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Abstract

The work presented is an analysis of solar photovoltaic
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measurements and observation data from the MODIS seantsor
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the power plants are | ocavedandhysaidsi of ohheaAODmbyaolkd agr
the direct effect of aerosols on the radiation reqweérmred
pl ant out put is corrobor &atmoch sy ad esegative scgmi éli ataindon a
sol ar power plant output. Furthermore, the study ofsthe
and correlation coefficiaegmntre, atnde reé qdtiiviee hiump alé¢ tt yo fo nt ¢
This is contrary to the effect of sunlight, although it
applies to wind speed, owmhicyhc lies dofa vpoa vaedrl ep Itaon ttsh,e glrtohdouwcg
of mineral dust that settles on the surface of theomodul
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1. |l ntroducti on

Conventional fossil fuels such as oil, coal, and natural gas a#3€C to 47€ [17]. In addition, the absorption and heat dissipa-
the main sources of energy that are widely uggddHowever, tion properties of the encapsulation material greatly affect the
the availability of these sources is limited, and their exploitatioperformance of the photovoltaic systgh8]. In addition, parti-
from extraction to processing, poses an existential threat to tloées suspended in the atmosphere, such as aerosols, pollutants,
environment and the entire plafi2t 3. In fact, approximaly  and water vapor, absorb or scatter incident solar radiation,
66% of global emissions of carbon dioxide and other greerthereby reducing the amount of radiation transmitted for photo-
house gases come from fossil fudls4]. In addition, the com- voltaic solar conversiofiL9]. This is also the & with the ac-
bustion of fossil fuels and biomass accounts for approximatelyumulation of dust that forms on the surface of the modules and
85% of air pollution from particulate matter and almost all sulthen forms a layer that attenuates part of the solar radiation in-
fur ard nitrogen oxide emissions in developed countf8s cident on the surface of the solar pdaél 2Q. However, these
According to the IPCC report in 2013, these emissions are cauddst deposits are due to environmental facsmch as wind
ing intense warming, leading to heat waves and influencing trgpeed, humidity, convective systems, emission sources, particle
hydrological cycle, which explains the precipitation anomaliesype, and the nature of the surface of PV solar modlijelslu-
and extremeents observed in the form of flooding in severalmidity significantly influences the adhesive force between par-
regions of the world5]. Every year, 4 to 7 million people die ticles and the surface of PV modules and can eventdetc
prematurely and hundreds of millions more suffer from diseasdermation of a pastéke layer in the form of mug21, 23. In
caused by air pollution, which is responsible for enormous sugddition, when relative humidity is very high, fine water drop-
fering [6]. Solarenergy, in particular, is the most suitable formlets can form on the surface of solar panels and contribute to the
of renewable energy, as it is easily accessible, environmentaltiiffusion of solar radiation. Thus, prolonged expodara hu-
friendly, and norpolluting[6, 7. To this end, the African con- mid environment corrodes photovoltaic modules through mois-
tinent, particularly the northern and southern parts, has endure intrusion into the photovoltaic ce]®3, 24. Furthermore,
mous potentiaih terms of available solar energy that is suitablethe presence of moisture in the enclosure increases the conduc-
for solar photovoltaic conversig8, 9. This is corroborated by tivity of the material and leakage curref§]. Added to thidgs
several studies that have shown the importance of the solar pgbe risk of delamination and discoloration of the photovoltaic
tential available in northern regions, particularly the Sahel, witlmodule when the rate of corrosion caused by water condensa-
average monthly irradiation values reaching up to 6 tion at the interface between the encapsulant and the solar cell
kwh/mday [10-12]. According to the International Energy materials increasd24, 29. The impact of wind on solar pho-
Agency, photovoltaic (PV) systems could provide 11% oftovoltaic conversion depends on its direction and speed, as it
global renewable energy, which is equivalent to a significanallows heat to be removed from the solar modules by convec-
reduction of 2.3 gigatons of carbond x i de ( CO. ) tienmands isfluencess dust eaposits depending on the surface
year[1]. In Burkina Faso, electricity is mainly generated bystructure of the PV modul¢26, 27. Given the complexity in-
thermal and hydroelectric power plants. There are few solarlved in forecastig the electrical energy produced by solar
power plants, yet energy is a fundamental issue. As a resufthotovoltaic systems, which is highly dependent on environ-
photovoltaic solar power plants have beettlwirecent years mental factors, we are focusing our work on analyzing solar
to take advantage of the country's abundant solar potlrifjal photovoltaic production with the aim of studying the effect of
Aware that energy is at the heart of all economic and social deeasonal atmospheric parametenstioe production of solar
velopment processes, Burkina Faso has committed, through pilotovoltaic power plants in Burkina Faso, which has a Sahe-
Ministry of Energy, to devote considerable effand resources lian climate. Specifically, we will show the seasonal variability
to making energy available and accessible to all by diversifyingf aerosols strongly influenced by desert dust and then highlight
energy sources through the use of renewable energies, partitheir influence on the output of photataic power plants. In
larly solar photovoltaic energy. However, solar energy producaddition, based on a study of the correlation between climatic
tion is intermittent, and several climatic and eoninental fac- parameters and the solar energy produced, we will describe the
tors impact this energy production and the efficiency of photoseasonal impact of climatic parameters on the solar conversion
voltaic modules. Indeed, the efficiency of a solar photovoltaiof these power plants.
system depends heavily on solar radiation, which is unpredict-
able[13] and influenced differently by weather conditosea-

sonal variations, location, time of day, and the position ang : Mat e Mealho dand

height of the sufl4, 15. Temperature is also a parameter that

negatively impacts the efficiency of photovoltaic cells, asitis2 . 1 . Study Area and Site:

inversely proportional to voltadé]. To this end, at anperat-

ing temperature of 56€ under an irradiance of 1000 Wimethe Bur ki na Faso is a landlocked

efficiency of the cell decreases by 3.13%], and a5% de- t ot al area of appleiki masebyr 8

crease is recorded when the module temperature increases By Mali &aodther whstNiger to t
Benin to the southeast, and T

26


http://www.sciencepg.com/journal/ijaos

International Journal of Atmospheric and IOctpni twBw.i anicerscepg.

the R@Buhkina Faso's climat2e, Bs shddigvigded i|\,t|1§tohtohdrc§3|eog'
cli matitchezoaresd Sahel -amidh&8usnnorth, the semi

da@ahel i ane zoenret drm, tehnd t he Baubhumm Wersullaarkisei s equi pped
climate zon@0ilnA3il het hseset hc | GOomattriocl zaohnde sDat a Ac ¢ uimsei tcioonnt)
experience twol magersdayoseltbndaloder¢ Gyl sheion system.

period from November to Mayofanrde mo tyee td asteda snpann & o oM@ Mysyi ndel St
Oct ofdpB#These two iseracting lairdefk edomibor edmeehs nehemaomuni cati o
monsoon and harmattan winddatmRdr@aseharadldt ekdtzae MamMmdEPMent
circulation in West Africa.coln ecdedntbyyddres vapiokiSngera:
opted to diversify its enermdy@nddur Sed rayn stmi t dieflg atngd o &
energies, particularlyhbsel dm@pidPEd vtoOl thaoiNci tede rtghye, progwe r

several solar photovoltaicthpOwser PCARAstRHEHSemMplesn btuipe
cluding the Zagtouli sol ar %cottioovo | t@8lc! powvepeprtanie( 180
-1.64°E) and the Nagreongo Stodtahs pohfottolv® | $@liar pwmwéy! @9 ag
(12. 415°2N5°E). Zagtouli is adatbaun i deiati@igngmptwemperhatdyrse

triodt Ouagadougdu 4Qi1lB) 20t1Meandapi ndl spged, are measured
Burkina Faso in the centralNagd@in@d. Met eps 0] egacal Agene
west of the capital, about Makekimesd ot &d $9f c@dm ORseevayi
Nagreongo, on the other harmPdr Piosesd . .r Prass®dcadmnidaite add @ma
the centrreagi oprl,ataebacuut 35 kit beeZaptoehst agd dHagggongo si
dougou. Our study focused 8¥Waikhablzeaganua ihoand oNd ¢tle Pd @ d
power plants because they fadlel oamhondg stumeé i s[pk Gt shlda y@ sslo

power plants in our country and are the ones that <can pr
. . c
complete energy perrdductoifonatdalteaa sftort Ig=ﬁslr(t)dt (1)
year s. LS
2. 2. Description of Sol BheuPmuwtt of oal tbhotcovP btyairc pc
Pl ant s energy it can supply over a gi
hours (kWh). Estimating this
l naugurated in 2022, t he ohNagrheeonagmmo usnia | aorf pbobhovoldaiadt
power pl ant i s -phevaetsupbr bé e ma hpogdlindigeeetdh e f o[13150:wi3n6gl] f or r
t ween the Burkinab¥ebbever nmehtemall Gr een
copgrany bas&diiemn®&ai mind t he OuagadougEPLtlgS3BCI@Pr (2)
Energy Production Company. Built on an area of 50 hectar

the plant has a capacity of 13,0 Wiy V\éiqtuhat%noneStPid“arteepdreasner
production of 49 GWh/year. , oPY  fLeLdscongistis ©F aS 1p%
seven thousamad eargtdlthcsm(\uaa‘m,t&gg e4rﬁSwith val ues bedsveeanmadn
Wp modul es connected togetohte rir{hFﬁ}jErabnSteﬁéeéilfpia(fiaérr
strings. The plant has onesﬁ d‘idﬁfdora”adi’rotnel(ojsgje)s Hnge[]
with a unit capacity of 250“{1\/r foofr tghrei dsoiylnairecptef-noenl's AslHc
transformers, thehewath b aixv\pe(GLpS}eougvgtrgPHetae observat.ions
of 4.25 MVA. Their role is gosst&P #p T-hiog)Biné AhR)cIsBRED
the PV system to a high volrteaen $aif PRI ¢ ta hHhae kel
l evel of the evacuati on Iiréq.acpf I%%aap‘lie.hiaﬁkﬁeﬁgeergdaetce{récFHct(
pany of Bur kina Faso, wbia51pti-s. dke\f)'thTQ%Q%)?g}ngﬂgiur_ed
power plant was completed gjd hRgUGHbBiRLEE edal 2 Tk Wi it
n

capacity of 33.7 MWp -fiomre otn{e\%éh-un r‘?rﬂdaﬁa\’eﬂtié nm whi c
sand six hundred (129,600) .80 Wp .PV odul es,..lt cover.s
area of si xty (60) hectar(_gjzéovaanrzj_nI[pSrWoe}rE)L'JS(gjgseﬁ’r)ml)pf_soeat reayn 'é](
GWh/year, oel gppRr 6% md annbdstel bker@péimpypPbghic transpa
sumption. Thwpoe (82 thiuetyesnsd si rangl be¢.ald¢adh(bean(dz)at tvea
w!th a unit capacity of 1'4uaMViAort|e%@%@&tf/)?a:&&&rtgrhg’ t G0 MP A,
sixteen (16) transformers with a_ uni c‘apacity o 2.3 MW
feeding into ali3BekV trans nfidUsBlEM ]

NS
l_\('D S
N

27


http://www.sciencepg.com/journal/ijaos

International Journal of Atmospheric and Otcepni twBw. fnicerscepg.

_ o~ the energy production of phot
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The Angstr 0(mii)so af fsiizieemtar amet eart BBt epr ex) and (Y) to
vides information about the ”eass“roen&fi}ﬂixl,)jaﬂﬁéﬂh@ ‘andF?"i‘/ﬁtd'u%ll
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I n order to better characterize the effect of seasonal

3. Results and Analysis

3. 1. |l nterannual Variability of Aerosol s

3.1.1. Annual Cycle of Aerosol Optical Depth

AOD - Feh AOD - Mar AOD - Apr
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L
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Figutaté&érannual spati al di stribution of aerosol o

Fi guarbeovle shows an overviewpofi ntghe Tihret eHaarnmmautatla ns piag i @l n

di stribution of aerosol s i maiBrurwda mtaorFafsoor rd lhreiamaghi 8 b & D pie
from 2020 to 2024. This remopepbptatipartl tclbesranes hehé&a
mum aerosol |l evel s during FEiret hwd rnmhcerre ,mointt hssh ooufl dF eober wneort
spring-Ap Mhatyc)h, and summer imothe@nto (The sworsl c¢'osn-I argest s

sistent with the Harmattanmaimdyfl owai ead tihr BtGhlded k®a Davha &
predominant during the dry isneashard,, paruttihcu verdlryy ¢iam4i, @ioa
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4PAl'l these sources, combi nkudgwst) iBarrkd rnkae d absy 'tsh e rnooxn sm
ity, would explain the highl adewnwmswiltlbpmioicat ude ptttha t{ AIOD) r
characteristic of a hitdel-y gwarltliucuweldaraltymoismp hurek idrue FEFas o.
range transport of aerosol seriinz eadd iyt itchre atl @ sboo e gleent isrs

which are more closely | inkfedt te e qouaadt otrr aafrfoiucn da nldo ° INi, o m
combusti on f[4BAx dbeuds ht of itrheiss viest i ke fsycstt etmsatt hat are res|
vegetation cover is | ess exwhencshi vibeayi neBulr&kimat Fas@noe snp d
in the north, which is conduwecairvey tsou nepdortsoiwayv dbynetuhdé ainpmp &a
tan winds, particularly insEaebonaon, aBMabpsh]| amds®&pons$, i
the effect is much more promeounaedugls$t sdmdOddn ehdeevtaummbne ()
during this period, Bur ki nawhFiacsho iesx pa rtireanncseist iao rhi pgehr ifa e q

of dusmaekedt by AOD val uesmathtoavre 0O Bt haen dS aehwed n
reaching92 dHEha8485ummer -pwlryi od (June

3.1.2.cAaoheadf onmtChoee fAFNigcsitern t
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Figutet2rannual spatial distoribution of the Ang
Figuslows the cycle of i ntcelriamantuiacl cnoonnttehxlty oav eBruagke sna F

of the Angstroém coeffi cibeen-twhmecahs utraesdi al nExdpiTidsed peacd mr ad rhad
tween 412 nm and 470 nm by ctlhees MODd Salsemswirs iolvlee it hespmn

riod from 2020 to 2024. Thicenvsecahveéempygstams, pandmétherau
provides information on t hevemeteur,e panod addrliygilni nokfe da ttnoo stpht
particles. Angstrom coef fi ccioennvte rvgael nucees zerd e wf dl li edii c@gt £h

domi nancsee opfarctoiacrl es, whil ewarndtulees &wel[Joywboflwe®uridn,ecaAugust a
a predomi nanc ¢4 Jolfo ftihne mEardtbiealneadppeias o© 0O be -nmoodee p anrftliucelne

the annual cycle of the Angotsre@dmododitikeinepartndi eat asd
domi nance of |l arge particleasl dparitnigc Itense awientcearusand bgpt
mont hs, par tiacruyl atrd yMay.om nt aniunep aw élch | vingdtisnae transport
patterns during the Har mattaan dagygseon, I[thebeuadr asslos bma
associated with miner al d u sste,a swwohni d m iBaur fku mtah éra sjoy s twihfi ic d c
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due to soil moisture and atHnorstphherr mar d ,e atchii .1 gc o Daird emrga b |h
riod, t he Haer nmaactttiavne iisn ntoh eg uSsath aormaw a rndasr kheidg hdyi ght s t he h
strong ther mal depressions pauei tbeshtehiseh hame .| dhged yc ¢
emi ssions and the transpor tpecfi aflilnye dduegd[ed@]Ther wwetcaktas o
titude to the Sahel. AddedcobeffhcBefBp(RAadboatae®r oasstaro
emitted | ocallryafafsi @ ardubitboamdewseomadm@Dsand t he Angstroém
tion, especially in winter,t opaeeratsiiduwl arolny |iurd eDd cieamb evh e an ¢
ary, creating a plume of aefdstcli dedomasas edhbypmynenald
[43,]. 48 granul ometric nature and orig

3.1.3.ChAcadfeearload | Sthiedy Sige9p Slempadtamospheric
Paramemhe OfhepuSto!l ar
Cuepadeugou (202020201 Phot ovoletRaliacn tPso w

=
L]

3.2.1. Sfedyooadft BAdreacd ol
Optical DepSdl drAOMDgt eemt |

The two Rirgapalsoven show the e
AOD and solar radiation at th
An analysis of this data show
potential @&t peatkls Dibtseg v ewi ti n

nm)
14
]

2
o
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14
&

and April for Nagreongo and Z
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c
_ ) articularly[1lLﬁ]|IB1urakd|dn|aI|Foansot
Fi guRepB8esentati on odf ACDe aatanLg nmz(aﬁln nd
n
n

the Angstr°m coefficient measubred ] rthspog tFaI thae'wds% wegen
om and 470 nm. y mini ma 0 el na% i%n
Earth's surface directly. How
ues obtained in Augudstcanrhen g
Figusheowds the annual cyclePb®i A®®H B¥qt Rl Rdaulghepdoe Lehfd, sc | poeur
coefficient, illustrating tHR®NePbPdLMbA2aBFCaec?DsW8ls! (S
where the Zagtcswlllararpcbwl‘éagrﬂeacﬁrﬁdcﬁlEFesluépe”ded a$ f Fmerd-i un
cated between 2020 and 2024PD e'i:P“B‘Ene’Jaqlu%qryb'trbedJunealyASd[§
varies between 0.45 and 0. 858" 1iMV®rcSa® iMnSg aal 11O NgSHN 1 cPo nPceet ny &
of aerosols in the atmospheP@ Whe& nfal IpeaSeprdednPied 00§50
served in March, foll oweu yp%®a: cJoarw'Eqadreyrab':lebrdL’each)ne &N
to December. Thus, this evdlMutNBRIGINTNEL 0GR 's€ 1aat IsO% GO §
solar power plants is consi?@9dRUDWBLA EFhd é\'@zg&c@ﬁ”d‘lgmtr‘)}f d
sols in Burkina Faso, wherlken%axS&mume!l alviednss hd Pe Jdd Sr \Nd
during the winter and spring®!pSerdnodss®!aghd Rhletntjinale atrhryo W
in Jundé, mvni mum levels fromPhafly rFGD@)%%%%%%?S'tH%% At r
ever, the minimum Angstromw%%l%f‘i"i’%l!éﬂtt Ve AR S0 lakts® oM &l y
with the AOD maxima at the Y$7t%@Q ?@?T%Eka{ﬁetg?rﬁhQ”HBhF
of large particles attrlbuteed”tt'o 'es%'r\ferblughedu i 9 g Viad il &
prevailing ﬁaam@td:anvevmmldvel snyks o nfsOl Smpubl pipipglgeu recne s . - To th
larly in June. The dominant yiag: the eiffd&charldi RedL siod
by the maximum Angstroém co@fif’iecfsﬁ? LafuRsSihEninfeleha Mty | ay
and December is panpabl yandsFgPtd "Ploddald considerable che
pollution, and the meiulsipeddi b§d off 0 Ts@9F! nRre fpdeo tspOoml 3 1

<8}

i nwater, especially[8t7, .tH&]l]end of the winter season
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3. 2. 6. StSwedys onfad fMiEe d e Pfe®eldar Photovoltaic Productio
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Figure 9above shows the graph of energy production andoefficients calculated around r = 0.20 for the Zagtouli site and
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) : ) X . . Photovoltaic sol ar ower en
bined with the high solar potential during the spring, very often . . . P g .
- . d to its intermittency, whi
causes strong atmospheric circulation from the ocean to the con- .
. S ! . “mental factors that wvary with
tinent, resulting in remarkablgind speeds in May and June, in .
" i X o refore provided an opportu
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of the monsoon season. Furthermore, the retreat of the monsqon .
) . ) n, temperatur e, rel ative h
and the importance of vegetation cover in September, October, .
. . : p'erformance of the Zagtoul.
and November are reflected in thénimum wind speeds dur- .
. . . . ) nts | ocated in the central
ing this transition period. It should be noted that wind can have . . . . .
. . i ically in Ohagandonugodwp.al Thiy
a dual effect on the operation of solar photovoltaic systems, ; .
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g , . ) h I arge and | ocal scal es a
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) : better understand the i mpact
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cially during the spring period, as illustrated by the ener © after highlighting the
'ally during pring period, i y Y orrelation study based on qu
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: ) _ mi zation of photovoltaic sol a
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acts as a barrier to the penetration of solar[#gjs These anal-

e
production cycle of the s

yses show that wind often has contradictory effects (coolingandc OD Aer osol Opti cal Dept
dust), justified by production peaks associated withimum MODI MODer ate Resolutd on
wind speeds and vice versa. However, wind has a predomi- radi ometer

nantly favorable effect, as illustrated by the positive correlationNAS A Nat i onal Aeronautics

34


http://www.sciencepg.com/journal/ijaos

I nternational Journal of

At mospheric

and Ocepni cwBw.i ®nicerscepg.

PV Photovoltaic

SCAD Supervisory Control

(3]

ht teosi /dr g/ 166.613121.12/0j 1. 01.704598 9 0 . x

P.Ldndrigan, Full er, R., Acost

R., Basu, N. (Nil), B®IRke, IA,
S. ., Boufford J. ., Breysse,
Acknowl edgment s cetk, A. . cropper, e
We thank the principal inves'\('|anta6PE%rln W&Aﬁ‘&eéi\lg?m%'n
. | utitl o re raeipmtett no
Aeronautics and Space Admini t2|oag I h'e "avarl
of satellite observation datahttqb(m/drg/106713061(6]/78)031243045
We would also |Iike to thank the Ministry of Energy fo
providing theomrsdbati photd¥# eH.-f &aR9 .p Bwe WA Ahugletgiaod Bt rdet
plants. compositisomfAGaloypsaill COZEEWmFssi
|l ogi cal ,Ecvoonomi@®26, pd017,
ht tpsi: /drg/ 10. 1016/ j.ecol econ.
Aut hor Contributi on[% | PC'C)] i mate CHaregeca2 @0t i2f0i0cl . Ba s
Nebon BGawnWoeptualization, Dgtm. czur atat®8mMsonMetphodedri, M. A
ogy, Wortiigngal drevitewW&i e¢dingéngcChapman, W E., Cameron, M
Bour eiammadCBinceptualizati on, Dat a Ctaoamtast,i oHh, AFor Enevol dsen,
mal Anal ysi s, Iglertdw\oida)vi/oagyedi\/\/crﬁ%'gdrﬁtfO_m, O. K., Hennessy, E.
Mamadou Simi(hoancDerpatmlea_'Iizatio% MOV Bk i S&Ythathyom%eSR,,
tion, Methodolog—yr,eWiaéWd&téabin Mﬁ:?g.e‘ﬁ' Wat’eCJroq-f,nel’;x;(;blerssui)mflelz
chpubg NBanbanpu_ratlon, Softwaor_8 g fdrgjrbljez)@u‘e 07. 00
Writ-regi ew & editing
FIl or ehekgiBe F@:r mal Analeyss,i sV@/JREsoMin¢stein, R. W serTh&. cBit
dation,—re&viewng editing mate amuudlaitry benefits of wind
Sie Wamject administration, UBiulpeed NSttaf R0 B0l dat i on,
Writiregiew & editing httedsi: /drg/ 10. 1038/ nenergy. 201
[8] E. Lu andl nmpaciMasn gg fn gGl ioma tRei vGehr:
. . . gi eri,Swwdi.e®7486, 202p
Data Availability St tt%&n%ﬂr /10.61848/rst.v2i1.5

For this work, we use data from the MODIS sensor9]
aboard the Terra satelvannt e,
website bttps:/giovanni.gsfc.nasa.gov/giovanni/). In ad-
dition, we use meteorological and photovoltaic power plant

production data available upon request from the Natlona[IlO] S .

Meteorological Agency and the Ministry in charge of En-
ergy of Burkina Faso.

I. Neher, S. Crewell, S. Meilinger, U. Pfeifroth, and J. Trentmann,
‘aPvhaoit badllteai 0o np oNve $ A p cteafisatdo al i
elit e dAampbsaChém. Physol. 20, no. 21, pp. 128712888,
2020,https:/Hoi.org/10.5194/ac@0-128712020

Godmainnnou, H. A., Diop, D., K
Y., Nebon, B. , Chei di kh Beye,
Dr ame,, OM.s eSnv aatnido Si mul ati on of

Energ¥YyjameNa Sm@mad,Grid and Rer
. ergyvol . 1A,65wvad., @H,19pp.
Conflicts of |l Nt er esthttosi/drg/10.4236/sgre.2019. 1
The authors declare that t[MHeB. WNaDremao Mompet Bhwynoi,ntker el
Sal |, St,MK,, PLor amsd udloyseph AeB
|l mpact on the Solar Potenti al
Ref erences Af rilcrat,ernati onal Journal of E
Changeol . ?.93nd., =2R,01Pp.
1] F. Shaik, S. S. Li‘Ephéat ahdvRIideer/abol b@,9734/ijecc/ 2019/
parameters on the perfoemaeee of solar PV power plant
view and the é&xSpertiamenmtbdle EE%]WLéd' $- RR-. Niang, A. Gueye, A. ¢
s ea,r cvhol . 12, no. 1, 2023, OCDompz_aratlve Study of Avai l
https://doi o(}@cyomovellss/s4058‘d‘75‘a“"‘5m“m“fG““’e'a“d Reakwa
, nhol5@B87,ppRr0O023,
2l P. R. Epstein, Buonocore, J. JhttdEtx:lk/edrrlge/1(}(.4,23-|GB/n3jqrye<.,20\/I23.JS
B. M. , Hei nberg,ayR. ,B.Cl &Repg ,nhR.r tW.

Ahern, M. M., Doshi [Fud.l
counting for thAnmaIfse

Academy of v®di.encas#®,8, n®.011,

35

ke. o, 5¥la he - djo

cfyct be Olﬂ%n%lqp Q’Mj rlﬁntatlon on the performance of a-guidnected

doI LG. Yohani s, and
tovol t RenewEnergy sd. 82mo. 1, pp. 11840,

007 https:/toi.org/10.1016/j.renene.2006.05.006


http://www.sciencepg.com/journal/ijaos
https://doi.org/10.1186/s40807-023-00076-x

International Journal of Atmospheric and IOctpni twBw.i anicerscepg.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

M. M.adE o uL . A. Shi hat dAn aindt eE-A Bi t &r a"t8mr egpa n,ecEmiexivglyd 06,1 , p2.013
grated review of factors infl thanogieng drigeé 1penDdmancel ehephaa
voltai tRepmenweadbhbsl,e and Sustainabl e Energy Revi ews ]

vol . 80, n0149195|1)1 2@D04 7, pp. [2]G T. Cha’l a, S. A. Su1‘Eaf|freacrt,S a0

httgsi /drg/10. 1016/ .rser.2017C¢loismatgizc conditions ofornaseeb
sol ar phot dMdel t pool pandél sno. 1

V. Prema andDEvelUmpmd&kmto, of st a60PRhdtitiggasal/ drigma@a 0. 1016/ j . heliyon

series model s for”Reobwr,Enwbgypredlction, o .

3,1p000 2015 Vasel an‘dhke. efdlecvtyi @dif s wi nd

htteesii /drg/10. 1016/ .renene. 20P8" foo3r Magngc e o'fEnealgyr CRVIiyelvan t M
153, no. S4p8&Mmbe201pp.

M. M. Rahman, M. HasanEdZeamdars ,htamdadi:NIdrAdg/ 1RaHiOME6/j . enconman.

of waripar amemeds!| enpd®PwWer "and efficiency, )

Energy Conyews! .31483g, 2)015[28]F Basson, F. Zo-Mg mdDri @,a ma, Sao

htteesii/drg/10. 1016/ .enconman . "¥endspP aydsn agnggztilen all lytso sd oo, f's BNaki n
tional Climate Change Adaptat

S. Nizeti¢, D. CokoCabh‘®aYedav Acamed Fts GCBopoéegetEmneSci ent ivioil ¢
spray cooling tedhhlhrnioyweé:Tapep! ipaddednoa 27, p. 149, 2020,
performantEneagregy oGicsrey,evel . MO algt pgpsi: /dr g/ 10. 19044/ esj.2020. v
28296, 2016,

htteesi:/drg/ 10. 1016/ . enconmdl. leﬁegogM%Drwé(BrunoKPFIorentSMSaIIand
. Joseph, “Optical andinBacropl

S. A. M. Sai d, G. Ha s sAagne, e | H ., hMlanZWa(DaNsd,ofantdheN.OuAdgadougou (
“The effect of enviromumeatiadn f &lgitintennationa Jouinal dol K19, ppa5097%0982, 2018.
photovoltai c -ancocduwnhuelsa tainodn dnuistti gati on strate-

gi eBReenewabl e and Sustalvnoalble%ﬁew@?dﬁevMew%ad'fata Y. W Ch:
May 207a26pp. 2018, Seasonal Analysis of Aerosol

httosii /drg/10. 1016/ .rser.2017.befiR@Ijve Impact of a Dust Ep
Af r’iPchay,si c al Science, Iwmale.r n2a%,i

M. Mani andmRactPi o adhwstovoh t appbab 1 p BOR2Pei: 1LOr gorsR4 /5B 88 3
(PV) perRegsenamcl status, challenges and recommen-

dat "TResewabl e and Sustal\ncalbl[3é]1%ne§m¢r)@||§é’w@ws Bazyomo, S. D.
no. 9123p3.1, 2010, , Bo, PBathi gOfatnidm&KlamSi &Bi.ng

httqui:./drg/lO.lOlG/J.rser.2010p._th7.%rBGSrgy of PV Power Plants
ti pOasse of Su'danmireamtSadealr,nal of

A. K h o dla&kfatria,m M. YaghoubQut -andenAc e Faenrdr aTnevcehlnloil 403,88 :1,0.2 A D4, pp.
door assessment and model i ng ohft tdmssi't/ddegdolsOi.t9i103nﬂAi0njnpaa§ct7t/ 200n2 4o/ p
timal tilt angle and ope€tating temperature of photovoltalcs,
ternational Journal of En,vi[3%]anen|tbarlah§C|en"l:e Kaehrdarﬁ'tb' Minwo 1 bgyF
vol . 22,16]@-660.-58,p$025, Ste‘chﬂanges I n rainfal regl me
httgpesi:/dr gl 30620079 3 cli mat e change condltlons sim

modéClIsi, m., Dyr .56421.36188.81, 2014,

J. Lin, Z. J. ZherdA,tRindLLi uihdatddi/Morlg/ 1B-ail-POR7 s00382
and its effects in an atdtmic force microscopy measurement,
Chinese Physviocls. L2dtlt2ero2 0 89, [FPpB.- Kabore, S. am, G. W P. Ou

httosi:/drg/ 180IH886086686802 A Study of Climate Change in
2012: The Case of the Cities o

B. Ebavi H-ShAalria f iA-AgaenélinMi r Aln - and ,DAorraibi an Jour ncaels wédl Ea4 t hn &
ment al mud adhesi onEbheopt b€ abnebgl,as2s0 1sfur f ac e
drying temperatureSooInarsuErn!aaarIcgey properties,

150,73 @, 2017, [34] P . Kabore, A. Ouedra.ogo, M.

httqbcsl../drg/10.1016/j.soIener.2§f?r9&t8ﬂizat'°n of ecleinmartael vr:
gi on Bur ki na Fas,oClhentaweod no gl

Z . RZzama,r a , P. P. ., Soliz, A., S@IIer&ZQDS.,,pﬁZEDely?e.s Cruz, V. E. ,

Cob-WMsrci a, J. A, and G&ldllaergU|Ilos Madr i d, F. M.

Panel CoArRedimww, J. Mol. 6 o Kymakis, S. Kalykakis, and

202hSt,tpsi: Jdrg/ 10.3390/ijms2613 gngllgsis of a gnd connected photovoltaic park on the island of
Cr e tEmergy Convers. Managvol. 50, no. 3, pp. 43338,

0. K. Segbefia,T. AO. GMoalt sntewmre s , i280Nhttps:/Hoi.org/10.1016/j.enconman.2008.12.009
gress in photA)vrod‘VtSanlvmrmcEduHirleg?/ )
224, no .8 8PWrBe , 2[.0[:21 F. Pai;snefLSYoWalta, T. N.

httosi/drg/10.1016/).solener. 2d®e, ogN@sdPerCbemakece Evaluati
Faso 33 MW L &rognensetc t @rdi dPVERo wer

A. Ndi aye, A. Char ki, A. Kobi gr @i ed,. (Bals Klepte,, nPa. Al 7 ,Nd2 0a2y3e,,
and V. "“BOeamwmbadaaft isoinlsi con photovbt taaseic/eomog/ul®s3390/ enl6176177

36


http://www.sciencepg.com/journal/ijaos

International Journal of Atmospheric and IOctpni twBw.i anicerscepg.

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

N . Bado, Ouedgraamego H.A. Ma@uemn e KKegnoT. S3aetKBab,uti on of Satelli
Zyomo, S. D. , Kor go, B. , Dram®©ptMca$. ,anSlalMi,crSophV.s,i ckailen®©h a
P., and BatChHiienlmad ol Dgi é al Anal Besr&i nd RasosoMespharfirée cand ClI

Optical Properties by AirbornenfewodriscdAa&nld p@RmM 2%i,t u Measur e-
ments in : :@Wase Afr itzbhoet €pachne |Jioaunr Rt t ¢psi: /dr g/ 10. 4236/ acs. 2024. 14
nal of Ajirvebl l odil8B8d., @DI19pp.

httosi /drg/10. 4236/ 0j ap. 201 448lglg0oM- Haywood, J. Pelon, P. Fo
G. Capes, P. Chazett e, C. Cho

R. PiHudbwsn ks, P. A., Pl atnick, ClestMeye&r, DErsg mH@nz GKe dEshioe
Bot ambekov, D.,, Ufadhadt eWla |l d h s e.v dlteiesres €f J. Hi ghwood, B. John
clouds byr MODdbWSalf omo'tEed r tahs sy sime nMa,r s h am, S. Milton, G. My hr

Sci ., Dwdla. 154 82¥M®.7,6,20@28., JL. Rajot, M. Schulz, AOvVEBling
ht tepsi: /dr g/ D28 P4L/3es s d view of the Dwgstnipnegdi BE&é mtmaasrsd /
Monsoon Multidisciplinary Anal
N . Bado, E. Kor saga, B. Dlandq,lo% SGeoEbrhaW%Sl R%lsl:golrig(ii’ 29@%‘18)
F. P. “IKmpeancot, of typical days opy ttqﬂhfel /odprt N 130r‘2d9/rQ'000r8°J DO100 7
phyali parameters of aerosols in ban zone of Burkina Faso,
West AAsizm,Journal of Atmoos[@]h\]e.rlEbarErnw,l r dtnefeaarti e Mei |l i nger,
19, no.htlt,pge2:0/285,g/ 100200FB 5442TCT2ezuch,Ki Miaola Christopher S
Yousi f, Ti na Buchmann, Johanne
A. L. Bonldalulgxo,u,S.aanaan.aoAtdamTougk'b’- Jonas Witthuhn Claudi a |

mati c Parameters on the Perfo,\yla{’rya@rce IPéonSHOdrad' §@H’é-l<8%9kﬁvlé|rﬁto
(PV) Modul &Smar tNi@rmed/,and, Renervhaib| i®p FN®d 9 auer I rarmeddd Matntdh icd s
vol. 08,3h7®931220D7. ical properties fromtmmd.ar

M. S. Dr ame,d M. CdmaBaame,aama l Vg}tqbcn../drg/11064%212&)48amt
iability of Aerosols and Th ]r Rq\,paqutllcvoerenrgpacJts HanW%q)rhel HC
mate during -20l0 Plesiimg ABDR®NE MDatM%ilet “T mpoo sJp. h ePreilco naer osol s

ternational Journal2®—21733,pp2@1&rqcmeasgh|Ights from the AMMA i nt
htteeir /drg/10.4236/1j9.2013. 41AP2fheric Sciveonlc.ko2lPet tdeprid ,

SEngel staedter, I . ‘Neogerh Admd Qéhmwggﬁirﬁéégnlooz/a“'322

dust emi ssi o'fkararmd tSwaaris?rF&ﬁr@iSl]mp Dr a me 0. Bil al M. Camsa
100, h2totQpes,i: /dr g/ 10. 1016/1-earsGl'n‘]pea"ct2006fa\Pa§erI0095t§dles son ar ener

B. T. Johnson, S. R. Osborne, g‘?JUOernaf—llayQNfoo%eneaV\habll\ﬁVa%“d \§4us
Harr iAsiorr,f t measurements of bl%)i]'nQSS %ﬁ?’nln aerosol

over West Afri’da dGJermpnhgy\;sBJB\B?Ee)l%,l3I psi: Sd -1063/1.3682078

p pl-15, 2008,

) g S. Ah med, R. Kar &Ex p eBr.i ke n tD
ht t¢psi: /drg/ 10. 1029/ 2007J3DO0O 451

nvestigation of ¢ oodeipnogs,i twionnd

B. Kor go, J. C. RGlgiemat alnag yJ . f?BCataﬁhn ebos,Olar P_V performance
mass trajectoritesi akide ae rowsarl qp%%a&schedus_tudles in, TheimalbOEng
go'uGl obal Journal of ,Puwcel .anld9, Pps;}edpScflgﬁégg’ 20_23’ .

16981, 2013, tepsi: /drg/ 10. 1016/ .csite. 202

httqbtslldrg/1043l4/gjpasvlSi5g]lA222hang AOXing Zhang, Ythang

B. Nebon, Mamadou Si mina Dramgeysgldé\/%bq\/l ug\{onghJ |daSa§d>flm)gi Zfia‘
Korgo Bruno, Demba Ndao Niang, Klnegno = glglorentrarﬁdaplg'zivt@mte'

i @b Di eudon‘h @ Skaseomha,l and Annulaqr%/earrlr}:\%"?toéng S?;rce 19020

of Aerosols and Their Radiati ve®'| r@tnamcots‘(ijn h}(ehméOSam%%Pgﬁ Zoﬁe
Bur ki nNdAtfmosp,heric and ol ma@@:,zgrtg%()t.end)c@e's rg/ 1200 S&B2alac
01’697]04-' 2019, [54] D. CtAbsspo,r pti on of sunlight by
httqb(sl/drg/104236/acs2019910 dlAqumS'tlal explanation f o
A. Kouawslsi As sPamoi , Syl vain Blﬁg?mae,@&)a?rﬂgs f;ﬁ\ﬁa‘gl 2Lé/t45t75r7m 5,
Guy Schayes, Fidel e YotSrtaubday eotf thztfta"’n‘?' I(cguz;‘ 4150 9/97GL502

t he West African <c¢l i mate us[55]n@ tmleIIM'aﬁl“A%-Ro %gllgaﬂbsaggppér
pheri ¢ Ciho dnalt, olvog B85, Rm®.10, vapor in

) p cl ealrm@alnidc ztl ooy fK&i e:
ht tegsi: /dr g/ 10. 4267/0"mat°|°9'seor4p4t§|orGepry\sol. 1094205028 D7,
N.Bado, Serge Di mi tri Bazyomo,ZOQE'%t’rtmésll'r(de(‘lag'JPOO%%/r]eggg‘]D901
OQuedraogo, Bruno Korgo, Mamadou Simina Dr ame, Fl orent P.

37


http://www.sciencepg.com/journal/ijaos

