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Why PVRDADAR? Example: Fit the HSU model to a measurement dataset and
v Build custom digital twins based on your data. use it to estimate grid-level energy losses.

v" Predict losses and ensure top performance.

Start by defining your model as a simple Python function in a jupyter notebook.

v" Open source. Local execution. Full control.

1 from pvradar.sdk import R, PvradarSite, resource_plot, resource_type, make_tracker_design, make_fixed_design, for_resource

v/ b6ds Python

@resource._type(R.soiling loss_factor(set_unit='fraction')) “— Define the resource type of the result of your model and specify its
def my_soiling_model( . .
unit so it can be correctly processed downstream.

pm2_5: Annotated[pd.Series, R.pm2_5_volume_concentration(to_unit="g/m~3', to_freq="h")],
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4 pmle: Annotated[pd.Series, R.pml@_volume_concentration(to_unit="g/m~3', to_fregq='h')],

5 rainfall: Annotated[pd.Series, R.rainfall(to_unit='mm’, to_freq='h")], Use the R-notation to describe the required inputs in the function
6
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tilt_angle: Annotated[pd.Series, R.surface_tilt_angle], . . . . . . . .
daily cleaning_threshold: Annotated[float, Field(ge=1., lt=10)] = 1, header — typically time-series data — including their units and time

pm2_5_depo_veloc: Annotated[float, Field(gt=0.0001)] = ©.6009,

® e e
B u I I d t h e a p p I I cat I O n yo u n e e d ! 9 pm1e_depo_veloc: Annotated[float, Field(gt=e.001)] = @.0e4, ‘  resolution.
106 ) -> pd.Series:

11 depo_veloc = {'2_5': pm2_5_depo_veloc, '18': pm1e_depo_veloc} Declare model parameters and set their bounds for optimization.
= Combine leIb, our and your own mOdE|S, as well as o | e Use the function body to define your model — either based on pvlib
. . 15 cleaning_threshold=daily_cleaning_threshold, t | f t h
measured data to create custom model chains tailored to e curface Lt-tilt angle, of CMHTElY TTOM SErate
17 pm2_5=pm2_5,
your need. ' ai T, : O The package includes built-in wrappers for all pvlib
20 s WA I ="  models, making them easy to use. PVRADAR Labs also
: : - ; . . ff dditional libraries for cleani timization,
= Absolute transparency — everything is open-source, runs e e e gati;srj m;;:;ig'a;a;::stx g:c;rl'gporsémlsza ion

locally, and you always know exactly where each result

comes from.
Run your model for any location worldwide — PVRADAR automatically imports or calculates the required

inputs, so you don’t have to worry about sourcing or formatting data.

=  Optimize model parameters to match your data and

Maximize accuracy. boste s Puradarsite(iocationm (6 T, [949%), dmtervalsiacesmianas. aeesiady The modeling context—site—is an object that contains information
site.design = make_fixed_design(tilt=38)
3 ( about its location and modeling interval. It manages all data imports
4 default_estimate = site.run(my_soiling_model, .
5 rainfall=my_rainfall_measurement, from preferred sources or runs models to generate the required
6 label="default"') .
v 655 Python Inputs.

Se a m I e SS d ata i nteg rat i o n Optimize model parameters to fit your measurements: gcsc:r:naelzguizggiﬁ model parameters to match a target output, such

opt_parameters = site.optimize( '

. 113 ~—~ If you don't have the right validation data, we can help.
m 2 my_soliling_model, - -
Access data from E RAS’ ME RRAZ’ N OAA’ MO DIS’ and r | e et Q For soiling alone, our measurement database already
more with a Sing|e line of code. Slmply SpeCify your 0 ) o e includes over 100 measurements from locations
g 1;;“ i o around the world.

preferred format, unit, and time resolution.

{'daily_cleaning_threshold': 1.3812720389595023, 'pm2_5_depo_veloc': ©.000100808000000000002, 'pmle_depo_veloc': ©.022269865761564996}

1 optimized estimate = site.run(my_soiling_model, vﬁ;o?r?:a‘::c::segfoarEE:Ef::Ic;;tuse
1 site.resource(R.pml®_volume_concentration(to_unit='g/m~3"', datasource='merra2')) 2 rainfall=my_rainfall measurement, **opt_parameters, o e - —
- - - 3 label="optimized")
Python 4 P
5 resource_plot(my_soiling measurement, my_rainfall_measurement, default_estimate, optimized_estimate) A/___.__———
v 1.9s Python —
° sky—.diﬁl'.'se—poa—on:frqnt diffuse_horizontal_irradiance
" Integrate your internal SCADA or sensor data, or your il [ e
. . . . mean soiling loss factor in fraction \ — S
preferred third-party data, with ease — nothing is shared — sling (mess.) / —_— \
’ ’ —— default | vgis_global_horizontal irradianc
d tain control at all ti — o I \
an you re aln Con ro a a ImeS. ——— rainfall (meas.) | - extraterrestrial_radiation

pvlib_irradiance_get_extra_radiation \

— \
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surface_tilt_angle
f , pvlib_surface_tilt_angle
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" Freely declare what resources you need — required
upstream models are automatically executed.

solar_zenith_angle
apparent: False
pvlib_solar_zenith_angle

100 mm
a . direct_normal_irradiance
@ PVRADAR Python Packa... / [ET Resource DB | , pvlib_irradiance_dirint
’l’/ - direct_poa_on_front !
group resource type unit aggregation_type datasources model 50 mm pvlib_irradiance_beam_component M
irradiance surface_azimuth_angle deg instantaneous pvlib \ \

. . . surface_azimuth_angle
irradiance surface_tilt_angle deg instantaneous pvlib 0 mma MA A A . Al o AA AA A A oA A AA A T pvub_surface_azfmuth_gngle
irradiance tracker_rotation_angle deg instantaneous pvlib Jan 2009 Mar 2009 May 2009 Jul 2009 Sep 2009 Nov 2009 T /
economics £l energy sales price currency/MWh instantaneous e pm2_Z;:g;gm-igf:;neifgztratlon ] 7 -

erra2_pm2_5_volume_concentratio

economics £ revenue currency cumulative . . . S B :/

You can always generate a flowchart to visualize exactly how a result is calculated. / ,.
meteo air_density kg/m~3 instantaneous merraz2 | A

!
meteo ¢ air_temperature degC instantaneous merraz . . o o / "hl\
1 with site.hooks(for_resource(R.soiling_loss_factor).use_model(my_soiling_model, **opt_parameters)): i i (o (e /
meteo particle_volume_concentration kg/mA3 instantaneous merra2 2 site.profile(R.grid_energy).display_ flowchart(show_model name=True, renderer='kroki_svg') daily_cleaning_threshold: 1.3012 / /
. : v/ 23 Pvth — pm2_5_depo_veloc: 0.0001 pm10_volume_concentration
meteo pm2_5_volume_concentration kg/m~3 instantaneous merra2 22 ython / pm10_depo_veloc: 0.0223 datasource: merra2 /\,]
my_soiling_model erra2_pm10_volume_concentratio
meteo pm10_volume_concentration kg/mA3 instantaneous merra2 effective_poa \
meteo relative_humidity % instantaneous merraZ2 / pvradar_effective_poa \
meteo wind_speed m/s instantaneous pvgis merra2 . . inverter_power dc_power / \ / /
pvradar gr?dnde_n‘:?:yrgg'om power [* %rld_powler T viib transfo::'n_epro:rn‘:r le efficienc reference_inverter_efficiency: 0.9637 reference_temperature: 25.0
precipitation rainfall mm cumulative merra2  noaa = - pvradar_simpte_gn PVAID_ =l y pvlib_inverter_pvwatts pvlib_pvsystesm_pvwatts_dc .
cell_temperature rainfall
aemet-grid  erab \ pvsyst_temp_param_u_c: 29 datasource: merra2
pvsyst_temp_param_u_v: 0 air temperature merra2_rainfall
precipitation snow_density kg/m~3 instantaneous era5 ppv\fsy;stt_tteer:npp_n;ﬁiu;ea_l;e):(fji::;iir:)?:00.91 data_sourcF;: merra2
e = L s erra2_air_temperature snow_loss_factor =
precipitation snow_depth mm instantaneous merra2  erab pvlib_temperature_pvsyst_cell S freq: 1h T
— . no_snow_losses
precipitation snowfall mm cumulative merra2  erab l\\
\l
solar_azimuth_angle
pvlib_solar_azimuth_angle

losses "\ reflection loss_factor fraction instantaneous pvlib \
| hat fracti i lib e e i
e oo e B o | Apply the optimized model to calculate energy losses for a nearby PV power plant. — e reflection loss_factor
losses "\ snow loss factor fraction instantaneous no_loss pvlib pvgis_wind_speed phy;icsai::_aila?;,_-,::pg:?() a_ngle_of_inc?de_nce
losses "\ soiling_loss_factor fraction instantaneous no_loss pvlib . . . ) . . phﬂsi:al_ia_m_L?[}:[}[}z Al i Dl e
PVRADAR 1 project = PvradarSite(location=(36.715, -4.492), interval='2021..2022") pvlib_iam_physical -
2 project.design = make_tracker_design(max_tracking_angle=66, night_stow_angle=15, dc_ac_ratio=1.2)
3 solar_zenith_angle
Excerpt from the Resource DB — available on pvradar.com — which clearly defines every © eLTTCL S I (o T T T R BT e IS T S vl poar, zenith. angle
available resource type, its default unit, aggregation type, available data sources, and 6 with project.hooks(for_resource(R.soiling_loss_factor).use_model(my_soiling_model, **opt_parameters)): Use hooks to customize the model chain: any node can be
. . 7 id_ _with_soiling = ject. (R.grid_ (to_unit='Mwh', to_freg='D'), label='with soiling') .
models. PVRADAR is constantly adding new resource types and data sources. o EUSTTSTEIERsoRiAne T pregReh resenes i e ey e = R e replaced by a model, a measurement or a data-import from
9 resource_plot(grid_energy_without_soiling, grid_energy_with_soiling) h your preferred data source.
v/ 20s Python

total daily grid energy in MWh Other use-cases:

° A
Sta rt u S I n g fo r fre e 800 Mw: | | ki "I. “] \ i '-‘-ﬁ. - t:::::osfnf:;mg Q = Quantify tracking losses: Replace the tracking angle model

: with measured tracker angles.

= jnstall with: pj_p install pvr\adap_sdk 400 MWh - | = Compare irradiance datasets: Swap between satellite and

200 MWh ground-station data.

600 MWh

0 MWh

O API keys for data adCcess are ava||ab|e oNn our we bSite. Jan 2021 Apr 2021 Jul 2021 Oct 2021 Jan 2022 Apr 2022 Jul 2022 Oct 2022 = Estimate sub-hourly clipping losses: Run the model chain in

hourly and minute-level resolution.

* Contact us for a demo and to learn more. ...and countless other scenarios

2025 PVPMC Workshop, PVRADAR Labs GmbH, Dieding 1, 85560 Ebersberg, Germany
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