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7 Why solar resource assessment ?
7 Characteristics of solar irradiation data
7 DLR solar resource assessment:

— ground measurements

— satellite data

7 How to get bankable meteo data?

7 Summary

Deutsches Zentrum

DLR fir Luft- und Raumfahrt e V.

in der Helmholtz-Gemeinschaft

Slide 2 > Solar resource assessment at DLR



Why is exact knowledge of the solar resource
So important?

7 High impact of the annual 50 MW Parabolic Trough solar thermal power plant
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Characteristics of solar irradiation data

What kind of irradiation data is needed?

7 Type:
—Z DNI (Direct-Normal Irradiation)
7 GHI (Global-Horizontal Irradiation)
7 DHI (Diffus-Horizontal Irradiation)

=7 Source:
7 ground measurements
7 satellite data

7 Properties of irradiation:
7 spatial variability
=7 inter annual variability
7 long-term drifts
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Ground measurements vs. satellite derived data

Ground measurements Satellite data

Advantages Advantages

+ high accuracy (depending on sensors) + spatial resolution

+ high time resolution + long-term data (more than 20 years)

+ effectively no failures

0 + Nno soiling
+ NO ground site necessary

+ low costs
Disadvantages
- high costs for installation and O&M Disadvantages
- soiling of the sensors - lower time resolution
- sometimes sensor failure - low accuracy in particular at high time
- no possibility to gain data of the past resolution
ﬁ for Lt und Raumfahrt e Side 5 > Solar resource assessment at DLR
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Inter annual variability

7 Strong inter annual and regional 7 2 gy __ 1999
variations w deviation
S Jae to mean

Yearly sums of direct normal irradiance (DMI) in KWhim? (5- years average baged 1999 to 2003)

2000 -308

0  kWh/m2a

2001 88

Average of the direct normal
irradiance from 1999-2003

2003
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Long-term variability of solar irradiance

7 7 to 10 years of measurement to get long-term mean within 5%

Max and Min Deviations of Potsdam GHI Data

. If you have only one year of
measured data, banks have to
assume, that this it is here

Mean annual sum: 1017 kWWhfa

158% o

10%

5% -

0%

-5094

Min and Max Deviations of the annual sums
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Mumber of averaged years
Datasource: DWD GHI Data from 1937 to 2003,
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Time series of annual direct normal irradiance
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How to get bankable Meteo Data?

7 Quality checked ground 7 Derivation of irradiation from satellite
measurements to gain data to get
highly accurate data = spatial distribution and

= |ong-term time series

Y @

Validation of the satellite data with accurate
ground data

Result: accurate hourly time series, irradiation maps and long-term annual mean
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Instrumentation for unattended abroad sites:
Rotating Shadowband Pyranometer (RSP)

Sensor: Si photodiode

Advantages:

+ fairly acquisition costs

+ small maintenance costs

+ low susceptibility for soiling
+ low power supply

Disadvantage:

diffus

R ool - special correction for good accuracy
Global Horizontal Irradiation (GHI) necessary (established by DLR)
measurement
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Ground measurements

Thermal sensors:

pyranometer and pyrheliometer,
precise 2-axis tracking

Advantage:
+ high accuracy

+ separate GHI, DNI and DHI sensors
(cross-check through redundant measurements)

Disadvantages:

- high acquisition and O&M costs
- high susceptibility for soiling

- high power supply

Slide 11 > Solar resource assessment at DLR
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Meteosat Prime
7 SOLEMI is a service for high resolution and high quality data
7 Coverage: Meteosat Prime up to 22 years, Meteosat East 10 years (in 2008)

# Deutsches Zentrum
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Direct Normal Irradiation
(W/m?2)

Radiative Transfer in the Atmosphere
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— Extraterrestrial

— 02 and CO2

— Ozone

— Rayleigh
Water Vapor
— Aerosol

— Clouds

00:00

02:00
04:00 -
06:00 -
16:00
18:00 -
20:00 -
22:00 -
00:00 -

Satellite data
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How two derive irradiance data from satellites

7 The Meteosat
satellite i1s located in
a geostationary orbit

7 The satellite scans
the earth line by line
every half hour
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How two derive irradiance data from satellites

7 The Meteosat
satellite i1s located in
a geostationary orbit

7 The satellite scans
the earth line by line
every half hour

—~Z The earth is scanned
in the visible ...
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How two derive irradiance data from satellites

7 The Meteosat
satellite i1s located in
a geostationary orbit

7 The satellite scans
the earth line by line
every half hour

7 The earth is scanned
in the visible and
infra red spectrum
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How two derive irradiance data from satellites

7 The Meteosat
satellite is located In
a geostationary orbit

7 The satellite scans
the earth line by line
every half hour

7 The earth is scanned
in the visible and
infra red spectrum

7 A cloud index is
composed from the
two channels
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How two derive irradiance data from satellites

—Z Atmospheric
transmission is
calculated from
global data sets

7 elevation
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How two derive irradiance data from satellites

—Z Atmospheric
transmission is
calculated from
global data sets

7 elevation
7 0zone

Slide 19 > Solar resource assessment at DLR
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How two derive irradiance data from satellites

—Z Atmospheric
transmission is
calculated from
global data sets

7 elevation
7 0zone

—Z water vapor
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How two derive irradiance data from satellites

—Z Atmospheric
transmission is
calculated from
global data sets

7 elevation

7 0z0nhe
—~ water vapor
7 aerosols
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How two derive irradiance data from satellites

—Z Atmospheric
transmission is
calculated from
global data sets

7 elevation
7 0zone

—~Z water vapor
7 aerosols

=7 The cloud index is
added for cloud
transmission
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How two derive irradiance data from satellites

—Z Atmospheric
transmission is
calculated from
global data sets

7 elevation
7 0zone

—~Z water vapor
7 aerosols

=7 The cloud index is
added for cloud
transmission

7 All components are
cut out to the region
of interest
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—~ Finally the irradiance
Is calculated for
every hour
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Example for hourly time series
for Plataforma Solar de Almeria (Spain)

1200
——ground
1000 PR 9 —x—satellite
800
£ 600
=
400 , “
A
|
200 ﬁ ‘
0 | / A
13 14 15 16 17 18
day in march, 2001
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Comparing ground and satellite data: time scales

3 8.85" | E88T: WEDES

12:45 13:00 13:15 13:30 13:45 14:00 14:15

m Hourly average ® Meteosat image m Measurement

— Ground measurements are typically
pin point measurements which are
temporally integrated

_ o 7 Satellite measurements are
Hi-res satellite pixel in Europe instantaneous spatial averages

7 Hourly values are calculated from
temporal and spatial averaging

4 (cloud movement)
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solar thermal ===

power plant
(200MW = 2x2
km?2

T~

satellite pixg
(~ 3x4 km?2)

1%

/—+—
ground /

measurement
instrument
(~2x2 cm?)
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general difficulties: point versus area and

time integrated versus area integrated
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general difficulties: point versus area and
time integrated versus area integrated

—x—ground
—x— satellite
800 +
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Validation in Tabouk, Saudi Arabia

Tabouk 2000

MBE = 0.2%
RMSE = 26.6%
R =0.889

N = 4326

y = 0.869x + 74

1000

800 -

600

400 |-

DNI satellite (W/m?)

200 £ "

0 200 400 600
DNI ground (W/m?)

All Sky
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DNI satellite (W/m?)

1000
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200

Validation of the data

Tabouk 2000

MBE = 3.3%
RMSE = 17.2%
R = 0.974
N = 2673
y = 0.929x + 26

200 400 600
DNI ground (W/m?)

Clear sky only

1000
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Validation results

hour 3-hour day week month year
50%
RMSE (Root Mean Square Error)
¥
40% 4

Decreasing deviation between
ground and satellite derived 30% :

data with increasing duration £
. . . [%]
of the integration time Z 20% -
10% -
OOA) T T T
1 10 100 1000 10000
log (t)
Bias Site bias
Measurement Network Saudi Arabia +4.3%
Variing within different sites Several Sites in Spain -6.4% to +0.7%
Morocco -2.0%
Algeria -4.8%
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Validation of the data

hourly monthly mean (DNI_ground) in Wh/m?, Solar Village 2000

Dec
Nov
Oct
Sep
Aug
Jul
Jun
Mai
Apr
Mar
Feb

Jan

9 10 11 12 13 14 1§ 16 17 18 19 20 21 22 23 24

hourly monthly mean (DNI_satellite) in Wh/m2, Solar Village 2000

Dec
Nov
Oct
Sep
Aug
Jul

Jun

Monthly ground and satellite derived irradiation data

@900-1000
@B800-900
o 700-800
o 600-700
0O 500-600
0400-500
0 300-400
@ 200-300
m 100-200

@0-100
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Adjusting Ground and Satellite Data

7 Simple Method: Scaling with the Bias
7 E.g. with a Bias of -5%, every value is multiplied with 1.05
+ Very easy to apply

- Modification of frequency distribution at the extreme end
a factor > 1 may produce unrealistic high values
a factor < 1 may omit high values

7 Suitable for average values
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Adjusting Ground and Satellite Data

—Z Advanced Method: Error analysis and correction functions
7 Analysis of the Deviations:
— At clear sky? (e.g. due to incorrect atmospheric data)
7 During cloud situations? (e.g. incorrect cloud modelling)
—~ Development of a correction function dependent e.g. on the cloud

index.
all N all
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m 8
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Holkenindex ¥IS Heliosat-2

Bias before Correction Bias after

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt e V. Slide 34 > Solar resource assessment at DLR

in der Helmholtz-Gemeinschaft



Summary

7 Ground measurements are accurate but expensive and in suitable regions

mostly rare (especially DNI)
7 New ground measurements do not deliver time series for the past

—7 Satellite data offers spatial resolution and long-term time series of

more than 20 years into the past

—7 Combination of ground and satellite date yields: irradiation maps,

long term annual means and time series — all with good accuracy

7 Realistic long term meteo data helps to avoid risk surcharges of banks due to

conservative assumptions and increase the financial viability of your project
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Thank you for your attention !
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Satellite data and nearest neighbour stations

e el Qiobal Ine0 Bhes: — B Mol gy |

meaed ghbaliedBec: —s ke Ho2 U.AQm

SR
AT
4%
35%
S0
25%

ezt R btal IBa R UEGT) 2%

e
1074
5%
D%

EFerez ef al., ASRC

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt e V.

in der Helmholtz-Gemeinschaft N Valldatlon Of the data.

Felative FSE (%)
T
Jut ®" -'.': % >
oe? . T
LA
= Ll RN 3
.t 5"‘ +
B

satdllite confidence level -- simple rodel
{acwudmfwfmm&maﬁ:h ancd aciar gpormetny)

+ Mortheastern LIS

? NggetEFect

120

5 Syitzedand

2010 240
Distarce fom Staton )

—7 Satellite derived
data fit better to a
selected site than

ground
measurements
from a site
farther than
25 km away.

300

Slide 38 > Solar resource assessment at DLR



~ .

Derivation of the Cloud-Index from satellite images

VIS-channel IR-channel
___(0.5-0.9um)
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Derived cloud
¥ information
(Cloud-Index)
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Time series of direct normal irradiance
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