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Short-term Horizontal Irradiance forecasting with PV network
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Objective Set up

» In situ determination of cloud transit * 169 Rooftop PV-systems (< 5 kW) covering
time lag on reconstructed Global approx. 1600 km2.
Horizontal Irradiance (GHI) and the use
of this time lag for short-term irradiance . AC Power Output measurements of 0.7 W
forecasting. and 2 sec resolution; 15 sec. interpolation

used for GHI reconstruction (inverse PV-

 Forecast horizon 0 ~ 15 min. at model).
resolution of input data: 15 sec.

Selection Found T's for 11:44 — 12:05

)

Example data from a distinct 0. | o 7.0 14/ 21 |mm
cloud system moving over
Utrecht on 12-01-2014.

For a target location, the
time lag is determined with
respect to all the other locations.
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Selection of t's with high quality
factor, e.g. Q = 0.75

3D plot stai h sh Longitude (E)
p Ot Staircase grap SNOWS Size of the disk indicates the time lag of that

wind direction. Wind speed Can location with respect to the target location (yellow
be deduced from this as well cross). The color indicates the quality. GHI time

series method was used here.
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Forecasting Algorithm

Select B .
Observation Window LDHQItUdE {E}
Ty, starting att

Only locations with a sufficient quality factor are
l used. In the final selection round, systems too

---------- close (e.g. 900 m) to the target location are

for each j dismissed. ¢

Calculate
Y; j (8¢, k)
for each 6t € |T;|

|

Select first minimum
Y; (6t k)
Ti,j = 5t*

Quality of minimum
sufficient?
QT(i,j) 2 ch

Yes:
keep location j

Latitude (N)

Shift Time Series Forecast Horizon
S](t) = GHI](t + Ti,j) TF = {t, ey min(ri,j,j)}
‘1’ o1 8 4.8 5.0 3
GHI Forecast for Target Location i: LDI'IgitLIdE {E}

1
GHL(®) ‘stf'(t) fort € Tr Time series for the found locations are used for

the forecast of the target location (yellow)
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Part of the project: Solar Forecasting & Smart Grids: aimed at improving the hosting capacity for PV in the Dutch LV/MV
grid. Partly funded by RVO TKI: Switch2smartgrids

Thanks to the contributing PV-owners in Utrecht, Amersfoort, Houten, Zeist, Ronde Venen and the other villages, Bedankt!
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Irradiance time series at two locations Overlap function vs Relative shift
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Method

The minimum of the absolute overlap between two GHI or AGHI time series,
dependent on relative temporal shift §t in observation window T}, see [1]:

VP (6t k) o< ) [()GHI(6) - (A)GHI (¢ — 51)]

teTy

7\ = min (Yl@].“) (5t k), 5t)

Similarity of time series of locations i and j does not need to be perfect: this
method allows for changing cloud structure or velocity, albeit modestly. The
minimum of the overlap determines the time lag. Other characterization functions
Y;; may be used, e.g. covariance [2].

A found time lag 7t has a quality factor 0 < Q <1, determined by the relative
depth of the found minimum:

(A)

S
ij, (A)
mean YU v

(A)GHI time series of peripheral locations with sufficient high quality factors (Q)
are then shifted by their respective time lag (r) with respect to the target
location. The sum of the shifted time series is then the forecast for the target
location, assuming constant cloud speed and direction.

This method can also be applied to spatially interpolated data to forecast for PV-
systems that are not monitored.

Four successive forecasts shown. GHI time series of target location is shown in the future for reference.
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