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GETTING RENEWABLE ENERGY TO WORK

_ AAvailable Resources
Resource mapping Solar irradiation is the Aueliiof solar power plants

ATechnical and economic potentials

Potentials Which technologies are feasible?

APossible capacity development

How can they contribute to the

national energy system?

AMarket introduction

How to get them into the market?
Where to start?

APolitical and financial instruments
Legislation, incentives

Strategies

Instruments

YIoMaweld d1Wou0dg + [edI|od

APrivate investments

y

Private investors need
resource data for
iInvestments

-
NA2012A.0020 e FSPE‘?E‘"SES PreFeasibility Study for the Establishment of a-B@mmercial Concentrated Solar Power Plant in Namibi



PROJECT DEVELOPMEDHRENEWABIHENERGSYSTEMS

Resources .;. _ | 7 Finding suitable sites

- =™ U=

(Atlas) | - " with high resolution maps
and economic evaluations

Project development

Resources
(time series)

7 Detailed engineering
with site specific data
with high temporal
resolution as input to
simulation software

Engineering
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PATH OF SOLAR RADIATION THROUGH THE ATMOSPHERE

Radiation at the top of atmosphere

Absorption (ca. 1%)

Z/ Y o =, Ozoneeee.

Air molecules. Rayleigh scattering and absorption (ca. 15%)

Aerosolé é . é é é e .

Cloudse é e é. ééeé

Water Vaporé ¢ . é é .

Direct Normal Irradiance (DNI) at ground Source: DLR
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INFLUENCE OF AIR MASS ON IRRADIATION

AM = 0 (outside of atmosphere)

top of
atmosphere

earth surface

Source: DLR
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RADIATIVE TRANSHFRRUGHHE ATMOSPHERE
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CHARACTERISTICS OF SOLAR IRRADIATION DATA

A Component
I DNI DirectNormal Irradiation)
i DHI (DiffusHorizontal Irradiation)

I GHI (GlobaHorizontal Irradiation)

A Source:
I groundmeasurements
A precisethermal sensorsthermopiles
A RotatingShadowband Irradiometers
I satellitedata

A Propertiesof irradiation:
I spatialvariability
I inter-annualvariability
I longterm drifts
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DIREC DIFFUSENDGLOBAIRRADIANCE

When measuring solar irradiance,

the following components are of

particularinterest: Zenith anglé |
solarelevationd

A Direct normal irradiance (DNI) senith

(also: beam irradiance)

Sun

A Diffuse horizontal irradiance (DHI)

(also: diffuse sky radiation) 0 A

A Global horizontal irradiance (GHI) 9

horizontal surface

(also: total solar irradiance) Ay

GHI=DHI+DNI* sin ©)
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INTERANNUAIVARIABILITY

£ = 1999

Yearly sums of direct normal irradiance (DNI) in kWhim? (5- years average based 1999 to 2003) 0

deviation to
mean
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Average of the Direct Normal Irradiance
from 1999-2003

Strong inter-annual and regional variations

2003
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LONGTERM VARIABILITY OF SOLAR IRRADIANCE
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Source: German Weather Service (DWD) / Volker Quaschning
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LONGTERM VARIABILITY OF SOLAR IRRADIANCE
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7/ to 10 years of measurement to get long-term mean within 5%
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COMPARING SOLAR IRRADIADAON FROM DIFFERENT SOURCES

Several sources for solar resource data available:

A different originesof data:
satellitedataor groundmeasurements
differing sensorsand measuremenimethods

coveringdifferent periods
different access mechanism and data format
different and unknown data quality and accuracy
Results are difficult to compare

v v v D

There is a number of data

sources, but this creates

uncertainty of the results,
especially as they usually

do not coincide LR ——— .

£ 3TIER - SOlgp
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http://www.3tier.com/

UNCERTAINDFSATELLITEERIVEBNNUAL DNI

Direct Normal Irradiance, DNI Bias Root Mean Square Deviation, RMSD
[W/m7 [%] hourly daily monthly
[*e] [%] [%]
Aggeneis (South Africa) -24.7 3.7 18.3 115 5.2
De Aar (South Africa) 6.0 1.0 16.8 9.9 2.4
Sede Boger (Israel) -34.1 -5.5 23.9 16.0 6.4
Paulputs (South Africa) -53.6 18.0 12 4
Sonbesie (South Africa) -33.6 6.4 20.1 12.1 7.8
Upington (South Africa) -40.6 6.0 19.7 12 4 7.8
Durban (South Africa) -22.4 5.8 32.2 20.3 8.0
Tamanrasset (Algeria) 24 5 3.9 21.6 16.4 5.6

Source: GeoModel

Generally a bias of <10 % is stated for satellite DNI,
In single cases deviations of 20 % and more were found!

What if my prospected plant is affected?
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IMPACTOFSOLARESOURQENCERTAINDON PLANRENTABILITY

e.g.RLO% expected long-term value (100%
.J. 0

Earnings
Losses

Annual

Annual DNI Electricity expenses

production

(redemption,
O&M, e

With thoroughly performed measurements on ground
an accuracy of approximately 2 % is achievable
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GROUND MEASUREMENTS VS. SATELLITE DERIVED DATA

Groundmeasurements Satellite data
Advantages Advantages
+ highaccuracy + spatial resolution
(dependingon sensorsand maintenancg n Iontherm data(more than 20 years)
+ high timeresolution + effectively no failures
+ no soiling
+ no ground site necessary
+ low costs
Disadvantages Disadvantages
- highcostsfor installationand O&M - lower time resolution
- soilingof the sensors - low accuracy at high time resolution

possiblesensorfailures
no possibilityto gaindataof the past
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GENERARPROCEDURE SOLARESOURMGESSESSMENT

Irradiation map: spatial distribution Geographical data: land use, etc.

lGIS analysis

Selection of promising sites

Y/

<

- Meteorological Station:
~stment Accurate irradiation data

1-Dec 3-Dec s-Dec 7-Dec 9-Dec  11-Dec 13-Dec 15-Dec

Long-term time series
(>10 years) \

Plant design, inter-annual variability,
uncertainty analysis, financing, ¢
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OBJECTIVES FOR MEASUREMENTS ON GROUND

1. SolarResourceAssessment:
usuallyvalidation of satellite datavia precise measurements on ground

with an accuracy of 1 to 2 %

- cOmparison with satellite data for lortgrm analysis,

determination of the expectablsolar resource

2. Monitoring of operationalpower plants evaluation of efficiency

(other conditions and requirements on the performance of measurements)
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INSTRUMENTEORMEASUREMENT OF IRRADIANCE

w Silicon photodiode:
Rotating Shadowbandirradiometer(RSI)
or
Rotating ShadowbandPyranometer (RSP)
or
Rotating ShadowbandRadiometer (RSR)

StationcostsY M oc\H/p AYm n n

» Thermopile Sensors:
pyrheliometer and
pyranometer,
solar tracker with shadingssembly,
ventilation

Stationcosts: 356066 6 AUSM
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