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Miert erdekes a por?

» szél altal légkorbe jutatott asvanyi por mennyisége: 1-3 milliard tonna évente (50-70% a Szaharabdl)
« kozvetlen és kOzvetett klimatikus hatasok (besugarzas, CO2, felh6képzbdes)

» egyeb kornyezeti hatasok (pH; talajképz6deés; egészségugyi hatasok stb.)

» multbéli valtozasok archivuma: |0szképzbdés és egyeb hulléporos eredeti uledékek

« szamos tarsadalmi és gazdasagi folyamatot szintén befolyasol
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Szaharal por a Karpat-medenceben

+ 290 szaharai porviharos eseményt azonositottunk a 30° 20° 10° 0 10° 20° 30° 40° 50°
~ —— 1-es tipus
Karpat-medencében az 1979-2025 idészakban (NASA - L 24ds tigus
TOMS and OMI Aeroszol Index) miiholdas adatok - -~ = 3-astipus
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* HYSPLIT trajektériakat hasznaltunk a szaharai eredet
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» 700 hPa geopotencial szint, zonalis €s meridionalis

szélkomponensek és szélvektorok kerultek

felhasznalasra a szinoptikus meteorolégiai helyzetek

megallapitasahoz

» szaraz és nedves kililepedés meghatarozasara a NASA

Modern-Era Retrospective analysis for Research and

Applications, Version 2 (MERRA-2) modelleredményeit

hasznaltuk

Varga, Gy. (2020). Changing nature of Saharan dust deposition in the Carpathian Basin (Central
Europe): 40 years of identified North African dust events (1979-2018). Environment
MTARU International 139. 105712



https://www.sciencedirect.com/science/article/pii/S0160412019349955
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v Szaharal por a Karpat-medencében

Arctic Average Temperature 1900 - 2017

For

Arctic temperature anomalies relative to 1951-1980 average
this figure, the Arctic is treated as the all areas north of 60° N
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Increasing frequency and changing nature of Saharan dust storm
events in the Carpathian Basin (2019-2023) — the new normal?

Gyérey VARGA'%, Agnes ROSTASI?, Ama MEIRAMOVA?,
Pavia DAGSSON-WALDHAUSEROV A% and Fruzsina GRESINA'?

stable wavy
polar polar
: vortex

strong jet

stream weak jet

stream

¢old air

contained cold air

moves

Air pressure and winds

s,
around the Arctic switch between 74
these two phases (Arctic Oscillation) §
and contribute to winter weather patterns. ""*»-m j



* H H Atmos. Chem. Phys., 24, 4083-4104, 2024 Atmospheric
SOIa r power Is g rOWI ng I n every EU Cou ntry https://doi.org/10.5194/acp-24-4083-2024 CheFr)nist
© Author(s) 2024. This work is distributed under Yy,
the Creative Commons Attribution 4.0 License. and PhySICS
O
Share of electricity =
W inland
generation
o, " : 2 E
from solar (%) Sweder Sharp increase in Saharan dust intrusions
2019 over the western Euro-Mediterranean
2024 in February—-March 2020-2022 and
van associated atmospheric circulation
L -- ™ A Emilio Cuevas-Agullé' %, David Barriopedro?, Rosa Delia Garcia'?, Silvia Alonso-Pérez*S,
o o ) c Lithuania Juan Jesis Gonzﬁlez—Al_emfns, Ernest Wemfr", David Suémf", Juan José Busu‘)}s" 5
1% 5% 10% Denmark 2019 3% & =
>
High-growth countries and 2024 19% Atmos. Chem. Phys., 24, 1203112053, 2024 Atmospheric
[T ranked countries Netherlands https//doi.org/10.5194/acp-24-12031-2024 Chemistry
R @ Authar(s) 2024. This work is distributed unde
by solar share in 2024 are the éreaﬂve Commnr:sv.:\nrrit;uti(;n A‘.DuLiceise‘r and Physics
labelled Germany < Poland
B2l 2019 0%
elgium Q24 Q0
Czech
—r Hungary Kl Extreme Saharan dust events expand northward over the
ustria . . .
. 2019 2% * < 2019 4% Atlantic and Europe, prompting record-breaking PM;,
rance () .
2024 12% 2024 25% and PM. 5 episodes
Sloven™ Sergio 7 and Jessica Lipez-Darias
Romania ) Environment International 139 (2020) 105712
Bulgarla Contents lists available at ScienceDirect
2019 3%
Spain H 2024 14% Environment International
2019 6% Italy ELSEVIER journal homepage: www.elsevier.com/locate/envint
<2024 21%

Cragon OE] > Changing nature of Saharan dust deposition in the Carpathian Basin (Central )
vy 28123 32/2 % Europe): 40 years of identified North African dust events (1979-2018) =
Portugal Gyorgy Varga
2019 3% Research Gentre for Astronomy and Earth Sciences, Budapest H-1112, Hungary

o

Source: Yearly electricity data, Ember
Countries with solar generation below 1 TWh were excluded from this graphic (Croatia, Ireland, Estonia,

BULLETIN

024 14%
yprus [ e
’ : HUNGARIAN
2019 4% T B | ‘ GEOGRAPHICAL
2024 20% * ANl

Current Archives About ~

Home / Archives / Vol. 72 No. 4(2023) / Articles

MTA.HU Latvia, Luxembourg, Malta, Slovakia). Natural Earth Boundaries, Centroids by Gavin Rehkemper lncreasing frequency and changing nature of Saharan dust storm

events in the Carpathian Basin (2019-2023) - the new normal?




Vv Fotovoltalkus energia
Magyarorszagon

.. Yok
(0 ,,,,.' o)
Capacity
[(MW]

L .‘ X 8. ® — . ‘ 7 L a L5 ¥ e o £
N 3 A o S - )"
PV kapacitas 2010-2025... 3000 :
——  Winter
5,000 )
—— Spring
2500
4,000 . ——  Autumn
3,000 4
2,000 . o # 9
500 2=
1,000 4
0
0246 8101214161820220 2 4 6 8 101214161820220 2 4 6 8 10121416182022 0 2 4 6 8 10121416182022 0 2 4 6 8 101214161820220 2 4 6 8 10121416182022
Hours Hours Hours Hours Hours Hours

2019 2020 2021 2022 2023 2024
Years

n
o
o
o

PV generation
g g
o o

20102011201220132014201520162017201820192020202120222023



A szaharal por es a fotovoltaikus energiatermelés

Effect of Saharan dust episodes on the accuracy of photovoltaic energy e
production forecast in Hungary (Central Europe)

Jozsef Szeberényi *, Andras Gelencsér “,

A 2022-es év adatai alapjan kerestlink kapcsolatot a szaharai porviharos események
és a napelemes energiatermelés kozt

2022-ben 16 (!) alkalommal érte el Magyarorszagot szaharai poros Iégtomeg
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Varga, Gy., Gresina, F., Szeberényi, J., Gelencsér, A., Rostasi, A. (2024). Effect of Saharan dust episodes on the
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accuracy of photovoltaic energy production forecast in Hungary (Central Europe). Renewable and Sustainable Energy
Reviews 193. 114289
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Effect of Saharan dust episodes on the acc
production forecast in Hungary (Central Europe)

L)

uracy of photovoltaic energy

2022-ben 16 (1) alkalommal érte el Magyarorszagot szaharai poros Iégtomeg

A 2022-es év adatai alapjan kerestlink kapcsolatot a szaharai porviharos események
és a napelemes energiatermelés kozt
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A szaharal por es a fotovoltaikus energiatermelés
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Desert dust and photovoltaic energy forecasts: Lessons from 46 Saharan
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ABSTRACT

Accurate forecasts

tial for generating

tpply
an various envitonmental factors, which are uncertainly parameterised and nfluenced by climate change.

nd These forecasts rely

‘The area discussed, Hungary, is particularly exposed to such uncertainties in photovaltaic (PV) power generation due to the very rapid PV penetration in the
country's energy-mix even in & global context, and the growing impact of one of the mest uncertain factors (more frequent dust events) In the forecasting.
PV producticn, forecast and 46 identified Ssharan dust stom events (SDEs) for 2020-2023 are presented. The Indirect effects of dust on irradiance and PV

production and forecas

t errors were quantified. Scheduled values in both directions (deficit and surplus) deviated, typically towards overestimation. During dust
storm events, the deviation of both signs was larger than during non-dust states.

‘The effect of unforeseen cloud eover was dominant on deficit day; while on surplus days with flatter PV peoduction curves, the decreasing cloud cover and

potentially the

the excess prodution. In addition to the direct radiative

reduction effect of dust and the role of warm advection in mwsphem: ‘physics, the Indirect effect of dust in cloud formation processes was identified as the main
reason. On defielt days, more extensive cirrus cover caused the outage, while on days with higher irradiance than expected, clrrus with lower radiative forcing

replaced the predicted strarus cover.

1. Introduction

In the context of acrelerating climate change, the contemporary
energy eriss, sustainabiliy targets and decarbonisation efforts have
placed rodhuc ble energy [1-3]. In
light of the prevailing geopolitical circumstances, it s imperative to
cansider not anly the of production for
the energy sovercignty and security of supply of each nation but also to
pursue the optimal capacity utilisation in terms of the availability of
critical raw materials for production and capacity expansion [4]. The
installation of new low-carbon energy production technologies has
become a necessity to satisfy national emission targets for climate
change mitigation. In addition, the optimized use of these technologies
is also a prerequisite for maintaining the electric grid's stability and
‘minimising the deployment of fossil fuel-based backup power plants,
thereby reducing carbon dioxide emissions.

The key objective of weather-dependent rencwable energy produc-
tion is to maintain a near-perfeet balance between energy production

* Coresponding au
E-mail address: org (6. Varga).

https://doLorg/10.1016/].rser.2025.115446

and ic) energy
way at scale [5-7), accurate scheduling of short- and mid-term energy
production is needed to guarantee the stable and efficient operation of
the grid [6]. The impact of desert dust an solar energy is crucial for daily
market operations and for public or commercial entities. It influences
the amount of energy produced and its integration Into the clectricity
grid, which in tumn affec
power grid. There is a lot of recent ongoing research 1o improve the
accuracy of the scheduling of PV generation [6]. In general, both ad-
vances in
and machine learning methods have emerged in recent years [5,5-10].
Changing environmental and elimatic boundary conditions make the use
of historical data and aerosol-climatological data with poor temparal
and spatial resolution unsustainable, and these approaches cannot
improve the accuracy of farecasts.

e Earth's atmosphere is a highly non-linear complex system which
is inherently difficult to forecast, and changing climatic conditions may
further increase the uncertainty of weather forecasts [£). In the cantext

energy flow and of the

UN-REN Resestch Centre fo Asronomy and Earth Sclences, Budapest, Hungary.
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energy forecasts: Lessons from 46 Saharan dust

events in Hungary (Central Europe). Renewable and

Sustainable Energy Reviews 212. 115446

MTA.HU

Daily PV production (MWh) Daily PV production (MWh) Daily PV production (MWh)

Daily PV production (MWh)

25000

20000

15000

10000

5000

25000

20000

15000

10000

5000

25000

20000

15000

10000

5000

25000

20000

15000

10000

5000 =1

e Aot aap . MAAA \’A‘ A AA MDA
«M/WMH,",'WMI' AT bl APV LA
A V'Y

JAN FEB

0 00

MAR

N\ N\
\H\

v' /H
[

MAR

mm Deficit*  mmmm Surplus*
*of generation compared to forecast

APR

VW N

| 1z
V

APR

: !HWG

A |

JUL

AUG

AUG

SEP

\

OCT

B

100%
5%
50%
25%
0%
-25%
-50%
-75%

}SB2910) WOy
aouasayIp uonesauab Ad

= -100%

100%
75%
50%
25%
0%
-25%
-50%
-75%
-100%

1SB29.0} WOy
2oualayip uonesauab Ad

100%
75%
50%
25%
0%
-25%
-50%
-75%

}SB2310) WOy
9ouasayIp uonesauab Ad

= -100%

100%
5%
50%
25%
0%
-25%
-50%
-75%
-100%

}SB29.0) WOy
2oualaylp uonesauab Ad

0.005

0.01

0.015

0.02

0.005

0.01

0.015

0.02

0.005

0.01

0.015

0.02

0.005

0.01

0.015

0.02

Generation —— Relative difference ——Dust mass  Saharan dust events: (1) Id. ' Type-1 ; Type-2 {} Type-3

(MIVXNLLZIN 19pow Z-vH¥3IN)
[.w By] Aysuaq ssep uwnjo) ysng

(MIVXNLLZW 19pow Z-vauIN) (MIVXNLLZIN 19poW Z-vH¥3IN)
[.w By] Aysuaq ssep uwnjo) ysng

[..w By] Ayisuaq ssep uwnjo) ysng

(MIVXNLLZIN 19poWw Z-vH¥3IN)
[.w 6y] Aysuaq ssey uwnjo) }sng




A szaharal por kozvetett hatasa: cirrusok?

Légkori por mennyisége Miholdfelvétel Kompozit miiholdkép a felhézetrél
(BSC Monarch modell) (NASA Terr MODIS (Meteosat 0 degree) HongarshisthonprotiiZre:
2022.03.16 4 o March 1 at 8:59 AM * @

ERNYO ES POR 7+

Tegnap megérkezett egy jokora adag szaharai por, amely szép cirruserny6t hozott létre az
orszag keleti, majd kozépsa felén is. A télink déinyugatra orvénylé ciklon elédoldalan tovabbra
is nedves, enyhe léghullamok érkeztek, igy a szokasos mddon a sokéves atlagnal jéval
melegebb volt. Ejszaka mindeniitt megvastagodott a felhézet, és hajnalban, reggel
csapadéktevékenység is el6fordult.

Ma osszességében tobbfelé kell esére, zaporra szamitani, és mivel még mindi... See more

|~
MSG “natural” miiholdkép !
ey

2022.03.30.

2022.04.22.

N
1 3 ()
2022.08.29. February 29 at 12:34PM - @
Elmarad a napsiités a keleti orszagrészben, a szaharai por a ludas
Boritokép: Miholdfelvétel csiitortok délelétt
> £es
}?ﬂ ‘
2022.09.14.
4

2022.10.24.

IDOKEP.HU
p > Hatalmas cirrusernyd gatolja a napsiitést az orszag keleti felén
- A magasban érkezett szaharai por keltette életre a nagy tertiletre kiterjedd fatyolfelhGzetet.




Szaharal por hatasa a PV termelesre
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PV termelés hatékonysaga
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- Hazankat érint6é szaharai porviharos események
viszonylag gyakoriak (n>290 45+ év alatt)

Szaharal por hatasa a PV termelesre

gyakorisaguk és intenzitasuk novekszik;

az orszag teruletén kitlepedett por mennyisége évente
tobb szazezer tonnara teheto;

mennyisége a klimavaltozas kovetkeztében

vélhet6en noni fog.
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Effect of Saharan dust episodes on the accuracy of photovoltaic energy
production forecast in Hungary (Central Europe)

Gybrgy Varga
Agnes Rostisi

, Fruzsina Gresina

Jézsef Szeberényi ', Andrds Gelencsér
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kozvetlen és kozvetett (pl. felhOképzbdés) hatasai reven a besugarzas mértékeét

csokkenti;
a panelek fellletére killepedett poranyag rontja annak hatasfokat;

menetrendezés szempontjabdl relevans legkori 6sszetevo, DE:
- alégkori por parametrizalasa nem megfelel6 a numerikus szimulaciokban,;
- a szamitasok soran aeroszol klimatoldgia (értsd sokéves atlag) adatokra
hagyatkoznak
- felhoképzodésben betdltott szerepet nem vizsgaljak
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The shadow of the wind: the impact of Saharan dust on photovoltaic power

generation in the Mediterranean
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ABSTRACT

The increasing frequency and intensity of Saharan Dust Events (SDEs) in

significant reliability of energy systems.

power in five eountries - Portugal, Spain, France, Italy, and Greece — from 2019 to 2023, using dust data, PV

statistics, and meteorological analysis. The findings of this study demenstrate that SDEs reduce PV output by an average of 2540 %, with losses excesding 50 %
during extreme events. In Portugal this decline was 10.1-20.3 %, 16.3-19.8 % in Spain; 4.4-40.5 % in France; 13.9-36.8 % in Italy and 20.1-40.9 % in Greeee,
during the highest dust levels. Salar ireadiance drops are due to both dust-induced attenuation and Inereased cirrus cloud formation from enhanced ice nucleation.
Analysis of recent dust storms shows consistent day-ahead PV farecast errors, with underestimations up to —15 % in Portugal and Spain, and overestimations up to
+10 % in ltaly end Greece, highlighting the need for improved models that Incorporate serosoleloud Interactions. The results highlight the need for Llnpmvad

forecasting real-time dust eloud proeesses.

reliable grid operation and solar power planning in southern Europe.

1. Introduction

Renewable electricity generation is a key priority in a globalised
world faci ility, climate and itical crises. The balance
between the trilemima of electricity generation: (1) security of supply,
(2) affordability and (3) sustainability has become difficult to maintain.
Energy sovereignty ambitions and climate protection objectives, which
are fundamental to overall energy production, have shifted the natianal
energy mix towards renewables, and in particular weather-dependent
renewables.

In arder to meet sustainable development goals and climate policy
directives with a focus on des tion — alongside strong national
interests in energy independence — most European countries have seen
a steep increase in the share of renewables in electricity production [1].
‘The countries under scrutiny in this study are indisputably those with
the highest potential for solar energy production, a fact attributable to
their geographical location within Europe. Nevertheless, they exhibit
vast differences in their historical development of PY energy wilisation,
primarily for political and economie reasons. In addition, both the

isis of 2008 and the fter the COVID-19

pandemic impacted these countries differently and influencing their
energy policies.

‘The global integration of PV production underscores the imperative
to serutinise all factors influencing the output of weather-dependent
renewable power generation systems. It is an established fact that
Saharan dust storm events (SDEs), which have become increasingly
mare frequent recently, attenuate solar irradiance, thus reducing the
power output of photovoltaic panels [2,3). A marked increase in the
frequency and intensity of SDEs reaching the European continent has
been observed in recent years, attributed to shifting atmospheric cir-
culation patterns resulting from changing hemispheric climate. The
Sahara is the largest single source of mineral dust on Earth, releases
billions of tonnes of mineral dust into the atmosphere each year, which
is occasionally transported over long distances. Tens of millions of
tonnes of Saharan dust are transported and settle on the European
continent annually [4,5). During intensive SDEs, significant amounts of
particulate matter can settle on the surface of solar panels, reducing the
efficiency of PV production. In the present study, we do not aim to
analyse this pracess, but to investigate the relationship between SDEs
and irradiance. Acrosol

particles in
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Tanulsagok

1. Alégkori por hatasa jelentdés, mind a fotovoltaikus termelésre, mind a
termelés elbrejelzésére.

2. A PV-termelésre vonatkozo elorejelzések nem lehetnek kelléen
pontosak, ha durva felbontasu aeroszol-klimatologiai adatokat

hasznalnak az aeroszol-felhd kdlcsonhatasok figyelembevétele nélkul.

3. Alégkori por mennyisége, a transzportdinamika és a poranyag

asvanytani és fizikai tulajdonsagai (szemcseméret, szemcseforma) nem

ismertek kelld mértékben.

4. Az éghajlatvaltozas és az éghajlati rendszer természetes
valtozékonysaga miatt az el6rejelzések egy instabil hidrometeoroldgiai és
|égkori rendszerben készulnek, ami mindig bizonytalansagokat hordoz
magaban. Ezek a hibak a PV-kapacitas novekedésével egyre
jelentésebbek lesznek, igy kezelésukhoz az egyre pontosabb
el6rejelzések mellett a vilamosenergia-tarolasi kapacitas bovitésére és
megujulo diverzifikaciora is szukseég lesz.



Koszonom a figyelmet!




