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«Solar power is one of the most appreciate renewable energies

«Three groups of factors determine the interaction of solar radiation with the
earth’ s atmosphere and surface
a. Earth’ s geometry, revolution and rotation (declination, latitude, solar hour angle)
b. Terrain (elevation, albedo, surface inclination/orientation, shadows)
c. Atmospheric attenuation (scattering, absorption) by
c.1. Gases (air molecules, ozone, CO, and O,)
c.2. Solid and liquid particles (aerosols, including non-condensed water)
c.3. Clouds (condensed water)

«Correct estimation needs an accurate definition of the terrain surface and the
produced shadows. Previous works (SE 2009, ECT 2010, JCAM 2012)

A typical meteorological year (TMY) for each available measurement station
has been developed.
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Topography
Shadows
Albedo

+ Beam Radiation

- Diffuse Radiation

» Reflected Radiation
« Global Radiation
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Terrain surface mesh and shadows
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Build a sequence of nested meshes from a uniform triangulation of a
rectangular region, such that the mesh level [ is obtained by a global
refinement of the previous level (-1 with the 4-T Rivara’s algorithm

d

/| /|

(uniform initial mesh)
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Terrain surface mesh and shadows
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Build a sequence of nested meshes from a uniform triangulation of a
rectangular region, such that the mesh level [ is obtained by a global
refinement of the previous level (-1 with the 4-T Rivara’s algorithm

.
N\ /ﬁ\ /<>\
(a) (b) (c)

(1) \m\
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Terrain surface mesh and shadows
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Build a sequence of nested meshes from a uniform triangulation of a
rectangular region, such that the mesh level [ is obtained by a global
refinement of the previous level (-1 with the 4-T Rivara’s algorithm

The number of levels m of the sequence is determined by the
resolution of the terrain elevation map

Define a new sequence applying a derefinement algorithm. The
number of levels of the derefined sequenceis m’ < m

Two derefinement parameters, €, and €, , are introduced and they
determine the accuracy of the approximation to terrain surface and
albedo, respectively.
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S'Qﬂ' Construct a reference system x’, y’ and z’, with z’ in the direction
e oo Of the beam radiation, and the mesh is projected on the plane x’y’

Z=Z1
COS 2y sin z 0 ol 2
: : () 0 z’
K =] —cosq, sinzy cOsg, coszy sing, /
: : : /
sing, sinzy  —COSzy SIng, COS(, )
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Check for each triangle A of the mesh, if there exists another
A’ that intersects A and is in front of it, i.e., the Z’
coordinates of the intersection points of A" are greater than
those of A
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Terrain surface mesh and shadows

NSTITUTO UN

Slin The analysis of the intersection between
triangles involves a high cost
Therefore, we have considered 4 or 16 warning points (n,,)
4 .
: ARPAR
1 ’ 3. ) L L] . ) [ ] ®
A light factor, L;is defined
Loy = 22— i
Myp Lf — Lfﬁ : Lfss
= 0,1,..., T
000 . @
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Solar radiation modelling

[alg] General aspects:
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We have introduced the use OEQFHRSEYBHP?R;W? for surface discretization and

a new method for detecting the shadows over each triangle of the surface.
1. We first calculate the solar radiation under the
assumption of clear sky for all the triangles of
the mesh.

2. Typical Meteorological Year (TMY) is evaluated
for all the involved measurement stations.

3. Solar radiation values are corrected for a real
sky by using the TMY from the available data of
the measurement stations in each time step
along an episode.

Steps 1 and 3 are repeated for each time step and finally, the total solar
radiation is obtained integrating all the instantaneous values in each triangle.
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Solar radiation modelling
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....................... Solar radiation equations for clear sky

Solar constant

e = 1+0.03344 cos(wg — 0.048869) «—— Correction factor
Beam irradiance normal to the solar beam Linke atmospheric
turbidity factor

Gpoc = Gy QXP{‘O’%G’W\ Relative optical

air mass

Beam irradiance on a horizontal surface

G (0)=Gor L. K.=Gor L.sen(h h,y: the solar altitude angle
bc(0) blc °f o —bOc o (o) L;: the light factor

Beam irradiance on an inclined surface

00000 ;- L K5 = Gyl COS(3,y,) | Oexp? the incidence /J
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Solar radiation modelling
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NNNNNNNNNNNNNNNNNNNNNNN Solar radiation equations for clear sky

Diffuse radiation / Diffuse transmission

B ...\ - {57 £

: on the solar altitude
Sunlit surfaces
h, >0.1

GaelB) = Gae. (0) [F(a)u - K+ K hﬂ] Ky = G1e(0)/Go (0)

Gae(0) = Gae(0) | [Go(0) = Gysinhy

h, <0.1

Gdc(s) — Gdcc (OJ [F(B)(l o }{bj n I{b S'E‘I-l_lg CGS-‘qL_ﬁ.’ ]

0,1 — 0,008 hg
Gae(0) = Gg (0) (1 — K3)

. ...ec. Shadowed surfaces Gac(B) = Gac.(0) F(B)

3?017\. Lm d G C Gdc([}) — Gdcc (0)
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Solar radiation modelling
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....................... Solar radiation equations for clear sky

Reflected radiation

0o B)

Mean ground albedo

| 1 —cosf3
— rq(5) 5 |

" G(0) = Guel0) + Gac(0)
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Solar radiation modelling
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SlQn| Solar radiation under real-sky

Values of global radiation on a horizontal surface for real sky conditions G(0) are
calculated as a correction of those of clear sky G.(0) with the clear sky index k

G(0) = G.(0)k,

If some measures of global radiation G,(0) are available at different measurement
stations, S, the value of the clear sky index at those points may be computed as

koi= G4(0)/G.(0)

Then k. may be interpolated in the whole studied domain, for example:

N k('n N k(-n

B anl a2 1 anl |AR,|
kc—8zN L+( _S)ZN 1

....’ n=1 7 n=1 TAl] /3
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Solar radiation modelling
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NNNNNNNNNNNNNNNNNNNNNNN Typical Meteorological Year (TMY)

To obtain accurate real sky values of global irradiation, the evaluation of a TMY is
used to avoid results based on a particular year weather conditions

For each station, we compute the daily typical meteorological year of irradiation
values using weight means to smooth the irregular data.

For example, we can use the following statistic metrics:

A
1
Means | g=—3 MnZua d=12.....365

Ve M, = median(Z,q) a=1,....A d=1.,2....365

My= My M, d=1.2.....365
YYYY — 2

7
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SOLAR MODEL
Clear Sky Irradiance
(W/m?2)

Numerical Integration in
a period of time

Clear Sky Irradiation
(J/m?2)

Real Sky Irradiation
(J/m?2)
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Solar Model Summary

Real Sky Irradiance
(W/m?2)

Measurement Stations
Irradiation (J/m?)

Clear Sky Index at Stations

Interpolation

Clear Sky Index at any Location

Kc
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@ Predictive Model
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Solar generation problem: Randomness of primary energy

Predictive Model

Real sky radiation values will be computed starting from clear sky ones,
replacing the stations measurements values by those obtained through the
forecasting weather model.

We get one k_; for every time step and each triangle

MM5

Solar Model
00000
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Predictive Model
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SOLAR MODEL
Clear Sky Irradiance
(W/m?2)

Numerical Integration in
a period of time

Clear Sky Irradiation
(J/m?2)

Real Sky Irradiation
(J/m?2)
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Predictive Model

K. Predicted Irradiance
(W/m?2)

Mesoscale Model 5th
Irradiance (W/m?)

Clear Sky Index at triangles

Interpolation

Clear Sky Index at any location
and time (K ;)
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Solar Power Generation and

Electrical Network Management:
Photovoltaic and Solar Thermal

Predicted Irradiance
(W/m?2)

Solar PV Solar Thermal
Model Model

Electric Power
Generation

Edificio Central del Parque Tecnoldgico
Campus Universitario de Tafira
35017 Las Palmas de Gran Canaria
e-mail: info@siani.es - www.siani.es

UNIVERSIDAD DE

DE GRAN CANARI

kAS PALMAS



INSTITUTO UNIVERSITARIO

—[alp]

INGENIERIA COMPUTACIONAL

The studied case corresponds to Gran Canaria, one of the Canary Islands in
the Atlantic Ocean at 28.06 latitude and -15.25 longitude.

TMY (19¢
obtaineds

d were
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Gran Canaria Island

Results
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Geolocation of different stations on
Gran Canaria Island

Island label latitude  longitude height
Pozo Izquierdo CO  278175N 154244W 47
Las Palmas de G. C. Cl  28.1108N [54169W 17
La Aldea de San Nicolas  C2  27.9901N 15.7907W 197
San Fernando de M. C4 21.7716N 155841 W 265
Santa Brigida C5  28.0337N 15491W 525
Mogén (village) C6 27.8839N 157216 W 300
Sardina de Galdar C7 28.168IN 15.6865W 40
® . . . .
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Macaronesic laurisilva
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Gran Canaria 2-D Discretization

Results
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Gran Canaria 3-D Discretization

Results
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Clear sky diffuse radiation map (J/m?)
March TMY
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Results
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Percentage decrement: Real sky to clear sky

30,00%
N 1
25,00%
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Influence of the trade winds:
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Results

Influence of the trade winds:

S I Q ' l I Radiaciones Totales RealSky X 109
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3.114
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Estimated Irradiance (TMY)
(W/m?2)

Solar PV Solar Thermal
Model Model

Electric Power
Generation
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Results

Estimated Irradiance (TMY)
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Estimated Irradiance (TMY)
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Predicted Irradiance
(W/m?)

Solar PV Solar Thermal
Model Model

Predicted Electric Power
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@ Conclusions
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«The adaptive triangulation related to the topography and albedo is essential in order to
obtain accurate results of shadow distribution and solar radiation

«Adaptive meshes lead to a minimum computational cost

eMeteorological forecasting methods are very useful for developing a predictive solar
radiation model

» The predictive model gives us realistic values about the solar radiation in the short

term

«The predictive model allows to make a better management of the Power System
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@ Future research
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«Improve the interpolation procedure of clear sky index

«Determinate the shadow boundary using ref/deref and mesh adaption by moving nodes
«Fully parallelization of the simulation

eDevelop a predictive solar code based on artificial neural networks and compare results
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