the 

increasing number of mega-constellations in space. Using thrust maneuvering, the Debris can 

be removed, and additionally, at the EOL of E-Sat, it can rideshare a dead satellite to the lower 

orbit. Space agencies are looking forward to substantial wealth across the space sector by 

extending satellite life will create wealth, and at the same time, removing the debris by orbital 

maneuver and de-orbiting will enhance a significantly sustainable space environment. The 

changing orbit will drastically cut down the considerable cost of satellite industries for higher 

altitudes by orbital laser propulsion.    

E-Orbit can support the colonization of Mars and properly provide mobility to habitats. 

It can provide effective communication and positioning systems to accurately track and 

efficiently transfer WPT to the desired location. The WPT system will define the future 

technology of Earth and Space Exploration. Interplanetary research and space missions will 
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require significant development in developed technology and avionics in which WPT will 

execute vital operations that will enable missions to remote locations anywhere on the 

Moon/Mars surface and their orbiters. The location constraints will no longer hinder current 

developments and will also open doors to scientific investigations on the far side of the Moon, 

not to mention easy access to polar regions for settlement.  

The prominent constellation of SSPS will create a perfect E-Orbit, and with its 

continuous backup supply of power to the surface and space, it can deliver tremendous power 

to all technology. The constellation will also help develop the GPS for Mars and the Moon, 

evaluating and positively confirming its connected devices' precise location while efficiently 

delivering power. Simultaneously, it will allow the receiving satellites to perform with higher 

payload capacity. As the E-Orbit will provide direct power, all mission vehicles will have 

reduced weight and size that would have been used for carrying power generation and 

management units for the orbiter. E-Orbit will directly cut down the manufacturing and 

launching costs by 20-25%. Also, such mission vehicles will not be relying on their power 

generation unit. Using the E-Orbit would benefit mission vehicles by extending their mission 

lifetime and increasing their mobility. 

E-orbit can be applied towards the sustainable space environment and utilize the non -

SSPS potential application such as solar electric power and propulsion for exploration of orbital 

transfer vehicles for Earth orbit transportation, interplanetary, robotic science, and human 

explorations precursor mission. The future applications of SSPS include its role as a point of 

energy source from Lagrange point and asteroid belt for deep space missions using solar sail 

technology. The energy generation system can be planted near Earth, at the Lagrange point, 

and in the interplanetary orbit. Use the Sun energy from the solar storm and utilize it for high 

power application in the solar system. 
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Appendix A 
 
 
A.1. For Parabolic Reflector Antenna Gain 
!

"#$! %&'$(!)*+,-./!&0! )*+!1/.1-./2 &(%!2#$!%/&(!*)!/!3/+/4*.&1!5&0#!/(2$((/6!

! " #$%& '() *+ , %-
./
0

1
2

 

For frequency 2.45 GHz 
 

Diameter (m) Efficiency 
(%) 

Frequency 
(GHz) 

Gain (dB) Beam width 
(degree) 

1 100 2.45 28.18 8.57142857 
1 90 2.45 27.72 8.57142857 
1 80 2.45 27.21 8.57142857 
1 70 2.45 26.64 8.57142857 
1 60 2.45 25.96 8.57142857 
1 50 2.45 25.17 8.57142857 
1 40 2.45 24.20 8.57142857 
1 30 2.45 22.95 8.57142857 
1 20 2.45 21.19 8.57142857 
1 10 2.45 18.18 8.57142857 
1 1 2.45 8.18 8.57142857 
     
2 100 2.45 34.20 4.28571429 
2 90 2.45 33.74 4.28571429 
2 80 2.45 33.23 4.28571429 
2 70 2.45 32.65 4.28571429 
2 60 2.45 31.98 4.28571429 
2 50 2.45 31.19 4.28571429 
2 40 2.45 30.22 4.28571429 
2 30 2.45 28.97 4.28571429 
2 20 2.45 27.21 4.28571429 
2 10 2.45 24.20 4.28571429 
2 1 2.45 14.20 4.28571429 
     
10 100 2.45 48.18 0.85714286 
10 90 2.45 47.72 0.85714286 
10 80 2.45 47.21 0.85714286 
10 70 2.45 46.63 0.85714286 
10 60 2.45 45.96 0.85714286 
10 50 2.45 45.17 0.85714286 
10 40 2.45 44.20 0.85714286 
10 30 2.45 42.95 0.85714286 
10 20 2.45 41.19 0.85714286 
10 10 2.45 38.18 0.85714286 
10 1 2.45 28.18 0.85714286 
     
100 100 2.45 68.18 0.09 
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100 90 2.45 67.72 0.09 
100 80 2.45 67.21 0.09 
100 70 2.45 66.63 0.09 
100 60 2.45 65.96 0.09 
100 50 2.45 65.17 0.09 
100 40 2.45 64.20 0.09 
100 30 2.45 62.95 0.09 
100 20 2.45 61.19 0.09 
100 10 2.45 58.18 0.09 
100 1 2.45 48.18 0.09 
     
1000 100 2.45 88.18 0.009 
1000 90 2.45 87.72 0.009 
1000 80 2.45 87.21 0.009 
1000 70 2.45 86.63 0.009 
1000 60 2.45 85.96 0.009 
1000 50 2.45 85.17 0.009 
1000 40 2.45 84.20 0.009 
1000 30 2.45 82.95 0.009 
1000 20 2.45 81.19 0.009 
1000 10 2.45 78.18 0.009 
1000 1 2.45 68.18 0.009 

 
For frequency 5.8 GHz:  
 

Diameter (m) Efficiency 
(%) 

Frequency 
(GHz) 

Gain (dB) Beam width 
(degree) 

1 100 5.8 35.66 3.62 
1 90 5.8 35.21 3.62 
1 80 5.8 34.70 3.62 
1 70 5.8 34.11 3.62 
1 60 5.8 33.45 3.62 
1 50 5.8 32.65 3.62 
1 40 5.8 31.69 3.62 
1 30 5.8 30.44 3.62 
1 20 5.8 28.68 3.62 
1 10 5.8 25.66 3.62 
1 1 5.8 15.66 3.62 
     
2 100 5.8 41.69 1.81 
2 90 5.8 41.23 1.81 
2 80 5.8 40.72 1.81 
2 70 5.8 40.14 1.81 
2 60 5.8 39.47 1.81 
2 50 5.8 38.68 1.81 
2 40 5.8 37.71 1.81 
2 30 5.8 36.46 1.81 
2 20 5.8 34.70 1.81 
2 10 5.8 31.69 1.81 
2 1 5.8 21.69 1.81 
     
10 100 5.8 55.66 0.36 
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10 90 5.8 55.21 0.36 
10 80 5.8 54.70 0.36 
10 70 5.8 54.12 0.36 
10 60 5.8 53.45 0.36 
10 50 5.8 52.65 0.36 
10 40 5.8 51.69 0.36 
10 30 5.8 50.44 0.36 
10 20 5.8 48.68 0.36 
10 10 5.8 45.66 0.36 
10 1 5.8 35.66 0.36 
     
100 100 5.8 75.66 0.04 
100 90 5.8 75.21 0.04 
100 80 5.8 74.70 0.04 
100 70 5.8 74.12 0.04 
100 60 5.8 73.45 0.04 
100 50 5.8 72.65 0.04 
100 40 5.8 71.69 0.04 
100 30 5.8 70.44 0.04 
100 20 5.8 68.68 0.04 
100 10 5.8 65.66 0.04 
100 1 5.8 55.66 0.04 
     
1000 100 5.8 95.66 0.004 
1000 90 5.8 95.21 0.004 
1000 80 5.8 94.70 0.004 
1000 70 5.8 94.12 0.004 
1000 60 5.8 93.45 0.004 
1000 50 5.8 92.65 0.004 
1000 40 5.8 91.69 0.004 
1000 30 5.8 90.44 0.004 
1000 20 5.8 88.68 0.004 
1000 10 5.8 85.66 0.004 
1000 1 5.8 75.66 0.004 

 
For frequency 100 GHz 
 

Diameter (m) Efficiency 
(%) 

Frequency 
(GHz) 

Gain (dB) Beam width 
(degree) 

1 100 100 60.40 0.21 
1 90 100 59.94 0.21 
1 80 100 59.43 0.21 
1 70 100 58.85 0.21 
1 60 100 58.18 0.21 
1 50 100 57.39 0.21 
1 40 100 56.42 0.21 
1 30 100 55.17 0.21 
1 20 100 53.41 0.21 
1 10 100 50.40 0.21 
1 1 100 40.40 0.21 
     
2 100 100 66.42 0.11 
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2 90 100 65.96 0.11 
2 80 100 65.45 0.11 
2 70 100 64.87 0.11 
2 60 100 64.20 0.11 
2 50 100 63.41 0.11 
2 40 100 62.44 0.11 
2 30 100 61.19 0.11 
2 20 100 59.43 0.11 
2 10 100 56.42 0.11 
2 1 100 46.41 0.11 
     
10 100 100 80.40 0.02 
10 90 100 79.94 0.02 
10 80 100 79.43 0.02 
10 70 100 78.85 0.02 
10 60 100 78.18 0.02 
10 50 100 77.39 0.02 
10 40 100 76.42 0.02 
10 30 100 75.17 0.02 
10 20 100 73.41 0.02 
10 10 100 70.40 0.02 
10 1 100 60.40 0.02 
     
100 100 100 100.40 0.002 
100 90 100 99.94 0.002 
100 80 100 99.43 0.002 
100 70 100 98.85 0.002 
100 60 100 98.18 0.002 
100 50 100 97.39 0.002 
100 40 100 96.42 0.002 
100 30 100 95.17 0.002 
100 20 100 93.41 0.002 
100 10 100 90.40 0.002 
100 1 100 80.40 0.002 
     
1000 100 100 120.40 0.0002 
1000 90 100 119.94 0.0002 
1000 80 100 119.43 0.0002 
1000 70 100 118.85 0.0002 
1000 60 100 118.18 0.0002 
1000 50 100 117.39 0.0002 
1000 40 100 116.42 0.0002 
1000 30 100 115.17 0.0002 
1000 20 100 113.41 0.0002 
1000 10 100 110.40 0.0002 
1000 1 100 100.40 0.0002 

 
 
 
 
 
For frequency 281,760 GHz  
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Diameter (m) Efficiency 
(%) 

Frequency 
(GHz) 

Gain (dB) Beam width 
(degree) 

1 100 281760 129.40 0.000075 
1 90 281760 128.94 0.000075 
1 80 281760 128.42 0.000075 
1 70 281760 127.84 0.000075 
1 60 281760 127.18 0.000075 
1 50 281760 126.38 0.000075 
1 40 281760 125.41 0.000075 
1 30 281760 124.16 0.000075 
1 20 281760 122.40 0.000075 
1 10 281760 119.39 0.000075 
1 1 281760 109.39 0.000075 
     
2 100 281760 135.41 0.000037 
2 90 281760 134.96 0.000037 
2 80 281760 134.45 0.000037 
2 70 281760 133.87 0.000037 
2 60 281760 133.20 0.000037 
2 50 281760 132.40 0.000037 
2 40 281760 131.43 0.000037 
2 30 281760 130.19 0.000037 
2 20 281760 128.42 0.000037 
2 10 281760 125.41 0.000037 
2 1 281760 115.41 0.000037 
     
10 100 281760 149.39 0.0000075 
10 90 281760 148.94 0.0000075 
10 80 281760 148.42 0.0000075 
10 70 281760 147.84 0.0000075 
10 60 281760 147.18 0.0000075 
10 50 281760 146.38 0.0000075 
10 40 281760 145.41 0.0000075 
10 30 281760 144.16 0.0000075 
10 20 281760 142.40 0.0000075 
10 10 281760 139.39 0.0000075 
10 1 281760 129.39 0.0000075 
     
100 100 281760 169.39 0.00000075 
100 90 281760 168.94 0.00000075 
100 80 281760 168.42 0.00000075 
100 70 281760 167.84 0.00000075 
100 60 281760 167.18 0.00000075 
100 50 281760 166.38 0.00000075 
100 40 281760 165.41 0.00000075 
100 30 281760 164.16 0.00000075 
100 20 281760 162.40 0.00000075 
100 10 281760 159.39 0.00000075 
100 1 281760 149.39 0.00000075 
     
1000 100 281760 189.39 0.00000007 
1000 90 281760 188.94 0.00000007 
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1000 80 281760 188.42 0.00000007 
1000 70 281760 187.84 0.00000007 
1000 60 281760 187.18 0.00000007 
1000 50 281760 186.38 0.00000007 
1000 40 281760 185.41 0.00000007 
1000 30 281760 184.16 0.00000007 
1000 20 281760 182.40 0.00000007 
1000 10 281760 179.39 0.00000007 
1000 1 281760 169.39 0.00000007 
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A.3. Beam Sampler Calculation and Gaussian beam calculation using LPT aperture for 
10 kW with aperture diameter of 10 mm. 
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Appendix B  
 
 

B.1. The Cost details of Space launching system, debris cleaning charges by various 

company and cost of E-Orbit with the working on debris removal, power transportation 

and orbital maneuver.  The Table B.1 is the economical revenue generate from the E-orbit 

system for power transmission and other for one year and 20 years.  

 

Table B.1 is the economical revenue generate from the E-orbit system 

Services Per unit Per year 

(Mn USD) 

Up to EOL (Bn 

USD/ 20 years) 

Energy Transfer 

(for transferring 1 kWh) 

18 USD/ kWh 504 10.09  

Orbit transfer 

(200 Satellite a year) 

1 Mn USD 200  4 

Orbit Keeping 

(200 Satellite a year) 

1 Mn USD 200 4 

De-Orbiting at EOL 

(200 Satellite a year) 

1 Mn USD 200 4 

Debris removal using ridesharing 1 Mn USD  1.6 

 

The Figure B.1 is the compering debris removal technology to the E-Orbit cost, as the 

most of companies charge from 6 Mn USD to 117 Mn USD while E-Orbit Sat charges 1 Mn 

USD. 
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Figure B.1 the cost of debris removal technology in Mn USD 

 
 

Table A.2. Launching of one kg in LEO 

 
 

Launch Vehicle Payload cost per kg (USD) 

Vanguard 1,000,000 [1]  

Space Shuttle 54,500 [1] 

Electron 19,039 [2, 3]  

Terran 1 9,600   

Ariane 5G 9,167 [1] 

Long March 3B 4,412 [1] 

Proton 4,320 [1]  

Falcon 9 2,720 [5] 

Falcon Heavy 1,400 [5] 
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The Table A.2 is about the cost of launching one kg in orbit with the capable launch vehicle 

around the worldwide. And Table A.3 is launch vehicle details for the appropriate launching 

vehicle for E-Orbit with payload capacity with cost of launching. 

Table B.3. Launch vehicle details, payload and cost of launching 

Launcher [6]                      Payload (kg) Cost (Mn USD) 

 LEO GTO  

Starship 150,000 40,000 2 expected 

Falcon Heavy 63,800 26,700 90Ð150 

Long March 5 25,000 14,000 150 

Delta IV 23,040 13,130 215 

New Glenn 45,000 13,000  

Vulcan 17,800Ð34,900 7,400Ð16,300 99 

Ariane 6 21,650 11,500 115 

Ariane 5 21,000 10,735 165-220 

Atlas V 18,850 8,900 109-153 

Falcon 9 22,800 8,300 61.2 

H-II, IIA & IIB 19,000 8,000 (190), 90, 112 

H3 4,000-28,300 (base-heavy) 7,900-14,800  

Proton (UR-500) 23,000 6,920 65 

Zenit 13,740 6,160 45-90 

Long March 7 20,000 5,500-7,000 87.45 

Long March 2-3-4 12,000 5,500 20-102 

GSLV Mk.III (LVM3) 10,000 4,000 51 

Angara A5 14,600Ð35,000 3,600Ð12,500 90-105 

GSLV Mark II 5,000 2,700 47 
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Soyuz 8,200 2,400 35-48.5 

ULV 4,500Ð41,300 1,500Ð16,300  

PSLV 3,800 1,200 18-28 

Cyclone-4M 5,000 1,000 45 

Minotaur IV & V 1,735 640 50 

 

 

Reference:  

[1] Space Transportation Costs: Trends in Price Per Pound to Orbit. yumpu.com. Futron 

Corporation. (Accessed on July 30, 2021). 

[2] Rocket Lab points out that not all rideshare rocket launches are created equal. 

 TechCrunch. (Accessed on July 30, 2021) 

[3] rocklabusa.com (PDF). Rocket Lab https://www.rocketlabusa.com/ assets/Uploads/ 

Payload-User- Guide-LAUNCH-V6.6.pdf (Accessed on July 30, 2021) 

[4] Terran 1. relativityspace.com. Relativity Space. (Accessed on July 30, 2021) 

[5] NASA Technical Reports Server (NTRS). ntrs.nasa.gov. NASA. (Accessed on July 30, 

2021). 

[6] Comparison of Orbital launcher family https://en.wikipedia. org/wiki/ Comparison 

_of_orbital_launcher_families (Accessed on July 30, 2021) 
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Appendix C 
 
 

C.1. The Drag profile on different SSPS design.  

1.! CaSSIOPeiA Geostationary 4-sun SSSC 

a.! Radius ( Hight from center of earth) = 42157.0 km 

b.! MASS = 2045000.0 kg 

c.! SOLAR_RAD_AREA = 2941225.0 m2 

The CaSSIOPeiA is well designed with knowledge of cosine system to maintain in 

GEO. The 4 Sun SSSC will deliver 1.99 GW of energy from space to earth with mass of 

2045 tons. Via 2.45 GHz based MPT system. the rectenna is 68 km2. The total cost to design 

and place will be approximately 7,754 Mn USD.  

 

 

Figure B.2. the overall perturbation on the CaSSIOPeiA 
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Figure B.2. the overall LGA and SGA on the CaSSIOPeiA 

 

 

Figure B.3. the J perturbation on the CaSSIOPeiA 
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Figure B.4. the overall SRP on the CaSSIOPeiA 

2.! SUN tower SSPS 

Hight = 7871.0                                        MASS = 20000.0 

Solar Radiation Area= 500000.0         Drag Area = 125000.0 

 

Figure B.5. the overall perturbation on the Sun Tower 
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Figure B.6. the overall Drag on the Sun Tower 

 

 

Figure B.7. the overall J perturbation on the Sun Tower 
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Figure B.8. the overall LGA and SGA on the Sun Tower 

 

 

Figure B.9. the overall SRP on the Sun Tower 
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3.! DoE NASA 1979_GEO 

Hight = 42157.0   MASS = 250000.0 

Solar radiation Area = 50785400.0 Drag Area = 14571350.0 

During the program it found that the system of DoE NASA SSPS 1979 Is unstable to 

keep in space and it unbalance and fall out the structure within few days.  

 

Figure B.10. the overall perturbation on the DoE NASA SSPS 1979 

 

Figure B.11. the overall J perturbation on the DoE NASA SSPS 1979 
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Figure B.12. the overall LGA and SGA on the DoE NASA SSPS 1979 

 

 

Figure B.10. the overall SRP on the DoE NASA SSPS 1979 
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