Solar power forecasting: application of the NMMB/B&LT
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Introduction
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mineraldustintrusion. On4 April 2014 the power predictionfor German SRR computed with HYSPLIT (Stein et al.,

solarinstallationswasestimatedas 21GW,whereasthe measuredpower
production merely reached 11GW This strong overestimation
significantlyaffectedthe hourly price in the wholesaleelectricity market
priceswere firstly assessedat around 27¢/MWh but rapidly reacheda
levelcloseto 150e/MWh after recognizinghe lackof solaroutput.
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It has been found that a large proportion of the uncertainty of existing e S e
NWPmodelscanbe attributed to the lack of accurateaerosoldata used NP2 A T SRS VI RN )
In order to model solar radiation Despite the advancementsin the > !

modelling of aerosoicloud interactions, current meteorologicalmodels
use parametrizationsmade mostly for climate considerations(generally
monthly-based) The NMMB/BSC Chemical Transport Model
(NMMB/BSECTM)is a new on-line chemicalweather prediction system
coupling atmosphericand chemicalprocesses The NMMB/BS&TMis , y i e i | st
the operational model of the BarcelonaDust ForecastCenter of the s w m me w w e o 5w m e e e
WMO (http://dust.aemetes) Previous studies have analyzed the

predictability of the NMMB/BSE&CTMto reproducedust outbreaksand

their impact in solar radiation close to source regions such as the

Mediterraneanareaand North Africa(Gkikaset al., 2015 where mineral

dust has a high impact in the solar irradiance due to direct radiative
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Job ID: 135350 Job Start: Fri Apr 15 07:19:54 UTC 2016
Source 1 Iat.: 51.5611800 lon.: 10.138700 hgts: 500, 5000, 10000 m AGL

Trajectory Direction: Backward ~ Duration: 192 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 Apr 2014 - GDAS1

effect Fig. 3. Model domains and available

: : ; radiation measurements from the
Theaim of this work isto analyzethe performanceof the NMMB/BSC World Radiation Monitoring Center
CTMto simulate a mineral dust intrusion far from the sourceregions (WRMC)- Baseline Surface Radiation

to explorethe applicability for solarenergyforecastpurposes Network (BSRN).

Fig. 2. Aerosol Optical Depth at 550 nm and 10m wind speed: 28 March 2014
+5 April 2014. NMMB/BSC-CTM 0.33° (RADON)

Methodology

Table 1. Model description and main parameterizations

NMMB/BSOustmodel containsa dust module embeddedonline within the NCERNonhydrostaticMultiscale \Y[ele[<] Spatial Vertical Met. initial Dust -radiation Land use
Model (NMMB) It providesweather and dust forecasts,from regionalto global scales thanksto its unified resolution resolution conditions Interaction
40 GFS

nonhydrostatic dynamicalcore. Dust cycleis representedthrough severalparameterizationsdescribingdust NMMB/BSC-CTM 0.1° x 0.1° RADOFE USGS/STATSGO-EAO
particles'sourcesemissionsfransport, removalfrom the atmosphere(wet and dry deposition)aswell asthe 0.1° (off) up to 50hPa

interactionwith the radiation(t gzetal., 2011, NMMB/BSC-CTM  0.33° x 0.33° 24 GFS RADOFF USGS/STATSGO-FAO
0.33° (off) up to 50hPa

T Simulatedperiod (spinup periodandkeyevent) 20 March2014 6 April 2014 NMMB/BSC-CTM 0.33° x 0.33° 24 GFS RADON USGS/STATSGO-FAO
| 0.33° (on) up to 50hPa

+ Keyevent 28March2014¢ 6 April2014 WRF-ARW Vv.3.7  12x12 km 37 GFS : CORINE

up to 50hPa

Methodology

T TheNMMB/BSE&CTMmodelisableto reproduce the dustevent A comprehensivesvaluation
of this episode and other periods of study can be found here: http://www .bsces/earth
sciences/mineratlust/nmmbbsedustforecast/

Includinga dustmoduleinaY 2 R SélcQlations
T improvesits skillfor reproducingsurfaceirradianceduring heavydust events v
T understrongdust plume maximumtemperaturereduction(not shown)

T ahigherresolutionprovidesa highermineraldust concentration,especiallyof dustpeaks

T differencesbetweenonline/offline dustintegrationinsidethe model are moderatedue to the

: : . Fig. 7. SW radiation at the ground.
relativelylow dustconcentrationan centralEurope

Fig. 5. MODIS-Terra. Corrected reflectance, 2014-04-04-12:00h

true color. 2014-04-04-10:40h Fig. 9. SW radiation at the ground evaluated against BSRN measurements (left-
hand axis) in The Netherlands (cab station). AOD (right-hand axis).

Fig. 10. EUMETSAT MSG RGB. Dust appears pink or magenta. Dry land looks from pale
Fig. 8. AOD at 550nm. blue (daytime) to pale green (nighttime). Thick, high-level clouds have red-brown tones and
2014-04-04-12:00h thin high-level clouds appear very dark.

Fig. 6. Cloud cover.
2014-04-04-12:00h

Ice-nucleation, cloud formation.

On 4 April 4th 2014, clouds covered central Europe (Fig. 5) however NWP models G L Go@e8lig¥such amount of clouds (Fig. 6) implying a
Fig. 4. SW radiation at the significant overestimation of incoming radiation (Fig. 7). | | - |

ground evaluated against NMMB/BSC-CTM model properly reproduced the dust event (Fig. 8), however the model G L GfQd] &viy significant impact upon the
BS_RN measurements (Ief.t-hand iIncoming SW (Fig. 9).

axis). AOD (right-hand axis). Fig. 10 shows that the clouds observed in Fig. 5 are thin high-level clouds. The presence of mineral dust at high altitude during this

Austria (son) (top-panel); ) _ ) _ ) _ _ )
Estonia (tor) (bottom-panel). period can suggest the formation of clouds due to the presence of mineral dust (ice-nucleation implementation; on-going work).

Conclusions On-going work

The highest priority for energy network operatorsis the balancebetween energy demand and supply Before the T Perform a climatologicalassessmento identify a statistically representativegroup of mineral dust episodesaffecting
Introduction of renewable energies,demand was matched with baseload power plants (coal and nuclear) and central Europeto: 1) Analyzetheir impact on solar power generation 2) Identify major weather events 3) Analyze
generatingplantsthat canbe scheduledusuallyhydroelectricandfossitbasedpeakload power plants Thislandscape aerosoticloud formation.; 4) Deposition

hasbeenchangingapidlywith the integrationof renewableenergiesnto the energymix overrecentyears t Implementationandevaluationof indirectradiativeeffects

Solarpower forecastingpreventsenergylossand improvesthe managemenbf solarplants In generalterms, current
NWPmodelsR 2 yu€eibnline predicted mineral aerosolconcentrationfor radiation calculations Central Europeis
periodicallyaffected by mineral dust intrusions, mainly in spring Under these conditions, it is crucialto accurately
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T Integrationof anthropogenicemissionsources

TheNMMB/BSE&CTMhasprovedto be a usefultool to predictmineraldust outbreaks

T significantreductionof incomingSWunder strongdust plumes
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