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For designing and evaluating new concepts for HALE platforms, the energy provided by
solar cells is a key factor. The purpose of this thesis is to model the electrical power which
can be harnessed by such a platform along any flight trajectory for different aircraft designs.
At first, a model of the solar irradiance received at high altitude will be performed using the
solar irradiance models already existing for ground level applications as a basis. A calculation
of the efficiency of the energy generation will be performed taking into account each solar
panel’s position as well as shadows casted by the aircraft’s structure. The evaluated set of
trajectories allows a stationary positioning of a hale platform with varying wind conditions,
time of day and latitude for an exemplary aircraft configuration. The qualitative effects of
specific parameter changes on the harnessed solar energy is discussed as well as the fidelity of
the energy generation model results.

Nomenclature

δ Solar declination (–)
η Efficiency (%)
Γ Day angle (◦)
λg Longitude aircraft (◦)
ω Hour angle (◦)
φg Latitude of the aircraft (◦)
τ Rayleigh optical depth (–)
A Solar cell area (m2)
a Sun azimuth angle(◦)
ao Ozone absorption coefficient (–)
au Unmixed gases absorption coefficient (–)
co Ozone amount (atm-cm)
D Eccentricity correction factor (–)
d Day number within the year (–)
e Sun elevation angle(◦)
E0 Extraterrestrial irradiance (W.m−2.µm−1)

EQE Quantum efficiency (%)
hg Altitude of the aircraft (m)
hO3

Height of max ozone concentration(m)
Id Direct irradiance (W.m−2.µm−1)
Is Diffuse irradiance (W.m−2.µm−1)
Itot Total irradiance (W.m−2.µm−1)
kPmax,T◦ Temperature Coefficient (%.◦C−1)
Mo Relative ozone mass (–)
SR Spectral Response (A.W−1)
t Tilt angle of the solar panel (◦)
TG Unmixed gases transmittance (–)
tH Hour of the day (hours)
TO Ozone transmittance (–)
TR Rayleigh transmittance (–)
TNOCT Nominal Operating Cell Temperature (◦C)
z Sun zenith angle (◦)

I. Introduction

The Institute of Flight Systems of the German Aerospace Center (DLR) aims at implementing the full de-
sign process of an unmanned high altitude long endurance platform (HALE) powered by solar energy. In

the process of designing of a solar powered system able to perform ideally a perpetual flight, a solar energy
generation model is one of the main issues. A good simulation of the energy generated for every position of the
aircraft and at any time should confirm the feasibility of the planned mission and might give some improve-
ment guidelines on the mission planning or on the aircraft design. Several studies have already been done on
the design of solar powered HALE platforms,1 on harnessing solar power at high altitude,2 and on perpetual
flight.3 In order to come up with the most accurate estimation of the amount of solar energy received by the
aircraft during its mission, one needs to model the solar radiation at every point on the Earth atmosphere
and at any moment. Several scientists have already modelled the solar irradiance for ground level applications.
However, those models give an estimation of the solar radiation at the Earth surface only (or up to the lower
troposphere). In this study, the average location of the unmanned aircraft would be at least in the lower strato-
sphere. The first task will be to determine if these models are still valid at high altitude, and if not, to improve
them to take the altitude variation into account in Section II. Then, the model of the aircraft and its solar
panels performed in Section III is necessary in order to perform simulations with given trajectories in Section IV.
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II. Solar Radiation

The solar radiation received by the Earth at the top of the atmosphere, called extraterrestrial solar radiation,
varies along the year and also almost periodically along the centuries because of the inconstant solar activity.
However, the variation over the centuries can be neglected compared to the variation along the year and the
solar luminosity is considered as a constant. Then, the extraterrestrial radiation (brightness) is a function of the
Earth-Sun distance, which varies along the year. Figure 1(a) gives the extraterrestrial radiation E0 for every
wavelength λ emitted by the sun. Then, by multiplying this value by the eccentricity correction factor D (Eq.
(1)) which is dependent on the day angle Γ (Eq. (2)),4 the extraterrestrial radiation can be computed for any
day in the year at any wavelength.

D = 1.00011 + 0.034221cos(Γ) + 0.00128sin(Γ) + 0.000719cos(2Γ) + 0.000077sin(2Γ) (1)

Γ = 2π
d− 1

365
(2)

This extraterrestrial radiation will penetrate the Earth atmosphere until it reaches a HALE platform. During
its travel, the radiation intensity will decrease due to different phenomena which have to be modeled. This
section first presents the solar irradiance model and then focuses on those phenomena, describing which are
taken into account in this model and how their effect on the total solar irradiance is calculated.

(a) Extraterrestrial irradiance (b) Irradiance at ground level

Figure 1. ASTM G173-03 Reference Spectral, derived from the software SMARTS v.2.9.2

A. Simplifications of the solar radiation model

1. Clear sky

One of the reasons why the HALE platform flies in the lower stratosphere (between 15 and 25 km altitude)
is because the cloud layer is located in the upper troposphere (between 8 and 12 km altitude). Hence, HALE
platform cruise flight should not get overcast flight condition. The model can then consider clear sky condition
at any time. Only some few clouds such as the noctilucent clouds can be formed at high altitude (around 80km
high) but they are very thin clouds and their effect on the solar radiation beam is not considered.

2. Dry air

On the Earth’s surface, the shape of the solar radiation is shown by the bold curve on Figure 1(b). This curve
moves upwards or downwards depending on the distance traveled by the radiation beam through the atmosphere
(air mass) but the shape is similar. One can observe that locally at some wavelengths, the radiation partially
or completely disappears because it does not make it to the Earth surface. These local diminutions of the solar
radiation are mainly due to the absorption of the given wavelength by particles like unmixed gases or water
vapor. The most important effect is due to the water vapor.5 However, the stratosphere is considered as a very
dry environment,6 having less than 0.05% of the maximum amount of water vapor found at the ground surface
(which is around at most 4% of the air mass). The dry air approximation is then a good approximation for this
model.
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3. Clean atmosphere

Figure 2. Figure from the Atmospheric
Attenuation Model, Elterman7

The air in the stratosphere and above can be assumed rather
clean. Indeed, the concentration of aerosols at that altitude
is quite low (figure 2), about 10−2 particles par cm3 which
lowers the probability of scattering to about 0%.1 Neglect-
ing the aerosol scattering at high altitude is, therefore, rea-
sonable. The scattering induced by the aerosols below the
tropopause has a strong impact on the reduction of the re-
ceived energy on the surface of Earth. Solar radiation models
for ground level applications strongly underestimate the so-
lar energy at high altitude for all the reasons aforementioned.
Those are the reasons why a new model for high altitude ap-
plications is needed.

B. Atmospheric model

The International Standard Atmosphere (ISA) model8 which provides the air temperature, air pressure and
density for any altitude will be used in this study. However, a slight improvement will be made: the model will
be latitude dependent by changing the altitude of the tropopause, according to a table in Ref.8

C. Solar irradiance computation

1. Direct irradiance

The direct irradiance (the irradiance coming directly from the sun to the surface) is the extraterrestrial irradiance
multiplied by a set of coefficients T called transmittances. These coefficients, whose values are between [0,1],
represent the part of the radiation which is scattered or absorbed by the molecules in the atmosphere. After
applying the simplifications aforementioned to the formula of the model in Ref.,9 Eq. (3) is obtained:

Id(λ) = E0(λ) · TR(λ) · TO(λ) · TG(λ) (3)

2. Diffuse irradiance

The diffuse irradiance is the component of the received irradiance which comes from another direction than
the direct irradiance. This component is not coming directly from the sun but has been scattered by Rayleigh
scattering, aerosol scattering or reflected by the ground. The aerosol scattering is not considered, as well as the
ground reflection which depends on the type of ground, the presence of clouds. In this study, solar panels on
the lower part of the aircraft are not considered even though the possibility of a cloud reflection exists (cloud
albedo have a broad range of values depending of many unknown parameters which cannot be integrated in this
study). With those simplifications, only the Rayleigh scattering component is considered.

Is(λ) = 0.5 · E0(λ) · cos(z) · TO(λ) · TG · (1− TR(λ)) (4)

3. Total irradiance

The total irradiance is the sum of the direct and the diffuse irradiance. The angle between the sun ray direction
and the normal vector to the solar panel surface is called the incidence angle. The direct irradiance decreases by
a factor of cos(i), being i=0◦ the condition for the direct irradiance to be fully received.The diffuse irradiance,
which comes from the irradiance which has been scattered by different phenomena, varies with the tilt angle t
of the surface. Finally, the total irradiance is calculated with Eq.(5)

Itot(t, λ) = Id(λ) · cos(i) + Is(λ)

(
Id(λ) · cos(i)
E0(λ) · cos(z)

+ 0.5(1 + cos(t))(1− Id(λ)

E0(λ)
)

)
+ 0.5rG(Id(λ) · cos(z) + Is(λ))(1− cos(t)) (5)

D. Rayleigh scattering transmittance

The Rayleigh scattering transmittance is calculated using Eq.(6), where τ is the optical depth. It is very
important to get an accurate value for the optical depth. It is related to the amount of air the radiation is
going through. The first step is to calculate the refractive index10 of the air at the given altitude, and then the
optical depth11 τ can be calculated.

TR(λ) = e−
τ

cos(z) (6)
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The following equation is the Stephens approximation11 for the optical depth τ depending on the altitude.
However, to avoid any inaccuracy due to approximations, which are only valid for given range of altitudes and
wavelengths, the Penndorf’s formula of the optical depth, provided by Ref.,11 is used for this study.

τ(λ, h) = 0.0088 · λ(−4.15+0.2λ) · e(−0.1188h−0.00116h2) (7)

(a) Calculation with Penndorf’s formula (b) Calculation with Stephen’s approximation

Figure 3. Rayleigh transmittance at different altitudes

E. Ozone model

(a) Van Heuklon Model12 (b) Ozone vertical repartition6

Figure 4. Ozone repartition in the atmosphere

Figure 5. Ozone transmittance
versus the wavelength9

The ozone repartition is dependent of the altitude and the latitude.
The Van Heuklon ozone concentration model12 gives the ozone concen-
tration expressed in Dobson Unit at any latitude on the Earth surface
(Figure 4(a)). This unit corresponds to all the Ozone over a certain area
at ground level, compressed down to 0◦C and at 1 atm. 1 Dobson Unit
is equivalent to 2.69·1020 ozone molecule per square meter. The ozone
concentration co located only above the HALE platform cannot be ex-
tracted from this data. However, according to Ref.,6 the ozone vertical
repartition is not homogeneous and 90% of the ozone is located in the
stratosphere between 15 and 35 km altitude. The solar rays go through
almost 90% of the ozone by going through the ozone layer where the

ozone concentration is the highest, before reaching the HALE platform (which flies around 15 km high). By
considering instead that it goes through 100% of the Ozone in that area, one can expect the solar irradiance
calculated to be slightly lower than the real irradiance reaching the aircraft. The calculation of the ozone
transmittance (Figure 5) is done using the Eq. (8) and the ozone absorption coefficient9 ao(λ):

TO(λ) = e−ao(λ)coMo with Mo =
1 +

hO3

6370√
cos2(z) + 2 · hO3

6370

(8)
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F. Unmixed gases transmittance

Depending on the zenith angle the radiation goes through more or less ”air mass”. When the zenith angle is
zero it is AM0 (air mass 0), then the relative air mass is calculated as a fraction of AM0. So AM1.5 is 1.5 times
the air mass AM0. Using this relative air mass M and the absorption coefficient of unmixed gases9 au(λ), the
transmittance can be calculated (Eq. (9))

TG(λ) = e
− 1.41au(λ)·M

(1+118.93au(λ)·M)0.45 (9)

G. Comparison with some measurements at ground level

Figure 6. Comparison model and Iqbal’s measurements over
the month of June 1976 in Montreal, Quebec (45◦ 30’ N, 73◦

37’ W)4

A calculation of the hourly irradiance in Mon-
treal (Quebec) in June gives results comparable
to measurements presented in Figure 6. The re-
sult is, as expected, higher than Iqbal’s measure-
ments,4 which have been realized at ground level.
The simplifications used in the model (clear sky
and dry air) lead to an overestimation of the ir-
radiance at ground level if the model is used with
an altitude parameter lower than the tropopause
altitude. The curve of the model presents a peak
closely similar to the curve of the maximum mea-
surements with a positive offset. Only the max-
imum curve is relevant because the variation in
the measurements is mainly due to a higher air
humidity, more clouds or higher aerosols density,
which are simplifications made in our model.

III. Aircraft and solar panels

A. Absolute sun position

The sun position relative to the aircraft depends on the position of the aircraft (latitude, longitude) and on
the date and time. The Sun’s position on the sky is defined by two angles: zenith z (Eq. (10)) and azimuth a
(Eq. (11)), determined at any time for any position on Earth with the following equation, where δ is the solar
declination:

cos(z) = sin(φg) · sin(δ) + cos(φg) · cos(δ) · cos(ω) (10)

cos(a) =
sin(δ) · cos(φg)− cos(ω) · cos(δ) · sin(φg)

cos(e)
(11)

δ = 0.006918− 0.399912cos(Γ) + 0.070257sin(Γ)− 0.006758cos(2Γ)

+ 0.000907sin(2Γ)− 0.002697cos(3Γ) + 0.00148sin(3Γ) (12)

One can notice that the solar declination4 δ, which is the angle between the equator plane and the line going
through the sun and the Earth center, is dependent on the day angle (Eq. (2)), the hour angle (Eq. (13)) and
the latitude.

ω = −360 · tH − 12

24
(13)

This calculation is valid on Earth’s surface. However, the altitude of the aircraft can be neglected compared
to the Earth-Sun distance and it is considered that the position of the sun is the same, even if the viewer is at
a higher altitude.

B. Relative sun position and incidence angle

Depending on the attitude of the plane given by the Euler angles (φ, θ, ψ) , the solar ray reaches the solar cell
with a different incidence angle i. The vector expressing the incident sun light ~s (given by the azimuth and
the zenith angle) is expressed in the body-fixed frame using the rotation matrices (Eq. (14)) so the incidence
angle i can be calculated as the angle between the vector ~s and the normal vector to the plane of the solar cell
~n using Eq. (16).
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~Abody fixed = (Rx(φ) ·Ry(θ) ·Rz(ψ)) · ~Aground frame with φ = 180− φe θ = −θe ψ = ψe (14)

Rx(φ) =

1 0 0

0 cos(φ) sin(φ)

0 −sin(φ) cos(φ)

 Ry(θ) =

cos(θ) 0 −sin(θ)

0 1 0

sin(θ) 0 cos(θ)

 Rz(ψ) =

 cos(ψ) sin(ψ) 0

−sin(ψ) cos(ψ) 0

0 0 1

 (15)

i = acos(
~n · ~s
||~n · ~s||

) (16)

C. Shadow casting

Figure 7. Ray casting visualization on the ASK21 glider model

Depending on the position of the
plane, the radiation beam might also
be blocked by some other part of the
aircraft. The solar cells are meshed
and by tracing a vector between each
vertex of each facet of the thin mesh
and the sun it can be determined if the sun rays are blocked by the geometry of the aircraft using the software
Visualization Toolkit.13 If at least a given number of vertices of a solar panel facet is in the shadow, the
incident irradiance on that solar panel facet is considered equal to zero. The mesh resolution can be adapted
to the required accuracy.

D. Solar cell model

1. Types of solar cells

There are several types of solar cells that can be used for aircraft applications.14 Thin solar cells (Amorphous
Silicon (a-Si), Copper Indium Gallium Sulphide (CIGs) and Cadmium Tellurium (Cd-Te)) might be preferred
because they are flexible and can be fixed all over the plane. However, their efficiency is only around 10%.
Silicon solar cells (Mono- and Polycrystalline) have a better efficiency (around 20%). If the solar cells are small
enough the problem due to their rigidity can be overcome. The solar spectral response must also be considered.
There is a variation in the sensitivity of different solar panels depending upon the wavelength. (figure 8). The
type of solar cells that will be used in the simulation is the A-300 Mono Crystalline Silicon Solar Cell. It is the
same solar cell used on the Helios and the SoLong solar powered aircraft.

2. Quantum energy and spectral sensitivity

Figure 8. Quantum energy for different types of
solar cells15

The calculation of the spectral sensitivity SR (in A·W−1),
which is the relative efficiency of the solar panel to detect
the light as a function of its wavelength, is done using the
quantum energy EQE:16

SR(λ) =
EQE(λ) · qe · λ
c · hPlanck · 109

(17)

3. Solar cell temperature

The efficiency of the solar cell is dependent on the temperature of the solar cell using Eq. (18). However,
the temperature depends on the ambient air temperature and also different parameters such as the incident
solar irradiance, which heats up the cell and the relative air speed which cools down the cell.17 The history
of the solar cell temperature variation needs to be taken into account as well. These circumstances make the
temperature of the solar cell difficult to evaluate with accuracy.

η =
Pmax(1 + kPmax,T◦ ·∆T )

1000 ·A
(18)

Where ∆T is the variation of temperature compared with the temperature (25◦C) at the Standard Test
Conditions (STC).
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An approximation of the cell temperature can be found in Ref.17 using Eq. (19):

Cmodule ·
dTmodule

dt
= σ ·A · (εsky(Tair − δT )4 − εmodule · T 4

module)

+ α · Φ ·A− CFF · Itot · ln(k1 · Itot)
Tmodule

− (hc,forced + hc,free) ·A · (Tmodule − Tair) (19)

However, due to a lack of data concerning those coefficients the following linear model is used:

Tmodule = Tair +
Itot · (TNOCT − 20)

800
(20)

IV. Results

A. Evaluation procedure

1. Implementation

The model is fully parametrized. It has been implemented with a Python script, using scientific packages such
as numpy.py and spicy.py. The open source software Visualization Toolkit has been used to perform
the shadow casting model. All mesh inputs are STL files and XML have been used to described the solar cell
properties. The package vanHOzone.py has been used for the ozone model.

2. Evaluated scenarios

For the simulations, four locations at different latitudes were chosen: Mexico-City (Mexico), Montreal (Quebec),
Rio de Janeiro (Brazil) and Kiruna (Sweden). Two dates in summer and winter (21/06/2014 and 21/01/2014)
have been chosen to perform the evaluation. The speed of the aircraft va = 20 m.s−1 is constant in the following
simulations and, except in the Section C, the altitude is hg = 15 km. The wind direction is also fixed with
χw = 270◦ (from West to East). The model for the temperature calculation used is the linear formula (Eq. (20)).

Telecommunications applications, for instance, require a nearly stationary trajectory for the HALE plat-
forms, which means that the trajectory starts and ends at the same position and heading. They are composed
of segments of stationary flight: straight level segments and fixed-bank angle turns with a bank angle φ = 10◦.
Three types of trajectories are considered as described below. The shape of each type is defined by the wind
crossing angle χw, the angle between the wind vector and the linear segment of the trajectory as well as the
wind to air speed ratio vw

va
.

Type α
This type is a circular trajectory with a linear segment against the wind (with a χc = 0◦). This trajectory
type can be used for stationary positioning at any wind speed by varying the length of the linear segment
which is always on the Sun’s side (Figure 9(a)).

Type β
This trajectory has a bow tie shape. The aircraft flies against the wind during the linear segments. This
trajectory type can be used for stationary positioning at any wind speed by varying the length of the
linear segment. The heading angle varies from 0◦ to 360◦. (Figure 9(b))

Type γ
For this trajectory type the aircraft performs a meandering motion and the heading is always kept towards
the wind at all times. (Figure 9(c) and 9(d)). Depending on the chosen crossing angle, a ratio vw

va
exists,

above which stationary positioning cannot be achieved with this trajectory type. For such cases the β
trajectory type is used as a fallback.

(a) α type, χc = 0◦,
χw = 270◦ and vw = 15m/s

(b) β type, χc = 35◦,
χw = 270◦ and vw = 15m/s

(c) γ type, χc = 70◦,
χw = 270◦ and vw = 15m/s

(d) γ type, χc = 35◦,
χw = 270◦ and vw = 5m/s

Figure 9. Three different types of trajectory : α, β and γ
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3. Output

The algorithm yields the average power output over one complete stationary trajectory aforementioned. The
value is the power which can effectively be used for propulsion and control of the aircraft and is expressed in
kilo-Watt.

B. Influence of the latitude

Figure 10. June, α type, vw = 15 m/s

The α type trajectory is simulated for different
latitudes at 15 km altitude with a wind speed
of vw = 15m.s−1. Figure 10 illustrates the differ-
ence on the power output in June for the different
locations. As presented below, the average power
output produced in one summer day in Kiruna is
comparable to the power produced in Mexico.

Location Average power over 24 hours

Kiruna 0,99 kW

Montreal 0,85 kW

Mexico 1,08 kW

Rio de Janeiro 0,65 kW

C. Influence of the altitude

Figure 11. Montreal, Type α, vw = 15 m/s

Along the year it can be more advantageous to choose care-
fully at which altitude to fly. Figure 11 shows the power
output generated for different altitudes. The curves present
a maximum at the altitude where the air temperature is min-
imum because the efficiency decreases as the cell temperature
increases. The shape difference between winter and summer
is caused by the difference in the received irradiance. (Eq.
(20))

D. Influence of the cell temperature

The temperature of the solar cell is the most difficult parame-
ter to estimate in this study and has, unfortunately, a strong
influence on the result (Figure 12(a)). The model used in

this study estimates low temperature for the solar cell which is very close to the surrounding air temperature.
At that low cell temperature, the solar panel efficiency is high, as are the output power results. However, as
mentioned in a research made at DLR1 in 2000, a excessively high cell temperature seems to be a problem for
high altitude solar cell applications. An accurate thermal model as well as a model which takes into account
the thermal inertia of the system has to be designed. Only measurements could perfectly verify the model. The
current simulations are performed for a given time during the day and do not take into account the previous
hours during which the sun already started to heat the solar cell. Figure 12(b) shows the difference on the
output power, where the calculation is made with the linear formula from Eq.(20) and with the differential
equation Eq.(19).

(a) Montreal at 12:00 with χc = 0◦, vw = 15 m/s (b) Montreal, Type β with χc = 45◦ and vw = 15 m/s

Figure 12. Influence of the cell temperature and of its calculation model on the power output
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E. Influence of the trajectory

As shown on the figure below: the choice of trajectory is more relevant in winter than in summer. However in
January, power energy can be produced with the trajectory γ type in Montreal, whereas in Kiruna, type α and
β are more efficient and almost double the power output of the γ type .

(a) June, Montreal, vw = 15m.s−1 (b) January, Montreal, vw = 15m.s−1

(c) June, Kiruna, vw = 15m.s−1 (d) January, Kiruna, vw = 15m.s−1

Figure 13. Influence of the type of trajectory on the output power

Figure 14. α and β types with χ = 0◦, January, vw = 15 m/s

Figure 14 compares two types of trajec-
tories : α type and β type with χc = 0◦.
In this case, the α type is half of the β type
trajectory. However, as shown by the figure,
the difference in the power output is really
low. With a larger bank angle, the differ-
ence might be more significant but in this
study the HALE platform does not fly with
a bank angle larger than 10◦.
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At different wind speeds, the output power varies as shown in Figure 15(d) for a cross angle of 70◦. However,
for a cross angle of 20◦, there is almost no variation (Figure 15(b)). A larger variation can be seen for a cross
angle of 45◦ but changing the wind speed for this cross angle changes also the type of trajectory which is the
cause of the large variation in the output power (Figure 15(c)).

(a) Type α, Montreal, January (b) χc = 20◦ (Type β), Montreal, January

(c) χc = 45◦ (Type β or γ), Montreal, January (d) χc = 70◦ (Type γ), Montreal, January

Figure 15. Influence of the wind speed on the power output

The following table shows the average over 24 hours of cycle flight. The type of trajectory γ seems better
in Montreal in January however, the results of the previous paragraph nuance that and no conclusion can be
made because the γ type actually gives the worst results in January in Kiruna .

Table 1. Average power over 24 hours depending on χc (horizontal) and the
ratio vw

va
(vertical), January, Montreal

0◦ (Type α) 20◦ (Type β) 45◦ (Type β) 70◦ (Type γ)

0.5 0.206 0.209 0,217 0,252

0.75 0,206 0,203 0,208 0,227
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V. Conclusion

The solar energy generation model is able to estimate the amount of energy generated by any kind of
HALE at any time and position in the lower stratosphere and any type of solar panel has been implemented
and fulfills the requirements concerning its flexibility. This has been shown by evaluating different stationary
trajectories using the glider ASK21 as the HALE platform structure and the solar cells A-300. The results
show the qualitative effect of different input parameters on the output power. The results show that an optimal
trajectory depends on multiple criteria, coupled between each other and it is need to take them all into account.
For instance, it is impossible to say if a type of trajectory is better than another because it depends of the set
of inputs. Moreover, the operating temperature of the solar cell depends on many parameters, which are also
dependent on the technology used to fix the solar cell on the wing, the electric component resistances, the air
flow around the wing, properties of the materials of the solar cell layers, etc. All those parameters could not
be accurately defined in this study but the results highlight the strong effect of the variation of the operating
temperature on the efficiency of the solar cell and then, on the output power.

VI. Future work

The model for solar energy generation presented in this work can be improved in various ways. The most
important is the temperature of the solar cells. A better estimation of the parameters used in the differential
equation which leads to the cell operating temperature, is necessary and an inacurate estimation of this tem-
perature can lead to large errors. It would also be interesting to map in 3D the wind speed along the latitude,
longitude and the altitude in order to get the wind speed from the position of the aircraft and not as a manual
input. More accurate studies on the aerosol repartition in the atmosphere (by latitude and altitude) could be
made and allow a better estimation of the aerosol transmittance, which was neglected in this study.
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