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In this paper, the general objective is to model and simulate the hourly irradiance followed
by an assessment of the solar potential in the city of Abeche located in the climatic region
of the Republic of Chad. Unlike previous work carried out in the study area on solar
irradiance, two hourly solar irradiance estimation models (Capderou and Liu&Jordan)
were simulated at varying tilt angles. An analysis of the quality of their estimation is carried
out through statistical methods (MBD, RMSD, MAD) of error calculation. The results
show that the first model is well adapted on a horizontal surface to estimate the solar
radiation and also during the dry season when the surface is inclined. On the other hand,

the second model is preferred during the rainy season when the surface is inclined. The
solar energy over the entire area of Abeche is estimated at 427 GWh on a horizontal surface
in January and 504 GWh for the month of August on a tilted surface. This can be exploited
by all solar technologies or applications.

1. INTRODUCTION

The development of scientific research in recent years has
led to many discoveries, proposing more efficient
technological solutions in several branches of production of
goods and services (agricultural, industrial, etc...). These
technologies sometimes require decentralized energy
production systems. Thus, the need for energy is becoming
more and more important. Chad is one of the Sahelian
countries that, thanks to its geographical position, has a very
high renewable energy potential, particularly wind and solar
energy, which unfortunately are not used to cover the
population's energy needs [1-6]. The city of Abeche covers an
area of 3,000 hectares and is located in the Sahelian climatic
zone in eastern Chad (Figure 1), with geographical coordinates
of 13°85 North and 20°85 East and an altitude of 545 meters.
It is located in a geologically contrasted area with plains,
plateaus and small mountain ranges. This city is one of the
regions of Chad where the daily sunshine duration is about 8
hours and the global radiation on a horizontal plane is
estimated at more than 5 kWh/m2.day [7]. In spite of this, its
electricity coverage rate is very low and it has a very difficult
water supply in its localities. The increasing demand for solar
energy is focusing all attention on solar solutions [8]. Thanks
to the considerable advances in scientific research in the field
of solar energy [9], innovative results are offered to the solar
industries in order to propose more effective and efficient
solutions in all their production branches [10]. However, local
applicability can only be well realized when all the necessary
information about the existing solar potential and resources is
known, available and can be easily obtained through
accessible tools [10-12]. In this context, scientific efforts have
been made in order to propose methods [13], tools and
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techniques that can be used to assess the solar resources in the
regions of the earth's surface [14, 15]. The knowledge of the
climate and its seasonal variability in a given region is an
indispensable capacity factor in the process of evaluating its
solar resources in order to find an adequate tool for
quantification [16, 17]. Thus, investigators in the literature
multiply studies on solar radiation modeling using several
processes to evaluate the solar potential [18]. The estimation
of solar radiation can be done on a monthly, daily or hourly
basis and the radiation models are chosen according to the type
of resolution required and also with respect to the availability
of the necessary data as input to the model. In general, in the
case of daily and monthly solar radiation estimates, empirical
models that on the one hand use sunshine duration
measurements and on the other hand do not use sunshine
duration measurements [19], techniques based on the use of
artificial neural network [20], long-term daily global radiation
estimation models [21] and many other techniques [22-24] are
useful. In the case of hourly estimation of solar radiation,
radiation prediction models [25] and estimation models often
called semi-empirical models [4, 26, 27], are the models used
in previous works in the literature. Studies have been carried
out to evaluate the solar potential in the city of Abeche with
the aim of developing solar energy as a source of energy that
is not only abundant and free but also environmentally friendly.
Babikir et al. [28] evaluated the potential of hourly global solar
radiation in five cities in Chad, including Abeche, by
proposing a solar radiation estimation model. However, the
diffuse and direct components of solar radiation are not
evaluated, yet the knowledge of the values of these
components is important for the choice of the different solar
technology systems that can be used and also the orientation
of the collection surface to optimize the collection of incident
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radiation. Soulouknga et al. [7] have proposed empirical
models to evaluate the daily global solar radiation on the
ground on a horizontal plane in the Sahelian climatic region.
These models estimate more the global radiation on horizontal
surfaces and require the knowledge of several input
parameters  (sunshine  duration, pressure, humidity,
temperature). This not only makes the use of the model
difficult but also does not give enough information about the
solar potential in the city as a whole. It is therefore necessary
to use estimation models called semi-empirical models, which
require reliable data on the geographical coordinates of the
study area.

The objective of this study is to model and simulate the
hourly irradiance and then to evaluate the daily hourly solar
radiation potential on different planes with respect to the
ground from an estimation model satisfying the climatic
conditions in the city of Abeche at variable angles of
inclination (horizontal and tilted) of the sensor with respect to
the ground. In this work, the Capderou model and the
Liu&Jordan model are chosen to estimate the hourly solar
potential in the city of Abeche. This choice is motivated by the
reasons provided above and the limitations of the models
proposed to evaluate the solar radiation in this city. In addition,
in the literature these models are much more appreciated for
their estimation qualities on different planes of capture and
their ease of use when only the data of the geographical
coordinates of the locality are known with certainty and
available [4, 29, 30]. In a first step, both models will be used
to evaluate the global irradiance on a horizontal plane and the
values of their estimates will be compared to the data from the
SoDa-HelioClim-3 database used as reference data (or
measured data) in this work. Statistical techniques for error
evaluation will be used to assess the models on a monthly and
annual basis. After the validation of the best model, it will be
useful to estimate all components of solar irradiance (global,
direct and diffuse) on a horizontal ground plane. In the second
step, the same procedure will be repeated in the case of a
surface inclined to the ground, until the evaluation of the
hourly solar potential. In both cases of studies carried out, the
validation of the models is made on the global component of
the solar radiation.

; ' Ndjamena

Mongo \_

Moundou

Figure 1. Map of solar potential in Chad. It is the potential of
the global solar radiation on horizontal plane (published by
World Group Bank, ESMAP, https://globalsolaratlas.info)
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2. MATHEMATICAL MODEL
2.1 Astronomical parameters

The position of the sun in the sky can be well known at any
time of the day by the knowledge of parameters like solar
declination, hour angle and sun height and sun azimuth [16].
From there, some astronomical parameters like the extra-
atmospheric radiation, the true solar time (TSV) and the
equation of time (ET) can be calculated. Their determination
is essential in the development of mathematical models of
solar radiation. The relation to calculate the height of the sun
is given by the Eq. (1) [16]:

sin(h) =[ cos(d )cos(4)cos () +sin(¢)sin(d) ] (1)

Solar declination d can be determined from the Eq. (2)

360, .

| _ ) . 360
d:arcsm{O.SG%m(E(J_82)+23m((1_2)%n} @)

With j Klein’s number of days [18], and ¢ the latitude of the
study area expressed in degrees.

The hour angle Q is calculated using the following relation
[11]:

Q=15(TSV -12) 3)

By using the true solar time (7SV) obtained from the Eq. (4):

A

TSV =TL-DE -—+ET 4)
15

where, A is the longitude of the study area, TL the local time
and ET equation of time obtained by Eq. (5):

ET =9.87sin(2r7)—7.357—L1.5sin(7) (%)
With
360, .
=——(]-81),DE=1
"= 3650781 ©

2.2 Capderou model

The mathematical formulation of this model takes into
account the two types of surface depending on whether
relation to the ground [4].

2.2.1 Horizontal plane estimation model

Linke’s disorder factor. As it passes through the atmosphere
solar radiation undergoes several phenomena such as
scattering absorption and emission through air molecules,
particles in the atmosphere, aerosols. These aspects are taken
into account in the mathematical formulation of the Linke’s
disorder factor. This is subdivided into three sub-factors taking
into account the different atmospheric disturbances. It is noted
77 and calculated by the relation:

TI=T,+T,+T, (7)



The disorder due to gas absorption 7} is calculated from Eq.

(8):

T, = 2.4-0.9sin($)+0.1Ahe(2+sin(¢))

8
-0.22-(1.22+0.14Ahe)(1-sin(h)) ®)

With the winter-summer alternation Ahe given by the
expression (9):

. (360 ,.
Ahe —sm(ﬁ 0-121)} 9)

The aerosol diffusion disorder is a function of the winter-
summer alternation noted 7. It is calculated from Eq. (10):

T, =(0.9+0.4Ahe)(0.63)" (10)
where, z is the altitude of the location expressed in kilometers.
The disorder due to the absorption noted 7; by gases (02, CO,
and O3) and to the molecular diffusion of Rayleigh is obtained
from the expression (11):

T = (0.89)Z (11)

Beam radiation. The first component of solar radiation is
calculated from the following expression.

Iy =l sin(h) (12)

where, the normal incident solar radiation can be obtained by

the relation (13):
I =1l,ex I 09+9.4Sin(h) )
ror = s &P ' 0.89°

13)
I a function whose expression is as follows:
360, .
I =1,/1+0.033cos| —(j—-2
-1 (32ti-2)] (14

1o=1367W/m? is the solar constant.

Diffuse radiation. The diffuse solar radiation on a horizontal
plane per sky is given by the expression (15):

Ide=ISexp(—1+1.06ln(sin(h))+a1— af+bf) (15)
With,

b, =log(T1-T,)—2.8+1.02(1-sin(h))’

16
And a =1.1 (16)

Thus, the global component can be deduced and given by:

(17

IG,H = ID,H + Id,H
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2.2.2 Estimation model on an inclined plane

The inclination of the receiving surface of the incident solar
flux is an optimal system in the collection of the solar flux.
This allows the receiving surface to receive more of the normal
incident flux and other diffuse radiation from the sky, thus
increasing the overall component.

Beam radiation. The direct component is determined by the
relationship:

ID,I = Inor COS(i) (18)

This expression depends on the angle of incidence i which
is determined from the equation:

cos(i) = sin(«) sin(Q2) cos(y) cos(d)

+cos(a) cos(y) [cos(€2) cos(d)sin(¢) —sin(d) cos(¢)]  (19)
+sin(y) cos(€2) cos(d) cos(¢g) +sin(d)sin(¢)
With

=55 (20)

When the receiving surface is facing south, the angle a is
zero. The angle that the receiving surface makes with the
horizontal when it is tilted is . It varies according to the cases
studied.

Diffuse radiation. The diffuse component received on a tilted
surface is composed of the diffuse irradiance from the ground, the sky
and the backscattered diffuse irradiance. This can be formulated
mathematically as follows:

Id,l Id,sky+|d,ground +Ir (21)
The first component is the fraction of solar radiation
diffused by the sky when it receives the incident solar flux. It

is calculated by the following relation (Eq. (22)).

lg gy =T cOS(i) +(L+sin (7))% +T, cos(y)

with (22)
a=31-0.4b

b=1In(T,-T,)-2.28-0.5In[sin(h)]

T, =l exp [—2.48+sin(h) +a—(a’+b’ )1/1 (23)

The isotropic component for a sky of uniform luminance:

I, =1y, —TI;sin(h) (24)
The horizon circle component:
-0.02 .
I,=1,| ———— |exp|sin(h
’ S[a22+a2bz+l.8j psin(m]
with (25)

b, =exp(0.2+1.75In(sin(h)))
a, =In(T,—T,)-3.1-In(sin(h))



The second component of the diffuse radiation on a tilted
surface, coming from the ground, is determined from Eq. (26),
a function of the albedo.

1-sin(y)

I =Plen 2

d,ground

(26)

The diffused backscattered irradiance which is the third
component is calculated from the equation:

1, =0.9(p-02)lq, exp(—

4
ﬁj @7

From expressions (18) and (21), the global radiation on a
tilted surface can be deduced.

2.3 Liu&Jordan model

Like the Capderou model, it takes into account in its
mathematical formulation the quantification of the flux
incident on different surfaces (horizontal and tilted). This
model is very popular in the literature in practice when the
estimation of solar radiation is made on a tilted surface of any
angle from the horizontal [28].

2.3.1 Model of estimation on horizontal plane
Beam radiation. The relationship to calculate its direct
component on the ground on a horizontal plane is written as:

Iom =(plsin(h)exp[ (28)

1
@,sin(h+2))

where, the parameters ¢; and ¢ are chosen according to the
state of the atmosphere from Table 1.

Table 1. Values of the parameters

State of the sky 01 D3 02
Clear sky 1300 87 6
Medium sky 1230 125 4
Cloudy sky 1200 187 5

Diffuse radiation. Thus, the diffuse component of solar
radiation is calculated from the relationship function of the
height of the sun in the sky and the parameter representing the
state of the sky:

. 0.4

lyw =@ [sin(h)] (29)
2.3.2 Estimation model on an inclined plane

Beam radiation. The calculation of the direct component of

solar radiation for this type of surface is made from the
following relationship:

cos(i)

ID,I :(IG,H - Id,H )F(IZ)

(30)

i- is the zenith angle. It is related to the height by the relation
(31):
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. Vs
i,=—-h
)
The Diffuse component is obtained by using the following
relationship:
Id,I =Isky-i_lre (32)
The first component is the incident flux received by the sky
and is diffused. The relation that allows to calculate it is:

1+cos(p)

o =lan =

sky

(33)

The second is the Diffuse Solar Flux coming from the
reflection on the ground of the global solar flux. It is obtained
from Eq. (34):

1+cos(p)

> (34)

I :p(ID,H +Id,H)

The sum of Eq. (30) and (32) gives the global component.
2.4 Statistical evaluation methods

The statistical indicators of error calculation are used to
measure the performance of the models. This makes it possible
to compare them and to choose the one most adapted to the
climatic variability of the study area. The indicators chosen are
the mean bias deviation (MBD), the mean absolute deviation
(MAD) and the root mean square deviation (RMSD) [11].
These are relative errors expressed in terms of percentage and
calculated from the following relationships:

13 Iei _Imi
MBD==) &ML (35)
Nz m,i
13 Iei _Imi
MAD ==%"|-2Lmo (36)
Nz Iml
RMSD = (37)

where, n is the number of observations, e means estimated and
m means measured.

3. RESULTS AND DISCUSSIONS

In this section, the solar radiation is evaluated over an
assumed horizontal surface with respect to the ground. In
Figure 2, the monthly variations of the hourly global irradiance
estimated by the models are simulated and observed. For each
month of the year, the hourly evolution during a day is
compared to the HelioClim-3 data (named on the figures
"data"). During the months of December, January and
February, the estimated global radiation values are all close,
with a very small difference observed between 6am and 9am
and 3pm and 6pm showing a strong positive correlation



between the models. Compared to the measured data, between
6am and 9am both models tend to underestimate the global
radiation and overestimate it between 12pm and 6pm. These
differences from noon to sunset become more and more
important and go up progressively during the following
months until the sunrise in August, before tightening slowly
until the end of autumn to reach 11h during a day. Over the
whole months, from noon onwards, both models have
difficulty in approaching the measured values, which makes it
appear that the estimates are better than between sunrise and
noon.

3.1 Evaluation of solar radiation on a horizontal plane on
the ground

In this section, the solar radiation is evaluated on an
assumed horizontal surface with respect to the ground. In
Figure 2, the monthly variations of the hourly global irradiance
estimated by the models are simulated and observed. For each
month of the year, the hourly evolution during a day is
compared to the HelioClim-3 data (named on the figures
"data"). During the months of December, January and
February, the estimated global radiation values are all very
well correlated, with a very small difference observed between
6am and 9am and 3pm and 6pm showing a strong positive
correlation between the models. Compared to the measured
data, between 6am and 9am both models tend to underestimate
the global radiation and overestimate it between 12pm and
6pm. These differences from noon to sunset become more and
more important and go up progressively during the following
months until the sunrise in August, before tightening slowly
until the end of autumn to reach 11 hours during a day. Over
the whole months, from noon onwards, both models have
difficulty in approaching the measured values, which makes it
appear that the estimates are better than between sunrise and
noon.

These observed deviations, which are the results of over-
and under-estimations, may be due to the fact that the models
used are deterministic and that there is no term in the
mathematical formulation that takes into account some
meteorological  phenomena, unobserved atmospheric
disturbances such as water vapor and others that influence the
radiation incident on the passage of the atmosphere. In other
words, it could be said that some specificities of the climate in
the city would not be taken into account by variables in the
models or they would not be well taken into account. In
addition, the shadows due to the city's relief, which influence
the solar power received on the ground, would not be taken
into account. The two models show a good agreement with the
data measured from the calculation of the correlation
coefficient (Capderou R = 0.966 and Liu&Jordan R = 0.953)
and the results presented in Figure 3 for the Capderou model
and Figure 4 for the Liu&Jordan model.

On the whole of all the months, the Capderou model is
better fitted than the Liu&Jordan model referring to the results
of comparison of the errors calculated in the estimates of the
global radiation values by the different models on a horizontal
surface in Figure 12 where the three error calculations validate
the model and also of the results of Figure 5 describing the
differences between the daily averages taken over a month of
the irradiation values. Table 2, in a general way from the
average of MAD, MBD and RMSD validates the Capderou
model as the best adapted to estimate the global solar radiation
on a horizontal surface in this city.

Table 2. Comparison of statistical results of the errors of the
global irradiance estimates on horizontal plane of the two
simulated models in percent (%)

MBD MAD RMSD
Capderou 129 12.9 16
Liu&Jordan  23.7 23.7 28.5
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Figure 2. Comparison between monthly evolutions of hourly global irradiance estimated by the models and the data measured on
a horizontal plane
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Figure 5. Comparison between the monthly average values
of daily global irradiation estimated by the two models and
those measured on a horizontal surface

After validation of the estimation model, all the solar
radiation components on a horizontal plane are simulated and
their daily evolution during every month is described in Figure
6. Thus, their hourly variability can be evaluated giving rise to
an estimate of solar energy that can be exploited each hour of
the day for conversion into either thermal or electrical energy.
The direct component grows strongly during the day and
reaches an average of 350 W/m? at 8 am and is around 400
W/m? at 3 pm. The maximum value reached is on average
800W/m? around noon. This can heat fluids up to high
temperatures that can be used and also make the photovoltaic
panels work optimally. Thus, during each hour of the day in
January, the solar energy received is estimated to be 410
Wh/m? or 12710 Wh/m? the whole month. This can be
estimated at 381 GWh for the entire city area. For the global
radiation, the flux received each hour of the day in January is
estimated at 14260 Wh/m? or 427 GWh for the whole month.
This potential shows that photovoltaic and thermodynamic
solar technologies can be installed and used in the climatic
conditions of the city of Abeche.
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Figure 6. Monthly evaluation of hourly solar irradiance components on a horizontal plane by the Capderou model
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3.2 Evaluation of solar radiation on a plane inclined to the
ground

In this second section, solar radiation is evaluated on a
surface tilted at an angle of 15° from the horizontal and
oriented to the south. The global solar radiation is estimated
by both models and the estimated values are compared with
those of the measured data in Figure 7. The two models are
strongly correlated during the days of February, March,
September and October. Compared to the measured data the
models as in the case of a horizontal surface, before noon are
slightly more approaching the ideal and afterwards
overestimate the solar radiation values until sunset. This is true
for all months of the year. It can be seen that from the middle
of autumn to the end of winter (the so-called arid season), the
Capderou model gives good and significant results where the
calculated errors on average do not exceed 20% (Figure 12),
while during the other months or periods (the so-called pluvial
season), the Liu&Jordan model presents the most minimal
errors. In general, the estimated values of radiation by both
models are well correlated with the measured data (Capderou
R = 0.947 and Liu&Jordan R = 0.965). There is a linear
relationship between them i.e. the estimated values can be
explained by the measured values. This is described in Figure
8 and Figure 9.

It can be seen that between the months of May and
September the errors are significant, reaching about 60%. This
is due to the fact that during this period, the sky is on average
covered. The model of Liu & Jordan has taken into account the
different states of the sky from the fixed parameters
(constants), while when the sky is for example covered; the
cloudiness varies from one month to another and the same for
a clear sky. In Capderou's model, we notice that the state of
the sky has been implicitly taken into account via the incident
diffuse irradiance from the sky, so this could be due to a bad
specification in that the radiation on an inclined plane depends
on that on a horizontal plane. This reasoning can be supported

by the results in Figure 12 showing the limitations of the model
during overcast periods in the case of a tilted surface. It can
therefore be said that the analyses made in the case of solar
radiation on a horizontal plane are valid in the case of a tilted
plane for both models. According to the climatological table
of the locality, the cloudiest period of the year begins in April
and ends in October. This would explain the high values of the
errors calculated during these periods (Figure 12). The month
with the highest cloudiness is August, which explains the
maximum error observed (according to the three error
calculations) in this month (Figure 12). We can see that during
periods of clear skies (very low or insignificant cloud cover)
the Capderou model has minor errors and therefore better
estimates of solar radiation (Figure 9). On the other hand,
during periods of overcast skies (high cloudiness) the
Liu&Jordan model has minor errors and therefore better
estimates of solar radiation (Figure 10). An annual evaluation
of the errors of the two models was made and the results are
presented in Table 3. They indicate that the Liu&Jordan model,
on annual average, is better than the Capderou model on a
tilted surface.

The results obtained in Figure 10 support the analysis in
Figure 12 and the described adaptability of the models to the
existing climatic seasons (arid and pluvial seasons) in the city
of Abeche.

After the validation of the model, all components of solar
radiation are then simulated. From Figure 11, the solar energy
received each hour of a day can be evaluated. The evaluation
of the hourly potential of the direct component makes it
possible to project the hourly operation of solar
thermodynamic systems. The tilt of the receiving surface
increases the diffuse and direct components. The direct
component increases significantly at sunrise and reaches a
maximum value of 800 W/m? (Figure 11). This hourly
distribution is well favorable for solar systems using
thermodynamic processes when they do not have a solar
tracking system and also the photovoltaic system.
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Figure 7. Comparison between the monthly evolution of the hourly global irradiance estimated by the models and the data
measured on an inclined plane
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Figure 8. Linear relationship between the measured values
and the values predicted by the Capderou model for an
inclined plane on the ground. R is the linear correlation

coefficient and the equation y=ax+b is the linear regression

model

Table 3. Comparison of statistical results of the deviations of
the global irradiance estimates on inclined plane of the two
simulated models in percent (%)

MBD MAD RMSD
Capderou 222 22.2 28.2
Liu&Jordan 184 18.4 20.9

During all the days of the year, at 8 am the value of the direct
component reaches an average of 400 W/m? and turns to about
400 W/m? at 3 pm. The maximum value reached is on average
800W/m? between 11am and 12pm. This can heat up fluids to
high temperatures that can be used and also make the
photovoltaic panels work optimally. Thus, during each hour of
the day in June, the solar energy received is estimated to be
479 Wh/m? or 14849 Wh/m? the whole month. This can be
estimated at 445 GWh for the whole city area. For the global
radiation, the flux received each hour of the day in January is
estimated at 16802 Wh/m? or 504 GWh for the whole month.
This approximates the total electricity production of Chad
estimated at about 480 GWh in 2016. This potential shows that
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Figure 9. Linear relationship between the measured values
and the values predicted by the Capderou model for an
inclined plane on the ground. R is the linear correlation

coefficient and the equation y=ax+b is the linear regression

model

solar photovoltaic and thermodynamic technologies can be
installed and used in the climatic conditions of the city of
Abeche.
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Figure 10. Comparison between the monthly average values
of daily global irradiation estimated by the two models and
those measured on a tilted surface
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Figure 11. Monthly evaluation of hourly solar irradiance components on an inclined plane by the Liu&Jordan model
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Figure 12. Comparison of the calculated deviations in the estimates of the global radiation values by the different models on
horizontal and tilted surfaces

4. CONCLUSIONS

The comparative study carried out in this work has allowed
us to propose a model that allows us to evaluate the hourly
potential of daily solar radiation. The models simulated in this
work are for a clear sky condition and we found through
statistical analysis their limitation during periods of high
cloudiness at different angles of capture. Nevertheless, the
quality of the hourly irradiance estimate over all the days of
the months of the year is appreciable. The different validations
have allowed to evaluate the hourly potential of solar radiation
on the whole territory of Abeche and to show that it is possible
to use all solar applications in this city and to obtain good
yields. The use of models based on the calculation of Linke’s
turbidity factor could allow taking into account the cloudiness
of the sky caused by the absorption of solar radiation by water
vapor and aerosols and its diffusion by dust, aerosols at the
crossing of the atmosphere. This while analyzing the
variations of this factor in comparison with the measurements
made [31-34]. The estimated hourly solar potential on the
different surfaces shows that it is possible to use all solar
applications in this city and obtain good yields.
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NOMENCLATURE

TSV true solar time, hour

ET Equation of time, hour

TL Local time, hour

MBD Mean bias deviation, %
MAD Mean absolute deviation, %
RSMD Mean Square Deviation, %
h height of the sun

d Declination, degree

Tl linke's disturbance factor
Ahe winter-summer alternation
Z altitude, km

I irradiance, w/m?
i angle of incidence, degree
n number of observations
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Greek symbols

T e DR w™>

Subscripts

D H
d H
G H
D,I
dI

d, sky
,

re
d,ground
nor

s

el

m,i

R

longitude

angle of inclination of the receiving surface
zenith angle

Hour angle

Latitude

albedo

direct horizontal
diffuse horizontal
global horizontal
direct inclined

diffuse inclined
diffuse from the sky
backscatter

reflection

diffused on the ground
normal

solar

estimated irradiance
measured irradiance
correlation coefficient





