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d  The consequences of rapidly rising global temperatures will be far-reaching g — tﬂedlumjh'_gh emEl;iSIOHS (A1B) -
and devastating for humans and the environment unless urgent action is taken O . Cg‘["]’;t’;?]'tsgg’r?l:ésm)on ]
globally to curb emissions. If left unchallenged, runaway climate change across e commitment run -

sub-Saharan Africa would have both a disastrous impact on North Africa and é | —— 20th century

dramatic spill-over effects on all of Southern Europe (e.g. population s =0 - -
movements). = ‘i A 4 5
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d  Southern Europe and North Africa present unique solar energy potential and > g e L
Its exploitation Is critical for the regional sustainable development, through an © 0.0 B 1 i -
effective energy planning, power transmission and distribution. 8 o s 51 16 10 ]
1900 2000 2100 2200 2300

Year



N

pmod WIC A DM AN Introduction

UNIVERSITY

A To this direction, on November 2016, the EC published a revised Renewable Energy Directive in order to ensure that the target of at least 27%
renewables In the final energy consumption in the EU by 2030 is met. Today, renewables account for more than 22% of the total global electricity
generation, of which more than 400 GW produced from solar systems last year (2017). Over the last 5 years (2013-2017), an estimated 15 Gt CO.eq
of emissions was avoided through renewables, compared to the emissions that would otherwise have occurred from fossil fuel-based power.

d As a result, the exploitation of renewables is a cornerstone for sustainable development, through efficient energy planning, towards the goal of
gradual independence from fossil fuels, while ramping up renewables Is essential to meet climate goals (Sustainable Development Goals, UN)

without decelerating economic growth and reducing welfare.

Influence of climatic conditions
from the irrational use of the
produced energy

_ Energy Management:

Need for optimal An integral part of the

energy planning | ‘i i
-_overall state administration -

R aT—

Energy dependence,
iIncreasing energy prices,
inefficient energy use
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The solar spectrum

2011-=10-14 1/7:15:01 Ul




%
. §4 2 pmod WIC :yapmaN Spectrum of solar radiation (Earth)
S UNIVERSITY
2. . .
. UV : Visible ! Infrared — >
£
E sunlight without atmospheric absorption
— 1.
L
E ldeal blackbody (5250 °C)
(0
= 1
L sunlight at sea level
= 20 |
0 H,O Atmnzph eric
absorption bands
O
20
[] — —

250 500 7530 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)



N
ZN

WIC cHAPMAN
UNIVERSITY

Aerosols
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Aerosol types




s Aerosol shapes




N

pmod WIC - ApMAN Aerosol sources

UNIVERSITY




'. o . .
pmod WIC ~yApPMAN Aerosol global distribution
UNIVERSITY

Aerosol Optical Thickness  coarse
_ fine
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Absorbing Scattering

aerosols

Solar radiation absorbed :
(Warming) to space (Cooling)

e.g. Black carbon, mineral dust e.g. Sulphates, nitrates, organics

Most aerosols both absorb and scatter!
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Aerq;ol Optical Depth

0 0.2 0.4 0.6 0.8



med wre CHAPMAN
UNIVERSITY

Aerosol and clouds (Indirect effects)

-

Aerosol-Cloud-Radiation Interactions
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Clear

Atmosphere |

Cloud Water Content

Direct Radiative Effect

Dust
Aerosols

" Absorb/Scatter

“hange Cloud Cover &

Solar Radiation ./~

f ange Cloud Particle™
.. Number &Size -

T Cloudy
Atmosphere

Semi-direct Radiative
Effect

-» Radiation Field

15t Indirect Radiative
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Aerosol Optical Thickness
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Dust likes spring season!
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Impact on clouds, and
precipitation

Impact on the
radiative energy
balance

Impact on
atmospheric
. compositionand

Impact on N Impact on major
SOCI0ECOoNnoOmic biogeochemical cycles
systems and human Impact on

well-being ecosystem

functioning




N

HAPMAN
NIVERSITY

mod WIC Ay Dust dust dust!
U




N

AN
WIC cHAPMAN Energy from the sun

UNIVERSITY




\ \)().‘.l\()u,

N
ZN

e CHAPMAN
UNIVERSITY

What Is solar energy?
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1. Global Horizontal Irradiance (GHI) - [W/m?]
2. Direct Normal Irradiance (DNI) - [W/m?]
3. Diffused Horizontal Irradiance (DHI)- [W/m?
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How does the PV process work?
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A SUNLIGHT

PHOTONS
An inverter converts electricity
<@ INVERTER I from DC to alternating current (AC)
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Solar panels convert sunlight
into direct current (DC)
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P The AC powers your home
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There are two main services related to the solar energy sector:
Seasonal predictions for solar energy
Mineral Dust Short term forecasts for solar energy
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Cleaned

AC Power

Before After
Clean Clean

1 <3% Loss

— %

>20

% LoSSs

The efficiency of some panels could decline by 30 per cent as temperatures in the panels reached 75C
FADI AL-ASSAAD/REUTERS
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The amount of accumulated dust on the surface of the PV module affects the overall energy delivered from the PV module on a daily, monthly, seasonal and
annual basis. The figure in the right presents the causes of dust accumulation. There are two inter dependent parameters that effect on characterization of
soiling accumulation on solar panels, the property of dust and the local environment. Sometimes soil patches such as leaves, bird dropping sand dirt patches
that block some cells of a PV module but not the whole, have a severe effect on PV modules. There are two types of soil shading on PV modules, namely, hard
shading and softshading, while many ways recommended to cleaning PV from dust accumulation. As a result, dust products can be used for efficient solar
energy exploitation by energy managing authorities, transmission and distribution system operators, solar farm investors and maintaners.

‘ Cause of Dust Accumulation

' |
l | L l

L Environment Factors J

Dust iy pe J Location and

G

installation Factors

Soil and sand  e— Sandy area
Clay i Industrial area

\ Wind Movement |

ll Wind Direction

i
[ emperature { Glass material
— Bactera
[rradiation  Orientation
'ﬁ\ — 2 [
g < 4roon : i
| Air pollution T | | Height
Alr pressure J % *l Tilt angel
l Dust storm Flat surface
J
Volcano | '-
'l Latitade and boogtude
I Snow

Humidity | (Maghami et al., 2016)
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Accurate solar energy forecasts are crucial in the energy market, where on-the-spot energy prices are defined by supply and demand equilibriums. If the
energy suppliers can have an accurate estimation for the solar energy production from the solar systems (e.g. 3 hours ahead), this provides them with a
comprehensive advantage with clear economic benefits for their day-to-day market operations.



" 5 .
WIC cHAPMAN Dust modelling and forecasting

UNIVERSITY
__MACC-II dust aerosol optical depth 14 February 2014 01 UTC _

Py TN

: - R
8 . ’ Py J e B T
{ - . ] 4 2 jﬂl:},‘?_ -

G

)
e L e T

L g v'c::(_w.A
Ly




INnputs

N

med WIC cHAPMAN
UNIVERSITY

Sentinel/EUMETSAT
Satellite data

: '/ v s R Contac s
#  ABOUTCAMS  NEWS&MEDIA  EVENTS  CATALOGUE  RESOURCES  TENDERS  USER SUPPORT
.{.~ A 2 '
9‘ ’ JU0

Global surface forecasts

Live Map

Copernicus atmosphere
monitoring services

Actinometric platform

N

Energy management system

Initiatives

o
%:;é€0 GROUP ON

EARTH OBSERVATIONS . = N s

o®eg o o
g w@ Geo Vision for Energy  EuUro ”

GEO-VENER
( ) @€OSS

SENSE basics

- System outputs

Realistic assessment of solar energy potential

Provision of real-time solar energy (GHI, DNI, PV) applications

Solar potential forecasts for energy production and planning

Qpplicability anywhere

~

4

~

-

Potential end-users N

Public and private energy managing authorities
Energy and environmental political leadership
PV constructors

Energy investors, suppliers and users
Scientific community /
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Mean GHI differences in W m- derived by SENSE as compared to
the BSRN stations for various time horizons.
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Operational and solar atlas services
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Solar energy applications using SENSE
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Development of business plan for
establishment, operation and exploitation
of a solar farm in Aswan (Egypt).
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» European cooperation in science and technology (COST action).

» Establish a network involving research institutions, service providers and potential end users of information on
alrborne dust that can assist the diverse socio-economic sectors affected by the presence of high concentrations of

airborne mineral dust.

Forecasting dust impact on solar energy
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Forecasting dust impact on solar energy

Photovoltaic (PV) installations
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Forecasting dust impact on solar energy

Concentrated Solar Power (CSP) plants
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‘ Realistic assessment of solar energy potential.

‘ Provision of solar energy applications
of high precision in real time.

‘ Solar potential forecasts for efficient energy
planning and electrical production control.

Major applications & contribution to emerging technology
» Location studies for the placement of PV and CSP installations.
» Large scale and precise solar energy calculations to assist public authorities in energy planning policy.
» Supporting the work of various scientific communities.

» Provision of specialized data of high spectral precision for private and public sectors dealing with
health protection, energy consumption and solar energy exploitation.

The exploitation of EO data through GEO activities and SENSE will provide access to advanced solar energy related
products, in support to large scale solar farm projects, grid operators, national and private electrical transmission
and handling entities, so as to guarantee the uninterrupted energy flow and the power grid stability.
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