%% CREST

1G-
UNIVERSITY MAXIMILIANS- ‘ B Loughborough

R UNIVERSITAT Meteorologisches Institut .
UNICH MUNCHEN I I e S e UanCrSlty

T e SIEMENS

universitdt|OLDENBURG

SYSTEMATIC ANALYSIS OF METEOROLOGICAL
IRRADIATION EFFECTS ‘

MIKE ZEHNER® - MATTHIAS HARTMANN?® - JOSEF WEIZENBECK' - THORSTEN GRATZL! - TONI WEIGL® - BERNF

ORG WIRTH'
MICHAL KRAWCZYNSKI3 - THOMAS BETTS3 - RALPH GOTTSCHALG3 - ANNETTE HAMMER*% - BODO GIESLER? - |

IVER MAYER ©

irra-
ables
em per-
e problems It is impossible to fi
cation of cumulus c
formation can be
lead to reflectio .
effects. Typical ir
racteristics conce

hancements cg

 libRadtran
caused by re-
MeEe tS). CU'

ol .
altitudes
ses.

Cloud En

A
all

27 July o9:

27 July o9:
Clear sky

Clear sky
T T

mod? "a

8 July 09:
Cloudy day

G hor in W/m?

8 July 09:
Cloudy day
T ,T

mod? ‘a

Cell temperature in °C

15:00 18:00

Too 500 o] 1000

Local Time Irradiation in W/m?

Figure 1: The chart depicts daily insolation values on a clear (red) and cloudy

(blue) day. Measurements were taken at the horizontal using the CMP 21
from Kipp & Zonen.
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Figure 4: The black curve illustrates the daily profile of the global irradiation
on the 30" of May 2009. Given in light grey (light blue) is the computed (rec-
tified) profile of the clear-sky day. The corrected clear-sky profile is also en-
velope for the direct radiation fraction (dark blue). The peaks of the cloud
enhancement incidents become visibly in the measured values of the dif-
fuse radiation (red).
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Figure 7: Comparison of the energy vield classified according to time periods
at multiple locations. If available, data of the years 2008 and 2009 was taken.
Other than the coastal Oldenburg, Munich benefits from lower wind speeds,
resulting in more incidents lasting longer than 300 sec. In Germany there
seems to be a gradient from south to north, resulting in fewer long-lasting
cloud enhancement effects in the north due to several reasons including dif-
ferent wind speeds.
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Figure 2: Module temperatures corresponding to the daily energy vield profile
as in figure 1. The lighter shades of each colour represent ambient air tem-
perature values. These were recorded using well ventilated air temperature
sensors from Thies Klima. Module temperatures were determined by using
reference modules containing PT100 sensors.
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Figure 5: Insolation values above 900 W/m? (derived from figure 1), classified
according to time period, frequency (blue, y-axis) and energy vield (red, y2-
axis). The light and the dark colours represent values for the years 2008 and
2009 respectively.
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Figure 8: Using the AgroSpec (by tec5) the spectrum from 305 nm to 1640 nm
was captured during an exemplary cloud enhancement incident. The first
measurement (yellow) shows clear sky conditions, the last measurement
(red) was taken with the sun being covered by a cloud. The colour gradient
represents several snapshots that were sequentially taken in between. As
the cloud draws nearer to the sun especially the short-wave part of the spec-

trum starts to rise (orange).
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Figure 3: After a linear correlation between irradiation and module tempera-
ture, the curve of the module temperature above about 900 W/m? declines
and even slightly decreases while irradiation continues to rise. This is due to
the short intensive input of the cloud enhancement effect and the inert
thermal mass of the modules.
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Figure 6: The isolines show the calculated daily irradiation values of a clear
day in 2009. The incidents where the irradiation values lie above 900 W/m? are
in red and are mapped against the time of day.
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Figure 9: The graph displays the same data as figure 8, this time in relation to
clear sky conditions and with constant time intervals. It shows that the peaks
caused by cloud enhancement incidents mainly affect the short-wave range
of the spectrum whereas the impact on wavelengths greater than 900 nm is
rather weak.
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