
 
 

Delft University of Technology

Document Version
Accepted author manuscript

Citation (APA)
Çelik, O. (2025). Design of elliptic orbit constellations for solar reflectors for terrestrial solar energy enhancement. In IAF
Astrodynamics Symposium - Held at the 76th International Astronautical Congress, IAC 2025 (pp. 1441-1454).
(Proceedings of the International Astronautical Congress, IAC; Vol. 2-F219391). International Astronautical Federation,
IAF. https://doi.org/10.52202/083087-0127

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
In case the licence states “Dutch Copyright Act (Article 25fa)”, this publication was made available Green Open
Access via the TU Delft Institutional Repository pursuant to Dutch Copyright Act (Article 25fa, the Taverne
amendment). This provision does not affect copyright ownership.
Unless copyright is transferred by contract or statute, it remains with the copyright holder.
Sharing and reuse
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without
the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license such as
Creative Commons.
Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.

https://doi.org/10.52202/083087-0127


76th International Astronautical Congress, Sydney, Australia, 29 September-3 October 2025.
Copyright ©2025 by the authors. Published by the International Astronautical Federation with permission. All rights

reserved.

IAC–25–C1,IPB,8,x102383

Design of elliptic orbit constellations for solar reflectors for
terrestrial solar energy enhancement

Onur Çelik
Faculty of Aerospace Engineering, Delft University of Technology, Delft 2629 HS, The Netherlands

Orbiting solar reflectors (OSR) are large, thin, flat and ultralightweight structures proposed to extend the
operational hours of solar power farms (SPF) beyond the daylight hours by locally illuminating them at night
from orbit. They operate with the principle of intercepting incoming sunlight and reflecting an image of the
solar disk onto a ground target by tracking. It has been previously shown that a constellation of modest
number of OSR in circular, Sun-synchronous low-Earth orbits can increase the efficiency of terrestrial SPF
considerably [1]. The design of such constellations typically relies on circular orbits due to the reduced com-
plexity of orbit selection and optimising the constellations for a given objective, where analytical expressions
are available for simple constellation patterns. Introducing nonzero eccentricity to orbit shape immediately
multiplies the complexity of the optimisation problem as the number of available orbits are in principle
infinite, but their employment in the design would enhance the flexibility in mission design and may offer
an improved performance. This paper therefore investigates the design of optimal OSR constellations with
elliptic Sun-synchronous orbits with an objective to maximise the daily quantity of energy delivered. An ana-
lytical approach is used to simplify the design process by placing reflectors in different orbit planes that allow
reflectors to follow the same pass geometry over a given target, reducing the constellation optimisation to
effectively a single groundtrack optimisation, carried out by a genetic algorithm for full orbital element space
except semi-major axis. The results demonstrate that introducing eccentricity at three different semi-major
axis values increase the daily quantity of energy delivered by up to 20%, offering flexibility in constellation
design with reduced complexity that can be applied applications beyond terrestrial space-based solar power.

1. Introduction

Orbiting solar reflectors are proposed to enhance
the terrestrial solar power farm output by locally illu-
minating them in the hours of sunlight unavailability
[2]. This large, ultra-lightweight and flat structures
are closely related to solar sailing and other planar
technologies termed as space sailing [3, 4] and ini-
tially proposed by Hermann Oberth [5]. Together
with other wireless power beaming options [6], the
concept of orbiting solar reflector has been explored
by NASA and other researchers for terrestrial solar
energy, street illumination and the enhancement of
agriculture among the other applications [7, 8, 9]. In
parallel with the developments in the solar sailing
technology and the other large gossamer structure
such as deployable antennas, the orbiting solar reflec-
tor concept has also been tested in space by a 20-m
diameter disk reflector by the Russian space agency
as part of Znamya-2 experiment in 1993 [10]. A com-
prehensive review on orbiting solar reflectors can be
found in Çelik et al. (2022) [2].

The demand for global clean energy, reducing
launch costs and the other advancements in space

technology such as in-orbit manufacturing and assem-
bly allowed the concept of orbiting solar reflector to
be re-explored [2]. Fraas et al published a number
of studies on the orbiting reflector concept, propos-
ing it as a low-cost solar energy option [11]. Bonetti
& McInnes (2019) proposed a two reflector constella-
tion to illuminate solar power farms in three locations
globally to enhance solar power farm output [12]. The
reference architecture by Viale et al. (2022) proposes
a five-reflector in train to illuminate twelve existing
solar power farms on the Earth and offers a com-
prehensive study on attitude control, reflector struc-
ture and the economics of space-based solar power
with orbiting reflectors [13]. Viale et al. (2022) also
presented in a technology roadmap for the commer-
cial deployment of orbiting solar reflectors, offering
a step-by-step approach from balloon experiments to
small-scale technology demonstrator with CubeSats
around the Earth and the Moon [14]. To that end al-
ternative applications of orbiting reflectors also exist
to survive the lunar night [15, 16] and climate ser-
vices as sunshades around the Earth, integrated with
space-based solar energy [17]. Beyond the academia,
European Space Agency’s SOLARIS programme ex-
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plored the concept under the name Direct Sun Re-
flection and demonstrated its viability for terrestrial
clean energy applications.∗ The US-based start-up
ReflectOrbital now plans to launch a constellation of
small reflectors to deliver sunlight terrestrial targets
for various illumination applications.†

Indeed, a constellation of orbiting reflectors can
significantly enhance terrestrial solar power gener-
ation. Çelik & McInnes (2024) demonstrated that
a constellation of ten 1-km diameter reflectors at
at 1000-km circular orbits can provide solar energy
equivalent to a terrestrial solar power farm, but dis-
tributed globally [1]. The authors have used a Walker
constellation pattern [18] and modified it such that it
is synchronised with Earth’s rotation and the preces-
sion by the Earth’s oblateness effect, such that each
reflector’s pass over a target is the same, offering a
scalable, continuous, controllable and predictable so-
lar energy delivery. The application of circular or-
bits simplifies the problem; however, it also limits
the available solution space for orbiting reflector con-
stellations. This is because the reflected solar energy
delivery is dependent on its distance to the ground
[19, 20], i.e., the size of the solar image, therefore
solar power density, is dependent on this distance.
Lower altitudes enable higher solar power density but
shorter pass durations, and vice versa. The trade-
off for the altitude of solar reflector constellations is
also more complicated when one considers the atmo-
spheric drag effects and space debris consideration
[21]. Therefore, elliptical orbits appear as an alter-
native, which would allow partial time in lower alti-
tudes for solar power density, but also in higher al-
titudes that is less affected by the atmospheric drag
and away from densely populated orbits. Despite a
number of proposal for the benefits of elliptical or-
bit constellations [22, 23, 24, 25], they have not been
employed widely due to the immediately expanded
solution space with infinite possible orbits in princi-
ple. Bonetti & McInnes (2019) considered a highly
constrained design space with solar radiation pressure
assisted Sun-synchronous anti-heliotropic orbits and
Flower constellations [26] while they have also sim-
plified the problem by placing three equally spaced
ground targets [12]. Even if constraints such as sun-
synchronicity is considered to constrain the search
space, the dependency of orbit inclination to the ec-
centricity makes the optimisation of a constellation

∗SOLARIS website: https://www.esa.int/Enabling_

Support/Space_Engineering_Technology/SOLARIS/SOLARIS2,
Accessed September 12, 2025

†ReflectOrbital website: https://www.reflectorbital.

com/, Accessed September 12, 2025.

for a given objective non-trivial, particularly in the
case of non-equally spaced ground targets.

This paper investigates the design of orbiting so-
lar reflector constellations with the inclusion of ellip-
tical orbits and assesses their effectiveness for terres-
trial solar energy enhancement. Building upon the
author’s previous work [1], a framework for constel-
lation design is introduced, which includes full Ke-
plerian orbital element space except the semi-major
axis as optimisation parameters. A single satellite
per orbit is considered and the remaining satellites
are distributed in the successive orbit planes based
on a phase angle that ensures the same pass geome-
try for all satellites. This means that only the first
reflector’s orbit needs to be optimised. This was car-
ried out by employing a genetic algorithm with an
objective to maximise the total quantity of solar en-
ergy delivery per day, by including a realistic model
for reflected solar energy delivery [20] and existing
solar power farms are included in the optimisation.
Initial exploration of elliptic orbit space is performed
with polar orbits to remove eccentricity-inclination
coupling for comparisons with circular orbits, which
is extended to Sun-synchronous orbits. Three dif-
ferent semi-major axis values are considered and the
results are compared against respective circular or-
bits. Finally, the results are discussed in the context
of space mission design and terrestrial solar energy
enhancement.

This paper is structured as follows: A model of
reflected solar energy delivery will be presented next
and followed by a model constellation design in Sec 3.
The optimisation procedures will be discussed in Sec
4 and the results of the optimisation will be presented
in Sec 5. A discussion will be offered in Sec. 6 and
finally the conclusions will be presented in Sec. 7.

2. Reflected solar energy delivery from space

PSPF = χ(t)I0
AM

Aim(t)
ASPF cos

ψ(t)

2
(1)

where I0 is the solar constant which is assumed to fol-
low an inverse-square law with the distance from the
Sun and equal to 1.37 GWkm−2 at the mean distance
between the Earth and the Sun, i.e. 1 Astronomical
Unit (AU). AM , ASPF , Aim are the areas of the re-
flector, solar power farm and the projected image of
the Sun (i.e., illuminated region) on the ground. AM

and ASPF have fixed areas, but Aim is an elliptical
area whose size is a time-dependent function that can
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be written as [20]:

Aim(t) = πa(t)b(t) = π
[d(t) tan (α/2)]2

sin ϵ(t)
(2)

where d denotes the magnitude of the slant range
vector measured from the topocentric-horizon refer-
ence frame (THF) of the ground target such as a solar
power farm and α denotes the angle subtended by the
Sun, approximately 0.0093 rad at 1 AU. ϵ denotes the
elevation angle measured from the local horizontal,
defined again in the topocentric frame of the ground
target and is given by [20]:

ϵ(t) = arcsin
zTHF (t)

d(t)
(3)

where zTHF is the z-axis component of the slant
range vector and given in [20]. The details of the
derivation of Eqs. 2 and 3 will not be provided in
this paper for conciseness, but in a recent paper Çelik
& McInnes presented detailed analytical derivations
as a function of orbital elements for both as a three-
dimensional vector model by including the Earth’s
rotation and the Earth’s oblateness perturbation for
applications to Sun-synchronous orbits [20]. A sim-
plified scalar model is also presented for polar orbits
in Çelik & McInnes [19].

The time-dependent atmospheric transmission ef-
ficiency, χ(t), Eq. 1 is provided with the following
empirical relationship [27]:

χ(t) = 0.1283 + 0.7559e−0.3878 sec(π/2−ϵ(t)) (4)

Finally, ψ(t) denotes the time-dependent the angle
of incidence, and defined as the angle between the
incoming and outgoing sunlight.

The quantity of the energy delivered, E to the sur-
face can then be calculated by integrating Eq. 1, such
that:

E =

∫ t

0

PSPFdτ (5)

where t is time. t may be the pass duration over
a solar power farm, Tpass. The quantity of energy
delivered will be used as the objective for the optimal
constellations, which are presented next.

3. Constellation design

Satellite constellations are typically designed in
the inertial reference frame, with prime example be-
ing Walker constellations. However it may be pre-
ferrable to place satellites in a constellation in ro-
tating reference frame, first, as it represents a more

realistic case and second, as a mission requires sub-
sequent satellites in a constellation to be repeating
the same groundtrack. Such a problem is presented
in Çelik & McInnes (2024) for orbiting solar reflec-
tor applications and will be summarised here with
extensions to elliptical orbits. To analyse the details
of this problem, first Walker constellations will be
considered [18]. Walker constellations are one of the
most common orbit constellations [18], widely used
for applications such as navigation [28]. The satel-
lites in Walker constellations would possess the same
orbit radius, eccentricity and inclination, and would
be distributed in the right ascension of the ascending
node (RAAN) and mean anomaly space equally for
a given number of orbits and satellites and a phasing
parameter [18]. The state-space form of this distri-
bution can be expressed as follows [18]:[

No 0
Np Nso

] [
Ωmn − Ω11

Mmn −M11

]
= 2π

[
m− 1
n− 1

]
(6)

where No denotes the number of orbits, Nso denotes
the number of satellites per orbit, Np denotes a phas-
ing parameter that takes integer values in the range
Np ∈ [0 No-1]. Ω and M are RAAN and mean
anomaly, respectively, and m and n are the indices
of orbits and satellites, respectively. Ω and M can
also be rewritten as [18]:

Ωmn = Ω11 +
2π

No
(m− 1) (7a)

Mmn =M11 +
2π

Nso
(n− 1)− Np

Nso
∆Ω (7b)

where ∆Ω = Ωmn − Ω11. The general form of the
Walker constellation given in Eq. 7 distributes the
orbit planes equally across the Earth by 2π/No term.
This is not necessarily useful for orbiting solar reflec-
tor type applications, as the primary aim is to deliver
solar energy at dawn/dusk around the terminator re-
gion. It is also not clear what other angle can replace
2π in Eq. 7a. As the aim of the reflector constella-
tions is to ensure the same geometry across all reflec-
tors, the separation between the orbit planes needs
to be set accordingly and the reflector’s placement in
the constellation orbits should allow synchronisation
with the Earth’s rotation, such that:

∆Ω = ωEtn+1 =
ωE

ωo
ϕ (8)

where ωE is the Earth’s rotation rate, ωE = 7.272×
10−5 rad/sec. However, if the Earth’s oblateness is
taken into account, the orbit plane of all reflectors
will also shift due to this perturbation. In this paper,
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the Earth’s oblateness up to the second order (i.e.,
J2 = 1082.63× 10−3) is considered, whose impact on
RAAN can be expressed as the rate of change [29]:

Ω̇J2
= −3

2
J2

[ √
µR2

E

(1− e2)2a7/2

]
cos i (9)

where e and i denote the orbit eccentricity and incli-
nation, respectively. Therefore, the shift in the orbit
plane of the subsequent spacecraft by considering the
J2 effect can be expressed as:

∆ΩJ2
= −Ω̇J2

tn+1 = −Ω̇J2

ϕ

ωo
(10)

It is worth noting that the orbit angular rate will
also be altered as a result of the Earth’s oblateness,
due to the change in the orbit period, which can be
expressed as:

TJ2
= T

[
1− 3

2
J2
R2

E

p2
− 3

4
J2

(
4− 5 sin2 i

)
R2

E

p2

]
(11)

where p is semi-latus rectum, i.e. p = a(1 − e2).
Finally, combining Eqs. 8 and 10 would yield the
angular separation between orbit planes, such that:

∆Ω = (ωE − Ω̇J2)
ϕ

ωo,J2

(12)

where ωo,J2
is the J2 altered orbit angular rate and is

equal to ωo,J2
= 2π/TJ2

. Then, if the 2π term at the
right-hand side of Eq. 7a is redefined as some angle
ηΩ, it can be found as:

ηΩ = (ωE − Ω̇J2)
ϕ

ωo,J2

No (13)

If, then, a circular orbit constellation is considered
with six orbit planes at 1000-km altitude and ϕ =
15deg separation between them, ηΩ would become
6.58 deg. Hence, the orbit planes would be equally
distributed in this range. In a case, where the orbit
is unperturbed, an initial shift in mean anomaly by
ϕ would ensure that subsequent reflectors would fol-
low the same pass geometry. However, the Earth’s
oblateness also rotates the orbit itself (or shifts the
start/end point of the orbit), such that [29]:

ω̇J2 = −3

2
J2

[ √
µR2

E

(1− e2)2a7/2

](
5

2
sin2 i− 2

)
(14)

where ω denotes the argument of pericentre. Then
the shift in ω can be described as:

∆ω = −ω̇J2
tn+1 = − ω̇J2

ωo,J2

ϕ (15)

∆ω can now be combined with the unperturbed
mean anomaly shiftM−ϕ and orbit plane separation
∆Ω in Eq. 12 to describe the distribution of reflec-
tors in a constellation of m orbit planes with a single
reflector in each orbit:

Ωm = Ω11 +

(
ωE − Ω̇J2

ωo,J2

)
ϕ(m− 1) (16a)

Mm =M11 −
(
1 +

ω̇J2

ωo,J2

)
ϕ(m− 1) (16b)

Again, the parameter n is not in the set of equations
as there is one reflector per orbit, which is due to
the second term in the right-hand side of Eq. 7b
becoming zero for a single reflector per orbit.

Equation 16b can be expanded to include more
satellites per orbit by including the same term in Eq.
7b by replacing 2π term by some angle ηM for further
customisation of the constellation:

Ωmn = Ω11 +

(
ωE − Ω̇J2

ωo,J2

)
ϕ(m− 1) (17a)

Mmn =M11 +
ηM
Nso

(n− 1)−
(
1 +

ω̇J2

ωo,J2

)
ϕ(m− 1)

(17b)

The description of the constellation orbits in Eqs.
16 and 17 ensures that the reflectors will exhibit the
same pass geometry as they pass over a solar power
farm. Even if there is more than one reflector per or-
bit, the second reflector in the subsequent orbit would
also follow the same geometry as the second reflector
in the previous orbit plane. The advantage of the
same pass geometry is that, it would be no longer
necessary to consider all reflector satellites in all or-
bit planes in the constellation optimisation, but the
first reflector’s orbit. The orbits and mean anomaly
values of the rest of the reflector satellites can then
distributed according to Eqs. 16 and 17 and the re-
sult can be generalised. But care must still be taken
to set the optimisation problem to ensure the range
of orbits is appropriately placed in the terminator
region to avoid conditions such as eclipses, which is
discussed next.

4. Groundtrack optimisation

The optimisation problem tackled in this paper in-
corporates the energy delivery process and the place-
ment of the orbit plane in the orbital element space.
For both polar and Sun-synchronous orbits, a single
reflector initially at true anomaly TA = 0deg is con-
sidered. Recall that the setting of the constellation

IAC–25–C1,IPB,8,x102383 Page 4 of 14
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problem in Eqs. 16 and 17 ensure that reflectors in
subsequent orbits would follow the same pass geom-
etry over the solar power farms as the reflectors in
the first orbit. Before the details of the optimisation
process is presented, first the selection of the solar
power farms will be summarised.

4.1 Solar power farms

Solar power farms (SPF) in this paper are se-
lected from some of the largest operational and
under-development projects with nameplate capacity
greater than 550 MW as of 2020, first summarised in
Viale et al. (2023) [13]. In addition, this paper also
considers a number of hypothetical solar power farms.
The potential benefits of additional solar power farms
that are strategically placed near the groundtrack of
a selected reflector orbit and high-insolation regions
were previously discussed in Viale et al. (2023) in
enhancing the terrestrial solar energy generation [13].
In this paper, this will be considered alongside exist-
ing solar power farm projects to assess that enhance-
ment. The SPF considered in this paper are pre-
sented alongside a yearly mean insolation map (cov-
ering 1990-2004) in Fig. 1.

Fig. 1: Solar power farms considered in this work
(from [1]). Hypothetical SPF is provided for ref-
erence but not used in the analysis.

Figure 1 shows how the existing SPF projects are
placed in favourably insolated geographical locations.
For hypothetical farms, a similar approach is taken,
but longitudes of hypothetical SPF are also chosen
by considering the longitudinal shift of the ground
track on the surface of the Earth after each orbit.
This is done so by considering 1000-km circular orbit
presented in Çelik & McInnes (2024) not changed for

comparison purposes. In elliptical orbits, the longi-
tudinal shift would be variable for each orbit as the
shift due to the Earth’s oblateness effect is depen-
dent on both eccentricity and inclination, except the
perfectly polar orbits.

Considering eastward Earth rotation at a rate of
ωE and westward rotation due to the J2 effect, Ω̇J2 ,
the orbit ground track would shift approximately
(ωE − Ω̇J2

)TJ2
. For the 1000-km orbit altitude, this

will mean that the westward groundtrack shift for a
Sun-synchronous orbit and polar orbit at this altitude
would be 26.7 deg and 26.3 deg, respectively. There-
fore, the longitudinal separation between two consec-
utive hypothetical SPF is considered to be 26.7 deg
as SSOs are more relevant for orbiting solar reflec-
tor applications and the difference between SSO and
polar orbits is small in terms of ground track shift.
Latitudinal placement is more related to nearby ex-
isting SPF, insolation properties, proximity to land
and generally attempting to avoid an orbit ground-
track passing over multiple farms at the same time or
in quick succession to ensure distinctive passes. The
locations of the SPF are listed in Table 1.

Table 1: Selected solar power farms in this paper
(from [1]).

# Solar power farm Capacity Land size Coord.
(SPF) (lat., lon)

[MWh] [km2] [deg, deg]
Existing solar power farm projects

1 Bhadla 2700 160 27.5, 71.9
2 Pavagada 2050 53 14.7, 77.2
3 Benban 1650 37 24.7, 32.8
4 Tengger 1547 43 37.6, 105.04
5 Noor Abu Dhabi 1177 8 24.6, 55.4
6 Datong 1070 N/A 40.7, 113.1
7 Kurnool 1000 24 16.15, 78.4
8 Longyangxia 850 14 36.9, 100.5
9 Villanueva 828 24 26.3, -102.9
10 Solar Star I&II 747 13 35.8, -118.15
11 Topaz 550 19 34.4, -115.2
12 Sun Cable 17000 105 -17.29, 133.5

4.2 Optimisation process

The optimisation process is as follows: First, for
given orbit parameters, the orbit pass geometry is
calculated for 24h in terms of its elevation angle for
each of the solar power farms presented in Table 1.
After an initial numerical propagation of the orbit,
the elevation history is generated for each target so-
lar power farm in their local topocentric horizon refer-
ence frame. If the maximum elevation angle reached
over a ground target is greater than 60 deg, these

IAC–25–C1,IPB,8,x102383 Page 5 of 14
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instances are recorded and the solar power farm is
considered serviceable. Such a pass would typically
occur twice a day for low-Earth orbit satellites. So-
lar power farms are not serviced if the maximum
elevation reached is below this given threshold and
skipped. this threshold is distinguished for each pass,
i.e., as SPF can be serviced in one pass and not ser-
viced in the other, instead of discarding the target
entirely. For the passes that satisfy the 60 deg re-
quirement, the quantity of energy delivered is calcu-
lated. This follows the procedures discussed in Çelik
& McInnes (2022, 2023) [19, 20] with the equations
presented in Sec. 2 and includes Earth rotation and
oblateness, geometric and atmospheric losses in the
energy delivery process [19, 20].

This procedure is performed for all reflectors (if
there is more than one) and for all solar power farms.
Finally, the quantity of total energy delivered per day
is calculated. A limitation of this approach is the
closely located solar power farms, which can be seen
in Fig. 1. In this situation, it was observed that
often the groundtrack passes over multiple closely lo-
cated SPF satisfying the 60 deg requirement, which
results in the over-calculated quantity of energy de-
livered within the optimisation function. While it is
not necessarily a problem, one of those overlapping
passes will need to be selected as servicing two SPF is
not feasible due to attitude control requirements [13].
One of those will always provide the highest quantity
of energy delivered, which is selected while the others
are removed as infeasible in the post-processing.

Fig. 2: Diagram of the optimisation process. OE
and GMT denote orbital elements and Greenwich
mean time respectively.

The objective of the optimisation is to maximise
the total quantity of energy delivered per day. Due to
elliptical orbits considered, there will be multiple op-

timisation parameter considered throughout the pa-
per, with increasing complexity. Initially, semi-major
axis, eccentricity, argument of periapsis values will be
fixed and the two optimisation parameters will be the
right ascension of the ascending node Ω and the initial
Greenwich meridian, θG,0. The latter parameter ap-
pears relatively arbitrary as it only determines when
the orbit starts during a day but necessary to find the
optimal solution. This initial exploration phase will
allow for a comparison between circular orbit constel-
lations explored in Çelik & McInnes (2024) [1]. The
range of Ω is selected based on the eclipse considera-
tions and a range extending by β on either side of the
terminator line defined at π/2 from the x-axis in the
ECI frame. As for θG,0, the range is selected between
−90 deg and 90 deg measured from the x-axis in the
ECI frame or approximately 6:00 am-6:00 pm GMT.

The optimisation will increase in complexity for
fixed semi-major axis values and by equating the
argument of periapsis value to 0, and an eccentric-
ity, right ascension of the ascending node and initial
Greenwich meridian that maximises the daily total
quantity of energy will be sought. Finally, the ar-
gument of periapsis value will be an optimisation pa-
rameter as well and for a given semi-major axis of the
orbit, the orbit elements that maximises the daily to-
tal quantity of energy will be sought. For all cases,
true anomaly will be equal to zero. The optimisation
procedure will be carried out for both existing and
hypothetical solar power farms. Table 2 summarises
some of the parameters in the optimisation process.

Table 2: Parameters of the optimisation problem

Orbital parameters
Semi-major axis [km] 7378.2, 7500, 8000
Inclination [deg] 90 (Polar), Various (SSO)

Reflector parameters
Diameter [km] 1
Reflectivity [-] 1

Solar power farms
Diameter [km] 10
Location Table 1

Optimisation parameters
Objective function -Etot

e ∈ (0, emax(rp,min)]
ω ∈ [0, 360] deg

Variables Ω ∈ [90− β, 90 + β − ηΩ] deg
θG,0 ∈ [−90, 90] deg

The single-objective optimisation is performed us-
ing a genetic algorithm [30] and implemented in MAT-
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LAB through its ga() function.‡ A genetic algorithm
is based on the principle of evolution to reach the best
result (or global optimum) via stochastically gener-
ated populations via crossovers and mutations. Ge-
netic algorithms are commonly used in constellation
optimisation when the problem of minimising an ob-
jective function with the best distribution of satel-
lites is not immediately apparent. For the problem
at hand in this paper, the optimisation does not in-
clude many satellites, orbits or number of planes, but
the pass geometry over the listed solar power farms
and the associated quantity of energy deliverable to
those cannot be found trivially, hence the genetic al-
gorithm becomes a suitable choice. For the different
settings available for ga() in MATLAB, initial param-
eter space is created based on a uniform distribution
with scattered crossover and stochastic uniform se-
lection of parents at each step. For the mutations, an
adaptive feasible mutation option is selected, which
generates random search directions and is adaptive
to the success of each generation. The function and
constraint tolerances are 10−6 and 10−3, respectively.
The maximum generations in an optimisation is set to
50 after an initial exploration of the problem. After
presenting procedures and tools in the optimisation
process, the results of the groundtrack optimisation
can be presented in the next section.

5. Optimised orbits and their properties

5.1 Polar orbits

The orbit optimisation is performed for Sun-
synchronous orbits as they are more relevant for
orbiting reflector applications. However, due to
the coupling between eccentricity and inclination in
SSOs, the comparison is between circular and ellip-
tical orbits is not straightforward. In order to assess
the effectiveness of elliptical orbits in reflector con-
stellations, the initial analysis is therefore performed
with polar orbits to remove the effect of the Earth’s
oblateness. The results for 7378.2 km radius (i.e.,
1000 km altitude) circular orbit are also available in
Çelik & McInnes (2024) [1]. For comparison, semi-
major axis length a= 7378.2 km is selected. The min-
imum periapsis length is limited to 600 km to avoid
enhanced atmospheric effects, which results in a max-
imum eccentricity value of 0.0542. A grid search is
then performed as part of the optimisation for eccen-
tricity values e =[0.01, 0.025, 0.05] and AoP values ω
= [0, 90, 180, 270] deg. In this first step, only RAAN

‡Available at https://uk.mathworks.com/help/gads/ga.

html, Accessed August 29, 2025

and GMT values are sought that maximises the to-
tal daily quantity of energy delivered. The results on
this analysis is provided in Table 3.

Table 3: Polar orbit results at three eccentricity (e)
and four different argument of periapsis (ω) val-
ues. Semi-major axis length (a) is 7378.2 km

e [-] ω [deg] Ω [deg] θGMT [deg] Etot [MWh] Etot,pp [MWh]
0.01 0 89.05 14.65 461.9 338.0
0.025 0 87.47 -5.46 418.8 313.7
0.05 0 95.83 18.13 432.1 339.6
0.01 90 107.98 -44.87 442.7 331.2
0.025 90 85.03 -56.32 437.3 336.9
0.05 90 80.91 -5.31 431.4 333.6
0.01 180 102.32 -4.39 451.6 335.7
0.025 180 89.97 -10.36 462.9 362.8
0.05 180 101.35 -6.03 383.9 300.8
0.01 270 94.49 -5.53 445.7 335.6
0.025 270 72.31 -2.69 436.5 338.2
0.05 270 83.05 -10.75 435.5 343.3

The total daily delivered energy (Etot) is found be-
tween 452.9-454.3 MWh in Çelik & McInnes (2024)
[1]. Another result is defined in the last column,
Etot,pp, which refers to the post-processed results af-
ter removing overlapping passes as explained in the
previous section. The range of Etot,pp in Ref. [1]
was 333.3-334.7 MWh. The results show that for
elliptical orbits Etot range is larger, between 383.9
MWh and 462.9 MWh and Etot,pp ranges between
300.8 MWh and 343.3 MWh. From an optimisation
perspective, this results show that a comparable per-
formance to circular orbits can be obtained in Etot

by elliptical orbits with moderate eccentricities. For
post-processed results (Etot,pp), the interpretation is
the similar on average, but better performance can be
obtained in majority of the cases of varying degrees.
An overhead pass equivalent energy can be defined
from 1000-km altitude circular orbit over 10-km di-
ameter solar power farm as 35.2 km [19]. Then, at
least 10% of one-pass equivalent improvement is pos-
sible by elliptical orbits, demonstrating the benefit of
elliptical orbits for flexibility in mission design and
improved performance.

The results in Table 3 are only investigated for four
AoP values. If the AoP is also added as one of the
optimisation parameters, the results can be improved
as presented in Table 4.

Table 4: Optimisation results for polar orbits at three
different eccentricity values. a = 7378.2 km

e [-] ω [deg] Ω [deg] θGMT [deg] Etot [MWh] Etot,pp [MWh]
0.01 178.21 78.22 -16.50 455.5 374.4
0.025 171.67 94.08 -8.59 462.2 356.2
0.05 249.96 93.43 -6.46 457.4 354.7
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The finalω values in Table 4 are in agreement with
the results on Table 3, i.e., e=0.1 and e=0.025 results
are close ω = 180 deg and e=0.05 result is close to
ω =270 deg. All Etot results are higher than circular
orbit results [1]. The post-processed results are ap-
proximately more than 60% higher for all eccentricity
values, which means nearly another pass equivalent
energy is added with modest eccentricities.

The analysis with small number of eccentricities
have already shown the benefit polar orbits. The so-
lution space will be explored for SSOs where eccen-
tricity effects are coupled with inclination.

5.2 Sun-synchronous orbits

Sun-synchronous orbits (SSO) provide a more suit-
able choice for reflector applications [13]. The results
in the previous section is now going to be extended
to SSOs, for which 1000-km altitude circular orbit (a
= 7378.2 km) results are also available from Çelik &
McInnes (2024) [1]. In this paper a wider semi-major
axis space will be explored with two additional values,
a = 7500 km and 8000 km.
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Fig. 3: Sun-synchronous orbit inclination for a given
semi-major axis-eccentricity pair

In order for a comparison with circular orbits, an
optimisation is performed for these two new semi-
major axis values, whose results are presented in Ta-
ble 5, alongside the results from Çelik & McInnes
(2024) [1].

The results in Table 5 show a reduction in the
quantity of energy delivered at higher altitudes,

which are expected as the two larger orbits are at
1121.8 km and 1621.8 km, respectively. These are
also more likely to result in overlapping passes due to
the higher altitude, resulting further reduction in the
post-processed results. These results will be used in
comparing with elliptical results.

5.3 Grid search in eccentricity space with ω = 0

The grid search in the eccentricity space is car-
ried out by again assuming a minimum periapsis al-
titude of 600 km, which results in maximum eccen-
tricity value of 0.0696 and 0.1277 for the two larger
orbits, respectively. Note that for the smallest orbit,
this value is at 0.0542. The optimisation is then per-
formed by assuming argument of periapsis value as
0 to assess the effect of the eccentricity in the final
quantity of energy delivered. The results are pre-
sented in Table 6.

The solutions with fixed ω value does not demon-
strate an improvement for the lowest altitude or-
bits, although it does demonstrate comparable per-
formance at e=0.01. For other orbits, considerable
improvement is observed across different eccentrici-
ties. The results for elliptical orbits are significantly
dependent on theω value, which determines the slant
range value across the orbits. Due to the choice of
solar power farm size of 10-km, the solutions for el-
liptical orbits are better when the orbit allows for an
optimal use of the this area. For example, at a=7500
km, e=0.01 provides the best Etot result because the
periapsis altitude at this orbit is 1046.8 km, which
result in a circular image diameter of 9.74 km, nearly
filling the entire solar power farm at the zenith point.
The same is also true for a = 8000 km at e = 0.075.
The final, post-processed result may differ due to the
overlapping passes, but they are also higher than cir-
cular orbit result for most of the cases. For the small-
est orbit, this cannot be quite achieved as the circular
orbit radius is already close to this optimal, therefore
the best result appears at the lowest eccentricity but
still lower than the circular orbit result. This results
show that large orbit semi-major axis can still be se-
lected for orbiting reflector applications and modest
eccentricities can allow for higher quantity of energy
dleivered to the surface, with greater flexibility. How-
ever, as shown in the polar orbit results, varying ω
can improve the results further, which will be demon-
strated in the next section.

5.4 Grid search in eccentricity space with free ω

The analysis in this section will focus on the effect
of argument of periapsis position in the final opti-
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Table 5: Optimisation results for Sun-synchronous circular orbits for comparison

a [km] i [deg] Ω [deg] θGMT [deg] Etot [MWh] Etot,pp [MWh] Ref.
7378.2 99.48 92.32 27.59 537.0 363.5 [1]
7500 100.04 98.19 -2.28 507.9 303.0 This work
8000 102.63 100.42 12.26 359.2 223.8 This work

Table 6: SSO optimisation results at different eccentricities with argument of periapsis ω=0 deg.

a [km] e [-] i [deg] Ω [deg] θGMT [deg] Etot [MWh] Etot,pp [MWh]
7378.2 0.01 99.47 99.6529 19.9818 457.9 355.6
7378.2 0.025 99.46 85.9543 13.1346 459.5 337.2
7378.2 0.0542 99.42 70.4922 -0.5328 399.8 294.3
7500 0.01 100.04 102.0143 -0.4654 507.4 304.3
7500 0.025 100.03 109.9981 -36.8773 455.3 318.4
7500 0.05 99.99 80.7846 4.7296 483.7 342
7500 0.0696 99.95 82.6121 5.9112 465.9 340.2
8000 0.01 102.62 105.5471 14.8901 368.8 207.8
8000 0.025 102.61 101.9895 13.1742 385.6 238.9
8000 0.05 102.56 108.0097 15.9096 405.2 234.3
8000 0.075 102.48 101.85 13.3051 428.4 239.1
8000 0.1 102.37 101.7307 13.5697 414.8 249.5
8000 0.1277 102.21 94.5603 10.2934 373.6 248.8

misation result. To analyse this, the grid of eccen-
tricities is used in an expanded optimisation of pro-
cedure when the argument of periapsis also becomes
one of the optimisation parameters. The optimisation
is then carried out for each a-e pair and presented in
Table 7.

When ω is freed, the results have all been im-
proved for altitudes from an optimisation perspec-
tive, i.e. Etot. The reason for these results lies again
in the slant range, which is optimised with the opti-
mal placement of the ω value for a given eccentricity.
This shows that the importance of the placement of
elliptical orbit in the orbital element space for this
type of application. Etot,pp have also been improved,
even if improved Etot results do not necessarily guar-
antee this outcome. For most cases, the highest al-
titude orbit seem to add another pass compared to
circular orbit, two passes for medium sized orbit for
some eccentricities. This is approximately equivalent
to 10% and 20% increase in the post-processed quan-
tity of energy delivered for largest and medium sized
orbits, respectively. Given the low number of targets
(i.e., 12), this is a considerable improvement in re-
sults. Even for the smallest orbit, Etot,pp has now
become comparable to the circular orbit results at
e=0.01 and e=0.0542.

The results do not follow predictable pattern for

given eccentricities. Even though the effect of eccen-
tricity and argument of periapsis are apparent, it is
not clear where the fully coupled relationship result
in the most optimal orbital elements for a given alti-
tude. Therefore the analysis will now be extended to
eccentricity alongside the others for fixed semi-major
axis values.

5.5 Free eccentricity and argument of periapsis

The optimisation procedure explained above is
now extended to include eccentricity as a parame-
ter to optimise. The optimisation carried out in two
cases for each altitude to demonsrate a diverse cases
in line with the previous results. One of them is a
larger range with e ∈[0.001, emax] based on the re-
quirement put forward for the lowest periapsis alti-
tude of 600 km, and two optimisation is carried for
comparison with the results in the previous section
with e ∈[0.1, emax]. These two cases would in princi-
ple result in six results for three semi-major axis val-
ues. But there are multiple local minima available,
some result in better post-processed results than oth-
ers, therefore more than six solutions are presented
in Table 8.

For the smallest orbit, it is immediately apparent
that the optimisation is driven to its lower bounds, at
least for the first and the third result, to maximise the
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Table 7: SSO optimisation results at different eccentricities with free ω.

a [km] e [-] i [deg] ω [deg] Ω [deg] θGMT [deg] Etot [MWh] Etot,pp [MWh]
7378.2 0.01 99.47 3.79 88.41 14.46 462 343.8
7378.2 0.025 99.46 324.32 87.88 12.19 471.9 318.3
7378.2 0.0542 99.42 253.23 70.31 -4.72 437.7 358.4
7500 0.01 100.04 6.75 77.81 3.076 508.9 346.0
7500 0.025 100.03 345.66 89.99 8.746 510.1 347.9
7500 0.05 99.99 324.51 109.41 1.692 497.2 324.1
7500 0.0696 99.95 280.49 81.69 0.924 509.03 364.4
8000 0.01 102.62 0.0047 107.83 16.06 368.3 240.4
8000 0.025 102.61 0.78 97.30 10.88 383.2 238.8
8000 0.05 102.56 1.33 108.36 16.16 405.1 209.2
8000 0.075 102.48 348.85 94.83 8.90 428.8 237.1
8000 0.1 102.37 344.27 101.80 12.52 440.7 239.1
8000 0.1277 102.21 331.93 100.34 11.45 438.2 244.3

Table 8: SSO optimisation results at free e and ω.

a [km] e [-] i [deg] ω [deg] Ω [deg] θGMT [deg] Etot [MWh] Etot,pp [MWh]
7372.8 0.001 99.47 0 70 0.65 472.4 356
7372.8 0.0086 99.48 343.91 82.48 10.83 458.9 353.3
7372.8 0.01 99.48 0.4382 70 -0.66 463.4 374.1
7500 0.01 100.04 3.2488 73.74 1.015 504.7 317.5
7500 0.0075 100.04 270.71 93.62 6.176 524.5 318.8
7500 0.0471 99.99 276.44 83.95 1.826 520.7 308.4
8000 0.0904 102.42 4.0896 96.81 10.90 445.2 262.2
8000 0.0973 102.38 138.99 99.96 -78.50 409.2 254.8

quantity of energy delivered. These are likely part of
the same family as all other orbital elements are also
similar. An interesting difference is that even though
the total quantity of energy delivered Etot is similar,
the reflectors deliver more for the third solution in
practical terms. In fact, Etot,pp value is higher than
that of the circular orbit by 3%. This may appear
small, but it provides an enhanced flexibility in mis-
sion design without loss of performance. The other
solutions are also comparable to circular orbit results.

For the medium-sized orbit, the first solution is
driven to its lower bounds for e, ω and Ω parame-
ters but does not result in higher Etot compared at
the same eccentricity value. For the extended lower
bound, there appears to be a mildly eccentric orbit
with an total value 20 MWh higher at e = 0.0075,
which is also the best solution found for this orbit
case. Following this, there appears another solution
with much higher eccentricity at 0.0471 with Etot

value of 520.4 MWh. For the post-processed results,
all Etot,pp values are higher than that of circular or-
bit but not necessarily from the other eccentric orbit

cases where one or two orbital elements were fixed.
For the highest Etot value results (e = 0.0075 and e
= 0.0471), this is the smae reason as explained be-
fore: The optimisation is driven to maximise the to-
tal energy that is deliverable per day, but it does
not take into account potential operational limita-
tions over multiple solar power farms, of which only
one can be serviced. There may be better Etot,pp so-
lutions at other, fixed eccentricities that was shown in
Table 7, for example, even though other constraints
may apply those in terms of minimum periapsis alti-
tude.

For the largest orbit, there appears two solutions
that similar of nature in terms of eccentricity despite
the two cases investigated. The optimal eccentricity
found results in a periapsis altitude approximately
1000 km, effectively optimising solar image with re-
spect to solar power farms and maximising the energy
delivery. The solutions differ in terms of other ω and
θGMT . Etot values are differ and the first solution at
e=0.0904 is the best solution obtained for the largest
orbit. This is also true for the post-processed results.
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With Etot,pp values of 262.2 and 254.8, the results are
the best of all optimisations performed and 15-20%
higher than circular orbit results.

For all different semi-major axis values, the dif-
ference in inclination is very small between different.
eccentricity values. Therefore it is believed that the
effect of inclination is small in the final results for
the considered altitudes. If larger semi-major axis
lengths and eccentricities are considered, the effect
should be more apparent.

The results can also be compared by Viale et al
(2022) reference architecture study [13]. Viale et al.
(2022) uses a five hexagonal reflector with an equiv-
alent diameter of 1.016 km as compared to 1 km
employed in this paper and Çelik & McInnes (2024)
[13, 1], at 884.6 km altitude (a = 7262.8 km) circular
repeating groundtrack SSO [13]. The authors do not
optimise orbits but “anchor” the groundtrack to Sun-
Cable solar power farm (SPF-12 in this paper) and
found that 283.84 MWh of solar energy can be deliv-
ered per day [13]. The circular optimal SSO at 7378.2
km presented in Table 5 already presents a significant
improvement to this result, as also discussed in Çelik
& McInnes (2024) [1]. In terms of circular orbits, the
medium-sized orbit also presents a considerable im-
provement compared to Viale et al. (2022), but the
same is not observed for the largest orbit. For the
elliptical orbits, the results for the largest orbit im-
prove considerably and become comparable to Viale
et al. (2022), albeit still delivering less energy. More-
over, if the same reflector size is used in the largest
orbit as Viale et al. (2022) (i.e., 1.016 km diameter),
the area would have been increased by approximately
3.22%, yielding an increase in the energy delivery by
the same quantity, i.e., from 262.2 MWh to 270.1
MWh, according to the discussion in Sec. 2, result-
ing a comparable energy delivery. These results show
that the limitations of higher altitude circular orbits
in terms of orbiting reflector applications can be mit-
igated and in fact improved by employing elliptical
orbits with or without increasing the reflector size.
A further increase in the quantity of energy delivered
can be obtained by expanding this single orbit results
to constellations, which will be discussed next.

6. Discussion: Orbiting Solar Reflector
Constellations

The results presented in earlier sections can now
be expanded to a full constellation. A small number
of 10 reflector satellites are considered for this dis-
cussion. As discussed in Sec. 3, the reflectors can
be placed and synchronised with the Earth’s rotation

and oblateness effect in such a way that they would
all follow over a ground target. In that case, only
Ω and mean anomaly of the orbits would need to be
altered while the rest of the orbital elements would
be same. In this case, a phase angle ϕ = 15 deg is
selected to place the satellites. An illustration of the
constellation is shown in Fig. 4 from the results in
Table 8.

From the figures, it is possible to observe that re-
flectors are approximately 15 deg apart from each
other. Particularly for the largest orbit, the ellipticity
is apparent. All reflectors are away from the Earth’s
shadow, which validates the aim of constellations to
be away from eclipses.

The favourable placement of the reflector’s in sub-
sequent orbits mean that the quantity of energy de-
livered can be scaled linearly with given number of re-
flectors, i.e., E = NEtot, where N is the total number
of reflector satellites. The post-processed total daily
quantity of energy delivered will be used for this anal-
ysis. For N=10, the total quantity of energy deliv-
ered per day is equal to 3741 MWh for a=7378.2 km,
3188 MWh for a=7500 km and 2622 MWh a=8000
km orbits, respectively. Approximately 10% of the
solar energy delivered can be converted to electricity
with the current terrestrial solar energy technology.
Compared to respective circular orbit cases with the
same number of satellites, this represents 3%, 4.5%
and 17% increase for each orbit considered, respec-
tively. Note that the for the former two values the ec-
centricities are very modest (0.01 and 0.0075, respec-
tively) and the percentage increase is much higher for
the original, unprocessed optimisation outcome. The
results demonstrate that between circular and very
modest eccentricities, a performance increase is pos-
sible, mitigating some of the altitude constraints for
orbiting reflector applications.

It was discussed previously in Çelik & McInnes
(2024) that a constellation of ten orbiting reflectors
at 1000-km altitude circular SSO can enable electric-
ity generation equivalent to a terrestrial solar power
farm, albeit distributed globally [1]. The same discus-
sion can be extended to the constellations discussed
here. Particularly for the smallest orbit, elliptical
orbits represent a further improvement. For the mid-
sized orbit, the quantitative result is similar to the
smallest orbit in the elliptic case, despite the higher
semi-major axis length. The largest orbit is smaller
compared to the other two but still high compared to
equivalent circular orbit. An important point to note
that these results are based on a single reflector size
for all orbit sizes. Larger orbit radii typically require
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(a) a=7378.2 km (b) a=7500 km (c) a=8000 km

Fig. 4: An illustration of the constellations at three different semi-major axis cases from Table 8 with ϕ=15
deg.

less control torques, therefore larger reflectors can be
accommodated for a controller in circular orbits [31].
Elliptical orbits complicate this interpretation due to
varying instantaneous distance from the Earth, but
nevertheless, the quantity of energy delivered can be
increased further by larger reflectors.

Large reflector in low-Earth orbit (LEO) space face
increased collision with space debris and atmospheric
drag even at relatively higher altitudes compared to
conventional smaller sized satellites. The LEO envi-
ronment is the most congested between 700-1000 km
SSO zone, and poses a significant danger to orbiting
reflectors missions considered in this region [13, 1, 21].
Smaller size, higher number of reflectors may be con-
sidered for lowered individual collision risk and alti-
tude loss due to drag, but the mission lifetime can
be extended further by avoiding these altitudes all
together, at least for a portion of the orbit. Ellip-
tical orbits enable such a strategy without loss of
performance and often improvements. Implementa-
tion of such a strategy could significantly enhance
the flexibility in mission design for orbiting reflec-
tor, which can also be combined with other strate-
gies such as smaller reflectors. Elliptical orbits may
also be considered for temporary orbits to avoid a
collision risk, staging orbits for constellation recon-
figuration, more heterogenous constellations mixing
different types of orbits to optimise energy delivery
to smaller solar power farms, which are more com-
mon, or to deliver energy from multiple orbit shells,
adjusting solar power density in certain hours of the
day and deliver energy for a longer pass duration for
global clean energy generation.

7. Conclusions

Terrestrial solar energy generation can be en-
hanced by employing constellations of orbiting solar
reflector that locally illuminate solar power farms.
Circular orbit constellations have previously shown
as promising candidates for scalable, predictable and
continuous solar energy delivery but the altitude de-
pendency of the quantity of energy delivered limits
the choice of orbits considerably. Instead elliptical
orbits can provide greater flexibility in mission design
little to no performance loss. This paper therefore in-
vestigates the effectiveness of elliptical orbits in the
design of orbiting reflector constellations.

The constellation design is simplified by using an
analytical formulation that distributes the satellites
in the right ascension of the ascending node space
such that each satellite follows the same groundtrack.
This means that a single orbit optimisation is suffi-
cient to describe the constellation. This optimisation
is performed by a genetic algorithm with an objective
to maximise the total quantity of energy delivered per
day to 12 existing solar power farm. Initial analy-
sis performed by polar orbits to remove eccentricity-
inclination coupling in the Sun-synchronous orbits
(SSO) and it was found that modest eccentricity can
increase the value of the objective function compared
to circular orbits. Part of this result is due to the
opportunity to tune the eccentricity in such a way
that solar energy delivery is maximised to notional
disk shaped solar power farms. The analysis with
SSOs is conducted in multiple steps by a grid search
in eccentricity with an initially fixed and later free
argument of periapsis value, which is later extended
to free eccentricity for three different semi-major axis
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values. In all cases considered, a significant improve-
ment has been observed in the final quantity of total
energy delivered with respect to circular orbit results.
However, this means that some overlapping passes ex-
ist between closely located solar power farms, which
may mean that, in reality, there would be less power
delivered that the optimisation results. Neverthe-
less, the consideration of elliptical orbits would pro-
vide enhanced flexibility in mission design, particu-
larly in terms of avoiding enhanced atmospheric drag
and space debris fields in low-Earth orbit space, often
with improvements in performance up to 20%.

This paper has only considered a limited set of or-
bits for the effectiveness of the elliptical orbits with-
out operational considerations within the optimisa-
tion. Inclusion of greater set of orbits and the se-
lection of serviceable solar power farms during could
yield even more improved results. Nevertheless, the
methodology can be applied to any constellation de-
sign applications beyond space-based solar power and
the results demonstrate the benefits of elliptical or-
bits for enhanced performance for constellations in
general and for the delivery of truly global clean en-
ergy from space.
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