
Solar Energy Materials & Solar Cells 286 (2025) 113589

Available online 15 March 2025
0927-0248/© 2025 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The photovoltaic Dyson sphere
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A B S T R A C T

This study explores the concept of a photovoltaic Dyson sphere, a megastructure designed to capture and convert a star’s energy for use in advanced technological 
applications. The temperature of a Dyson sphere composed of both blackbody and grey body materials is investigated. For efficient photovoltaic conversion, the 
semiconductor sphere must be coated with a black material to regulate temperature, ensuring it remains low enough for photovoltaic generation. The environmental 
impact on planetary conditions is also analyzed, revealing that only a Dyson sphere with an extension beyond Earth’s orbit could allow life to persist on Earth while 
maintaining suitable temperatures for photovoltaic efficiency. Such a structure would still increase Earth’s temperature, necessitating planetary temperature control 
systems—an issue that parallels the challenges of mitigating global warming. Considering material availability in the solar system, it was found that a partial Dyson 
sphere at 2.13 AU, using 1.3 × 1023 kg of silicon, could generate 4 % of the Sun’s power, yielding 15.6 YW of electricity while increasing temperature on Earth by less 
than 3K.

1. Introduction

A Dyson sphere is a hypothetical megastructure envisioned to cap
ture the entirety of a star’s energy output. The concept was first intro
duced in the 1937 science fiction novel Star Maker by Olaf Stapledon [1] 
and later explored scientifically by Freeman Dyson in 1960 [2]. Science 
fiction has long served as a medium for envisioning radical technological 
possibilities, often inspiring real-world scientific inquiry and engineer
ing advancements [3]. The Dyson sphere exemplifies this speculative 
approach for theoretical physics. Such a structure could provide vast 
amounts of energy, potentially fulfilling the extreme energy demands 
required for interstellar space travel and large-scale technological en
deavors [4]. In its simplest form, a Dyson sphere is imagined as a 
complete shell of material surrounding a star, absorbing all of its radi
ation. For this energy to be useful, it must be transformed into a more 
practical form, and this study considers the photovoltaic effect [5] as a 
mechanism for this conversion. The immense energy harnessed by a 
Dyson sphere aligns with the concept of advanced civilizations as clas
sified by the Kardashev scale, first proposed by Kardashev [6] and later 
expanded by Sagan [7], where a Type II civilization is defined as one 
capable of directly utilizing a star’s energy.

The operation of photovoltaic cells, or solar cells, relies fundamen
tally on the balance of absorbed and emitted radiation, which can be 
described by the detailed balance approach [8]. The Sun, as a radiation 
source, behaves like a blackbody with a temperature of around 5800 K 
and is described by Planck’s law [9]. The photovoltaic converter of a 
Dyson sphere cannot be treated as a perfect blackbody; instead, it 

functions as a grey body, with its absorptivity and emissivity shaped by 
the semiconductor band gap [10].

The efficiency of photovoltaic energy conversion is highly dependent 
on the temperature of the solar cells. On Earth, a solar cell is in thermal 
equilibrium with both the Sun and space. In contrast, a Dyson sphere is 
in thermal equilibrium with not only the Sun and space but also its own 
massive surface area, which affects its temperature balance and the ef
ficiency of photovoltaic power generation. For efficient energy conver
sion, the Dyson sphere’s temperature must remain low enough to allow 
for high photovoltaic efficiency. Therefore, this study investigates the 
temperature of a photovoltaic Dyson sphere, identifying conditions that 
allow for high energy conversion.

Furthermore, constructing such a structure would have profound 
consequences for planetary environments within the star system. A 
complete Dyson sphere would fundamentally alter the thermal balance 
of planets, including Earth, which depend on direct solar radiation for 
life-sustaining processes. This study also explores these environmental 
implications, seeking to identify scenarios in which a Dyson sphere 
could coexist with habitable conditions on Earth while being con
structed from materials realistically available within the solar system.

2. Temperature of a black body Dyson sphere

The surface temperature of a Dyson sphere with radius R, enclosing 
the Sun at its center, and made of a material with blackbody properties, 
can be determined by considering energy conservation and Planck’s law. 
According to Planck [9], the spectral radiance Bλ(λ,T) of a blackbody at 

E-mail address: im.peters@fz-juelich.de. 

Contents lists available at ScienceDirect

Solar Energy Materials and Solar Cells

journal homepage: www.elsevier.com/locate/solmat

https://doi.org/10.1016/j.solmat.2025.113589
Received 21 October 2024; Received in revised form 12 March 2025; Accepted 12 March 2025  

https://orcid.org/0000-0002-1725-0909
https://orcid.org/0000-0002-1725-0909
mailto:im.peters@fz-juelich.de
www.sciencedirect.com/science/journal/09270248
https://www.elsevier.com/locate/solmat
https://doi.org/10.1016/j.solmat.2025.113589
https://doi.org/10.1016/j.solmat.2025.113589
http://crossmark.crossref.org/dialog/?doi=10.1016/j.solmat.2025.113589&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Solar Energy Materials and Solar Cells 286 (2025) 113589

2

temperature T, per unit area and per unit wavelength, is given by: 

Bλ(λ,T)=
2hc2

λ5
1

exp
(

hc
kTλ

)

− 1
(1) 

where h is Planck’s constant, c is the speed of light, and k is Boltzmann’s 
constant. Integrating this expression over all wavelengths yields the 
total power emitted per unit area by the blackbody: 

Ebb(T)=
∫ ∞

0
dλBλ(λ,T) (2) 

A blackbody Dyson sphere surrounding the Sun will absorb all the 
Sun’s radiation and them re-emit it. The energy emitted per unit surface 
area by the Dyson sphere is reduced by a factor of (rsun/R)2, where rsun is 
the radius of the Sun. The temperature T of the Dyson sphere can thus be 
found by solving: 

Ebb(T)=Ebb(Tsun) •
(rsun

R

)2
(3) 

The solution to this equation is described by the Stefan-Boltzmann 
law, which states that the total thermal radiation emitted by a black
body is proportional to the fourth power of its temperature. 

T=Tsun •

̅̅̅̅̅̅̅
rsun

R

√

(4) 

3. Temperature of a grey body Dyson sphere

The first step in developing a theoretical model for a photovoltaic 
Dyson sphere is to transition from considering it as a blackbody to a grey 
body. A grey body, in this context, represents an idealized semi
conductor characterized by a step-function absorptivity and emissivity. 
For a grey body semiconductor with a bandgap energy Eg, all incident 
photons with energy greater than Eg are absorbed, while photons with 
lower energy pass through the material without interaction. Similarly, in 
terms of emission, a grey body only emits photons with energy 
exceeding Eg.

Energy and wavelength are related by Eg = hc
λg

, where λg is the cutoff 
wavelength corresponding to the bandgap. Consequently, in the wave
length domain, the absorptivity/emissivity is unity for wavelengths 
shorter than λg, and zero for longer wavelengths. The total power 
emitted by the grey body Dyson sphere, Egb(T), is then given by: 

Egb(T)=
∫ λg

0
dλBλ(λ,T) (5) 

The temperature T of a grey body Dyson sphere with radius, can be 
determined by solving the equation: 

Egb(T)=Ebb(Tsun) •
(rsun

R

)2
(6) 

This equation depends on the choice of the bandgap Eg and the radius 
R of the Dyson sphere. The numerically calculated temperature as a 
function of radius and bandgap is presented in Fig. 1.

A grey body absorbs fewer photons from the Sun compared to a 
blackbody, and it also emits fewer photons. Since emission is limited to 
the high-energy tail of the spectrum, the balance between absorption 
and emission for a grey body is shifted towards lower emission relative 
to a blackbody at the same temperature. As a result, to conserve energy, 
a grey body Dyson sphere must reach a higher temperature than a 
blackbody Dyson sphere. Furthermore, the temperature of the grey body 
Dyson sphere increases with the bandgap of the material.

This temperature rise is significant, making the photovoltaic effect in 
a grey body Dyson sphere feasible only at very large radii. For example, 
a Dyson sphere with a radius equivalent to Neptune’s orbit (30 AU), 
made from a grey body material with a bandgap of 1.1 eV (such as sil
icon), would still reach a temperature close to 800 K. At this tempera
ture, photovoltaic power generation would not be efficient enough to be 
practical.

To lower the temperature of the Dyson sphere, the grey body could 
be coated with a material that has blackbody properties, thereby 
creating a thermally coupled double-layer system. This configuration 
would act as a semiconductor with the desired bandgap but, when 
observed from the outside, would exhibit the radiative characteristics of 
a blackbody. Such a setup would allow the Dyson sphere to reach a 
temperature of approximately 75 K at Neptune’s orbit and 400K at 
Earth’s orbit.

4. Radiative efficiency limit of a black-coated photovoltaic 
Dyson sphere

The efficiency of a solar cell can be calculated using the detailed 
balance approach, as described in the book by Würfel [11]. The 
current-voltage characteristics of a solar cell in the radiative limit are 
given by: 

j(V)= jgen − j0
(

exp
[
eV
kT

]

− 1
)

(7) 

Here, jgen is the generation current, which corresponds to the photon 
current from all radiation incident on a surface element of the Dyson 
sphere. This current is primarily due to solar radiation and can be 
calculated using: 

jgen = eΩ1

∫ λg

0
dλBλ(λ,Tsun)

λ
hc

(8) 

where Ω is a factor related to the ́etendue of the radiation, which, in the 
case of sunlight, equals the solid angle subtended by the Sun as seen 
from the Dyson sphere. For R≫rsun, this factor is given by: 

Fig. 1. Temperature of a grey body Dyson Sphere as a function of bandgap (left), and as a function of the sphere extension for grey bodies with selected band 
gaps (right).
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Ω1 =
1

4 Sin
[
ArcTan

[
rsun
R

]]2 (9) 

For a Dyson sphere with a radius of 1 AU, Ω1 takes on a value of 
approximately 1/46,200. Strictly speaking, there is a secondary contri
bution to the generation current from the radiation emitted by the Dyson 
sphere itself. This additional current, jgen,DS, can be expressed as: 

jgen,DS = e Ω2

∫ λg

0
dλBλ(λ,TDS)

λ
hc

(10) 

where TDS is the temperature of the Dyson sphere obtained by solving 
equation (6), and Ω2 is another étendue-related factor. Through self- 
consistent calculations, Ω2 was found to be 0.75, though no analytical 
expression for this result was derived yet. It was also determined that the 
current generation due to the Dyson sphere’s own emission is only sig
nificant at temperatures higher than those relevant for efficient photo
voltaic power generation and can therefore be neglected.

The dark saturation current j0 arises from the emission of radiation 
by the Dyson sphere’s surface and is given by: 

j0 = e
∫ λg

0
dλBλ(λ,TDS)

λ
hc

(11) 

The efficiency of the solar cell is then found by maximizing the 
product j(V) • V, as described by equation (7), which has been done 
numerically. The maximum power output is then divided by the incident 
power from the Sun, Psun , on the surface element: 

Psun = Ω1 • Ebb(T) (12) 

The radiative efficiency limit of a black-coated photovoltaic Dyson 
sphere as a function of radius and band gap is shown in Fig. 2.

5. Corrections if the collected power is dissipated outside the 
sphere

If the power collected by the Dyson sphere is utilized insider it, it will 
eventually be dissipated as heat and contribute to the thermal emission 
of the sphere itself. In that case, the temperature of the Dyson sphere will 
assume a value as given by equation (6). Yet one purpose of a Dyson 
sphere is to collect power for space flight. If the collected power is stored 
and removed from the sphere, heat will be dissipated elsewhere and the 
Dyson sphere will consequently be cooled. The cooling in turn results in 
an increase in solar cell efficiency. This behavior is calculated itera
tively, by first calculating the solar cell efficiency as described above, 
and then use this result to adjust the power that the Dyson sphere emits 
via: 

Eem,DS(T)=Ebb(Tsun) • (1 − η) (13) 

Where η is the efficiency of the solar cell. The reduced power will in turn 

result in a lower temperature, derived through solving an updated 
equation (6), and this reduced temperature will in turn increase the solar 
cell efficiency via equation (11). The increased solar cell efficiency will 
then be used to update equation (13), closing the loop. The calculation 
was found to converge quickly, and five iterations were used here. The 
impact on solar cell efficiency and Dyson Sphere temperature are shown 
in Fig. 3. At the apex at 1.4 eV band gap, the efficiency increased by 0.8 
% from 25 % to 25.8 %, and the temperature was reduced by 26K from 
410K to 384K.

6. Implications of a Dyson sphere for life on earth

The construction of a Dyson Sphere in our solar system would be 
problematic, as the presence of the sphere would affect the thermal 
balance of any planet in the solar system. It will be distinguished here 
between a small and a large Dyson Sphere. A small Dyson Sphere would 
be sitting inside a planet’s orbit, a large Dyson Sphere outside.

For a small Dyson Sphere, an orbiting planet would receive the same 
total luminosity from the sphere as it does from the sun, but the light’s 
characteristics would change due to the sphere’s larger size and, 
consequently, lower temperature. A Dyson Sphere just inside Earth’s 
orbit would reach about 400K, shifting the peak wavelength of its light 
emission to around 7 μm, in the far infrared. This shift from visible light 
to infrared would make Earth’s environment unsuitable for most life as it 
would not support existing photosynthesis. Additionally, light from the 
Dyson Sphere would become diffuse rather than direct. To maintain life- 
supporting spectral characteristics, the Dyson Sphere would need to be 
very small and extremely hot, which would reduce the efficiency of 
photovoltaic power collection to close to zero.

A large Dyson Sphere, on the other hand, would alter the planet’s 
radiative balance, as it would now be in thermal equilibrium with both 
the sun and the sphere itself. A Dyson Sphere just outside Earth’s orbit 
would increase Earth’s temperature by 140K, making life as we know it 
impossible. To maintain temperatures suitable for life, the sphere would 
need to be much larger and cooler. For example, a sphere with a radius 
of 8.2 AU (between Jupiter and Saturn) would raise Earth’s temperature 
by 4K; at 9.5 AU (Saturn’s orbit), by 3K; at 11.7 AU (between Saturn and 
Uranus), by 2K; and at 16.6 AU (closer to Uranus), by 1K [12]. The 
impact of a suitably large Dyson sphere would hence still be similar to 
global warming experienced today or projected for the near future.

To illustrate the impact of a Dyson Sphere induced temperature in
crease, Fig. 4 illustrates sphere radii that correspond to temperature 
changes based on the 8.5 and 2.6 Representative Concentration Path
ways (RCPs) [13] from the 2014 5th IPCC assessment report [14]. This 
suggests that, to construct a Dyson Sphere within our solar system, 
planetary temperature control systems would first need to be developed 
and implemented. While the construction of a Dyson Sphere is in all 
likelihood still centuries out, temperature control is a more pressing 
problem that needs to be resolved soon to counter global warming. 

Fig. 2. Conversion efficiency of a black-coated photovoltaic Dyson Sphere as a function of band gap for various radii (left), and as a function of radius for various 
band gaps (right).
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Possible solutions include gaining control over our atmospheric impact 
[15] or reflecting incoming sunlight [16]. Following current correla
tions between carbon dioxide levels and temperature, offsetting a 3K 
temperature increase would require the net removal of approximately 
4200–7000 Gt of CO2 [17]. This level of removal would likely reduce 
atmospheric CO2 concentrations to below 150 ppm [18]. However, such 
large-scale CO2 reductions could have broader climatic consequences, 
necessitating a more detailed Earth-system analysis to fully assess po
tential impacts. The concept of an incomplete Dyson Sphere as another 
potential solution will be explored later.

7. Material considerations for the realization of a photovoltaic 
Dyson sphere

Most solar cells today are made of silicon, one of the most abundant 
elements in the Milky Way, our solar system, and on Earth. Silicon is 
estimated to make up 650 ppm [19] of the galaxy and 653 ppm [20] of 
our solar system. Given its mass, essentially the mass of the sun – 2 ×
1030 kg [21], there should be around 1.3 × 1027 kg of silicon in our solar 
system. While much of this silicon is likely inside the sun, higher con
centrations are found on the inner planets. Earth contains approximately 
15.1 % silicon (9 × 1023 kg) [22], lunar soil has around 21 % (1.5 × 1022 

kg if the same number applies to the moon in total), and Mars is esti
mated to have 17 % silicon (1.1 × 1023 kg). Venus is also believed to 
have high silicon concentrations, similar to Earth’s [23].

The silicon required for a Dyson Sphere depends on the surface area, 
the thickness of the solar cells, and silicon’s density (2.65 g/cm3). A 
Dyson Sphere extending to Saturn’s orbit, with a 50 μm-thick solar cell 
layer, would have a mass of 1.2 x 1025 kg—about 1 % of the estimated 
silicon in the solar system, but over 10 times the silicon found on Earth 
or Venus. This makes constructing a hypothetical full Dyson Sphere from 
silicon challenging. Both the required mass and thermal management 
suggest that a partial Dyson Sphere may be more feasible.

For example, a partial Dyson Sphere with a 2.13 AU radius, on which 
solar cells cover 22 % of the sphere’s surface, would require 1.3 × 1023 

kg of silicon. This partial sphere would raise Earth’s temperature by less 
than 3K. Obtaining this amount of material, roughly the estimated sili
con content of Mars, would still require planetary-scale mining but is at 
least within the realm of possibility using resources from terrestrial 
planets. If this Dyson Sphere operated at 85 % of its theoretical effi
ciency limit, it could convert 4 % of the sun’s 3.9 × 1026 W [24] lumi
nosity into electricity, generating 15.6 YW. This would be enough 
energy to power interstellar spaceflight, providing the energy to accel
erate a 1000-ton mass to 0.9c in just 7.5 ms. Additionally, the Dyson 
Sphere would produce far more energy than needed for terraforming 
projects. The energy required to vaporize Mars’ CO2 polar cap 
(120–1000 MW-years or 1.1–8.8 TWh) [25] would be generated in just 
0.25–2 ns.

The example above is based on silicon, yet silicon alone is neither 
sufficient nor is it the only option. To turn silicon into a photovoltaic 
Dyson Sphere, it would require a black coating and contacts. Among 
other materials that are sufficiently abundant in the solar system – 
carbon oxygen, iron, magnesium and Sulphur, carbon can function as an 
electric conductor and as a black coating material. Furthermore, it’s 
possible to construct solar cells made almost entirely out of carbon [26], 
though they have yet to achieve high efficiency compared to 
silicon-based cells.

8. Energy return on investment

The energy return on investment (ERoI) is the ratio of the energy 
supplied by a photovoltaic power plant over its lifetime to the energy 
required for its creation. The energy investment includes both the en
ergy used to manufacture the solar cell and the energy required to 
transport it to its operational location. For the following estimate, a 
single M6 wafer was considered. The fabrication of a 50 μm-thick solar 

Fig. 3. Left - efficiency of a photovoltaic Dyson Sphere with a radius of just below 1 AU if the energy is dissipated within it (light brown) and outside it (brown) as a 
function of band gap. Right – temperature of the same photovoltaic Dyson Sphere. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.)

Fig. 4. Extensions of a complete photovoltaic Dyson Sphere for it to result in global warming similar to what current emission scenarios predict.
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cell of this size is estimated to require 2.3 kWh of energy [27] and has a 
mass of 3.2 g. If the solar cell is manufactured on a planetary surface, the 
energy needed to transport it into space is determined by the escape 
velocity of the planet. This velocity is 11.86 km/s for Earth, 10.36 km/s 
for Venus, and 5.03 km/s for Mars [28], corresponding to escape energy 
requirements of 0.06 kWh, 0.05 kWh, and 0.01 kWh, respectively. 
Assuming that the cells are transported by rocket, the liftoff-to-payload 
mass ratio must be considered. For instance, the Ariane 6 rocket has a 
mass ratio of 41 [29], leading to total energy requirements of 2.6 kWh 
(Earth), 2.0 kWh (Venus), and 0.5 kWh (Mars). Future space trans
portation technologies are expected to achieve improved mass ratios, 
potentially reducing these energy costs.

The lifetime energy generation of the solar cell depends on effi
ciency, insolation, and operational duration. Silicon solar cells degrade 
in space due to exposure to high-energy protons and electrons [30]. 
Observations from the International Space Station (ISS) report annual 
degradation rates between 0.2 % and 0.5 % [31]. At either rate, a 
100-year operational lifetime remains feasible. Using these parameters, 
the ERoI for a partial Dyson Sphere can be estimated. For a 100-year 
operational lifetime, an annual degradation rate of 0.5 % (0.2 %), and 
assuming rocket transport with a mass ratio of 41, the ERoI is 260 (300) 
for material mined on Earth and 450 (520) for material mined on Mars. 
For a 30-year project lifetime, the ERoI falls within 100–150. 
System-level aspects are not considered in this analysis. For comparison, 
a similar photovoltaic system in Erlangen would have an ERoI of 22. The 
higher ERoI of space-based solar cells is primarily due to their reduced 
thickness (50 μm vs. 150 μm) and continuous illumination in space.

9. Conclusions

This study presents a detailed analysis of the photovoltaic Dyson 
sphere as a potential means to harness a considerable fraction of the 
energy output of the Sun. The temperature of the sphere was identified 
as a critical factor for efficient photovoltaic energy conversion, and the 
temperature of spheres consisting solely of a blackbody and a grey body 
were examined. In both cases, the temperature of the sphere reduces 
with its size, yet a grey body, mimicking the properties of a semi
conductor, assumes a much higher temperature and would need to be 
extremely large to allow efficiency photovoltaic conversion. To enable 
efficient photovoltaic conversion within the boundaries of the solar 
system, it is suggested that the sphere would have to consist of two 
materials: a semiconductor inside for photovoltaic conversion, coupled 
to a black body outside for temperature control.

The highest conversion efficiency of such a sphere was found to be 
for a material with a band gap of around 1.3 eV. At an extension of one 
astronomical unit, the sphere would reach a radiative efficiency limit of 
25 % while assuming a temperature of around 400K. The presence of the 
sphere will affect the radiative balance of a planet in its vicinity. To 
investigate the effects on Earth, both a large Sphere with Earth inside or 
a small one with Earth outside were explored. A small sphere seems not 
viable as it will either be too hot for photovoltaic conversion or will shift 
the spectrum of the light Earth receives beyond the range where 
photosynthesis is supported. A large sphere, while permitting photo
voltaic conversion with high efficiency will increase temperature on 
Earth.

Reducing temperature can be achieved by increasing the extent of 
the Dyson Sphere, yet this comes at the cost of a growing material de
mand. Considering abundance in the solar system and temperature re
quirements suggests that harvesting a considerable portion of the suns 
energy with a photovoltaic Dyson sphere would require two things: i) a 
partial sphere with limited extension, and ii) a planetary temperature 
control system. As an example, it was estimated that a partial Dyson 
Sphere, or Dyson Swarm, covering 22 % of the sphere surface at an 
extension of 2.13AU would require 1.3 × 1023 kg of silicon, and would 
allow to harvest 4 % of the sun’s energy (15.6 yotta Watts), while 
increasing temperature on Earth by less than 3K. This increase, 

incidentally, is similar to our current global warming trajectory. 
Developing mechanisms to reverse global warming, which also inci
dentally, require the installation of large amounts of photovoltaic panels 
on Earth, can therefore be seen as a first step of the technological re
quirements for humanity to become a type II civilization [32].
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[21] A. Prša, et al., Nominal values for selected solar and planetary quantities: iau 2015 
resolution B3, Astron. J. 152 (2016) 41, https://doi.org/10.3847/0004-6256/152/ 
2/41, arXiv:1605.09788.

[22] J.W. Morgan, E. Anders, Chemical Composition of Earth, Venus, and Mercury, vol. 
77, Proceedings of the National Academy of Sciences, 1980, pp. 6973–6977, 
https://doi.org/10.1073/pnas.77.12.6973.

[23] J.S. Schweitzer, A.M. Parsons, J. Grau, D.J. Lawrence, T.P. McClanahan, J. Miles, 
P. Peplowski, L. Perkins, R. Starr, Measuring surface bulk elemental composition 
on Venus, Phys. Procedia 90 (2017) 180–186, https://doi.org/10.1016/j. 
phpro.2017.09.056.

[24] https://www.pveducation.org/pvcdrom/properties-of-sunlight/the-sun.
[25] R. M. Zubrin, C. P. McKay, Technological Requirements for Terraforming Mars, 

AIAA-93-2005. https://marspapers.org/paper/Zubrin_1993_3.pdf.

[26] V.C. Tung, J. Huang, J. Kim, A.J. Smith, C, J. Huang, Towards solution processed 
all-carbon solar cells: a perspective, Energy Environ. Sci. 5 (2012) 7810–7818, 
https://doi.org/10.1039/C2EE21587J.

[27] M. Raugi, et al., Energy Return on Energy Invested ERoEI) for photovoltaic solar 
systems in regions of moderate insolation : a comprehensive response, Energy 
Policy 102 (2017) 377–384.

[28] Planetary Physical Parameters, NASA, Planetary Physical Parameters.
[29] Value taken from wikipedia: https://en.wikipedia.org/wiki/Payload_fraction.
[30] M. Yamaguchi, K. Lee, K. Araki, N. Kojima, Y. Okuno, M. Imaizumi, Analysis for 

nonradiative recombination loss and radiation degradation of Si space solar cells, 
Prog. Photovoltaics Res. Appl. 29 (1) (2021) 98–108.

[31] T. Kerslake, E. Gustafson, On-orbit performance degradation of the international 
space station P6 photovoltaic arrays, in: 1st International Energy Conversion 
Engineering Conference (IECEC), 2003, p. 5999.

[32] A. Mühlbauer, D. Keiner, C. Gerhards, U. Caldera, M. Sterner, C. Breyer, 
Assessment of technologies and economics for carbon dioxide removal from a 
portfolio perspective, Int. J. Greenh. Gas Control 141 (2025) 104297.

I.M. Peters                                                                                                                                                                                                                                        

http://refhub.elsevier.com/S0927-0248(25)00190-4/sref19
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref19
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref20
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref20
https://doi.org/10.3847/0004-6256/152/2/41
https://doi.org/10.3847/0004-6256/152/2/41
https://doi.org/10.1073/pnas.77.12.6973
https://doi.org/10.1016/j.phpro.2017.09.056
https://doi.org/10.1016/j.phpro.2017.09.056
https://www.pveducation.org/pvcdrom/properties-of-sunlight/the-sun
https://marspapers.org/paper/Zubrin_1993_3.pdf
https://doi.org/10.1039/C2EE21587J
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref27
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref27
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref27
https://en.wikipedia.org/wiki/Payload_fraction
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref30
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref30
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref30
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref31
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref31
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref31
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref32
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref32
http://refhub.elsevier.com/S0927-0248(25)00190-4/sref32

	The photovoltaic Dyson sphere
	1 Introduction
	2 Temperature of a black body Dyson sphere
	3 Temperature of a grey body Dyson sphere
	4 Radiative efficiency limit of a black-coated photovoltaic Dyson sphere
	5 Corrections if the collected power is dissipated outside the sphere
	6 Implications of a Dyson sphere for life on earth
	7 Material considerations for the realization of a photovoltaic Dyson sphere
	8 Energy return on investment
	9 Conclusions
	Declaration of competing interest
	Acknowledgments
	Data availability
	References


