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INTRODUCTION AND TECHNOLOGY OUTLINE (I/III) 

ÅConcentrating solar power (CSP) collects heat through the use of optical elements that collect 
the irradiance over a large area and focus it onto a smaller image area. This concentrated 
power can then be used by various systems to produce electricity via Solar Thermal systems, 
referred to generically as CSP. 
 
ÅIn general, CSP technologies aim to use optical systems to concentrate direct beam solar 

irradiance (or Direct Normal Irradiance), collect its energy as heat in appropriate fluids and use 
thermodynamic cycles to produce work and so be able to generate electricity. 
 
ÅCSP technologies are eminently compatible with traditional steam turbine based power plants 

and their design. Most of the CSP plants are essentially a conventional thermal power plant 
with a solar field providing the heat input instead of a fossil fuel heat source.  
 
ÅThe first fully commercial CSP plants, the parabolic trough solar energy generating stations 

SEGS I-IX built after SEGS I, from 1981 through 1990. These latter constitute 354MW of natural 
gas backed solar plant that have been in continuous operation since their construction through 
the mid-eighties. The plants have incorporated successive improvements to the trough 
technology and have long been considered the benchmark for parabolic trough performance. 
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INTRODUCTION AND TECHNOLOGY OUTLINE (II/III) 

  

 
 

ÅSolar field 
ÅHeat transfer fluid 

system and heat 
exchangers 
ÅOptional back-up 

parallel boiler or 
storage system 
ÅSteam cycle feeding 

into the turbine 
ÅPower block and 

ancillary wet/dry 
condenser, 
deaerator, 
feedwater and 
pumps 
ÅGrid connection A typical CSP solar plant  
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Main types 

ÅLinear focus systems 
(Parabolic troughs and 
linear Fresnel reflector 
systems) 
ÅPoint focus systems (towers 

and dish systems)  CSP Advantages 

ÅEasy and cost effective 
implementation of thermal 
storage 
ÅEasy combination with 

combustion fuels 
(hybridization) 
ÅSlow response to short-term 

fluctuations of solar 
irradiation due to thermal 
inertia of the system 
ÅUsability for other purposes 

than electricity generation 
(e.g. solar cooling, process 
heat, seawater desalination) 

INTRODUCTION AND TECHNOLOGY OUTLINE (III/III) 
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PARABOLIC TROUGHS (I/III) 

 
 
 

cooling towers or dry air cooled condensers, feedwater pumps and 
deaerator for the steam cycle and a steam drum.  
ÅOptional storage and/or auxiliary gas burners can be used to cover 

transient weather conditions and for production during night time 
or to protect the HTF against freezing. 

ÅThe operating principle of a 
parabolic trough power plant : 
Å Parabolic mirrors track the sun 

about one axis, usually north-
south, and focus its rays, with 
typical concentration factors of 
70-80, onto linear, specially 
coated, heat collecting elements 
(HCE). 
ÅHCE are coated steel pipes with 

a surrounding evacuated glass 
tube that minimizes heat losses 
Å Heat transfer fluid (HTF) is 

circulated through the HCEs to 
carry the heat from the solar 
field to the power block.  
ÅSuperheated steam is used to 

run the turbine. 
ÅThe plant includes conventional 

sub-systems ς the power block 
steam turbine and generator, 
wet 
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ÅSchematic 
diagram of a 
typical parabolic 
trough solar 
power plant  
 
ÅPossible sizes for 

the different 
components 

PARABOLIC TROUGHS (II/III) 
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Some projects that can be considered as milestones in the development and commercial  
adoption of this technology are: 
 
SEGS I-IX, California, USA (completed 1981-1990), 354 MW 
ÅThe SEGS (Solar Electricity Generating System) plants in California were the first 

commercial CSP plants in the world. The largest plants have a capacity of 80 MW. They are 
still operative today, demonstrating the reliability and durability of this technology. 

 
Nevada Solar One, Nevada, USA (completed 2007), 64 MW 
ÅThis plant was the first parabolic trough plant to be built almost two decades after the 

SEGS systems. It comprises a 0.5 hour storage. 
 
Andasol 1, Andalusia, Spain (completed 2008), 50 MW 
ÅAndasol 1 was the first commercial CSP plant in Europe and the first one with a large 

storage for 8 hours of full load operation without sun. 
 
ISCC Morocco, Ain Beni Mathar, Morocco (completed 2011), 470 MW (20 MW solar) 
ÅThis project can be considered the first large scale hybrid power plant, where waste heat 

from a gas fired turbine is combined with heat from a solar field to drive a steam turbine. 

PARABOLIC TROUGHS (III/III) 
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LINEAR FRESNEL REFLECTORS (I/II) 

ÅCan reach solar 
concentrations of 30 ς 100 
suns 
ÅOpen the possibility of using 

simple, non-industry specific, 
commodity materials as 
optical and construction 
elements in CSP plants. 
ÅUse flat rather than curved 

mirrors, low profile 
construction, leading to rapid 
on-site assembly.  
ÅRotating reflectors 
ÅNon-evacuated standard steel 

tubes and are protected by 
plain glass sheets. 
ÅSolutions exist with 

evacuated tubes as well 

ÅCollector frame structures are fixed in place, dispensing with 
high temperature moving joints and implemented direct steam 
generation (DSG i.e. water as HTF) in the receivers 
ÅCost of Fresnel solar fields is cheaper than that of parabolic 

troughs. 
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Commercial LFR have a number of recognised advantages  
ÅCompact footprint,  lowest at ~1.3ha / MW at 35° lat., less closer to the equator. 
ÅSlope requirements, they can accommodate up to ~5° slope. 
ÅMedium to high operating parameters achievable, temp range 270°C to 500°C and pressures 

50 bar to 165 bar suitable for large steam turbines. 
ÅDemonstrated hybridisation with gas  
ÅLow cost, widely available construction materials, potential for high local content 
ÅSimple field assembly 
ÅModularity, from ~10MW to 250MW 
ÅApplications span industrial steam, fuel saver/Booster and standalone power plant 
ÅFinancially Strong companies are backing the technology e.g.  Areva, ABB, JFE 
 
 Main disadvantages of this technology 
ÅLower efficiency, latitude dependence can decrease instantaneous output by 2% to 8%  for 

latitudes 10° to 40°. 
ÅNo demonstrated long term storage 
ÅFew implemented projects 
ÅLack of industry acceptance of the technology and project bankability  

LINEAR FRESNEL REFLECTORS (II/II) 
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ÅPower tower (or central 
receiver) technology, the 
collecting optics are called 
heliostats 
ÅIndividual 2-axis sun 

tracking heliostats 
concentrate direct beam 
sunlight onto an absorber, 
called receiver, which is 
fixed atop a tower. 
ÅPossible to have thermal 

energy storage system 
and/or a fossil fuel firing 
system to enable round-
the-clock operation of the 
plant if required. 
ÅPossibility of very high 

solar concentration ratios 
of up to 1000 suns 

Å Allowing for very high HTF operating temperatures (565 to 
1000°C), depending on which technology is used 
Å Enormous potential for achieving the highest Carnot efficiencies 

among the CSP thermal power plants 

POWER TOWERS (I/II) 
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POWER TOWERS (II/II) 

Requirements  
 
ÅAtmospheric conditions (e.g. amount of particles in air) must be suitable as the 

intensity of scattering of radiation by particles has to be reasonably low. This aspect is 
especially meaningful in comparison to other CSP technologies, because the irradiation 
collected by the heliostats is transferred over distances of up to above 1km through 
the air layer close to the ground which can be containing a lot of dust and other 
particles, thus severely reducing the amount of energy arriving at the receiver. 
ÅThe site should ideally be flat but this is not a prerequisite i.e. a slight slope could be 

tolerated. Until now, all but one power tower plant, the research tower THEMIS in 
France, were erected on relatively flat ground. 
ÅIf a form of wet or hybrid cooling technology is to be used then the plant would have 

to be located near a water source such as a river or a lake which carries or holds 
sufficient amounts of water throughout the year. A high efficiency turbine requires less 
water. 
ÅSocial and environmental concerns/impacts should be properly assessed 
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DISH STIRLING (I/II) 

ÅDish Stirling technology has been developed as 
relatively small power generation systems when 
compared with other CSP technologies 
ÅPower ratings are between 3 to 25 KW though 

recently larger systems are being attempted 
ÅThe system is a stand-alone, which tracks the 

sun in two axes and concentrates the direct 
solar irradiation onto a receiver - at the focal 
point of the paraboloid reflector or dish - where 
an engine using a Stirling cycle converts heat 
into mechanical energy through a piston engine, 
which in turn is transformed into electricity by 
an electrical generator directly connected to the 
ŜƴƎƛƴŜΩǎ crankshaft. 
ÅHighest peak conversion efficiencies of above 

30% solar to electricity and a daily average of up 
to 25 %, however, this record is due to their high 
concentration ratios up to 3000x and high 
working temperatures of above 750ºC plus the 
environmental conditions 

Å Requires a relatively άŎƻƭŘ ǎƛŘŜέ which is 
the case in some deserts with clear skies 
(DNI can be quite high and still due to the 
bright skies the temperature is not high) 
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Key issues for project location and design: 
 

Ratios of land usage 
Å3.5 to 4.1 ha of land per MW. 
Slope and other requirements for suitable land 
ÅSlopes of up to 4%, if they are mounted on a single pole that stands up several meters above the ground, 

then there is no need for such a flat ground as in the case of systems that use a circular tracking ring to 
enable azimuth tracking. 

Water usage 
ÅNo water requirement for cooling the Stirling engine, the only water use for dish engine facilities is for 

washing of mirrors 
Effluents 
ÅNo effluents 
ÅLeakage of working fluids is possible, such as spilling small amounts of engine oil or coolant or gearbox 

grease. 
Design constraints 
ÅLayout of solar field of i.e. distances between dishes is critical as it influences the power output of the 

system and land area requirement; while close packing of dishes, can reduce land requirement, electrical 
cabling losses and cost, the dishes can cast shadow on each other and solar system performance is 
reduced.  

DISH STIRLING (II/II) 
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STORAGE (I/III) 

ÅSolar DNI is intermittent and has daily and seasonal cycles, so solar heat collection from a 
CSP field is necessarily variable and sometimes reaches higher levels than the design 
maximum of the associated power block. 
 
ÅIn a plant without storage, this excess heat, often present around midday and in summer 

periods, cannot be used and is either rejected or clipped before collection (e.g. via mirror 
defocusing). 
 
ÅIf storage is present, this excess heat can be stored and then used effectively to 

supplement the DNI when the latter is either not sufficient to drive the power block alone 
or is non-existent.  
 
ÅMost CSP plants can store heat for short periods due to the bulk of materials used in the 
ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜƛǊ ǊŜŎŜƛǾŜǊǎ ŀƴŘ ŦƛŜƭŘ ǇƛǇƛƴƎΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ǘƘŜƳ ǘƻ άǊƛŘŜ ǘƘǊƻǳƎƘέ ǎƳŀƭƭ 
temporal variations in irradiance, e.g. those due to small cloud passage. This is not 
considered storage, but system inertia.  
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ÅIf the solar field size can 
provide more than the heat 
needed to drive the power 
block at maximum rating 
(solar multiple greater than 
1),  by selecting an operating 
point for the power block at 
100% of its rating, or say 
60% of its rating, electricity 
production can be 
maintained for a number of 
hours beyond sunset or 
through into the evening. 

ÅSolar multiples for CSP 
plants with storage are 
typically greater than 2.  

ÅThis allows extended operation and eventually, 24/7 
operation of the power plant. CSP plant may be 
operated as peaking plant or as base load power plant. 

STORAGE (II/III) 
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Ceramic with air as heat 
transfer fluid 

 
It combines the use of a gas as the heat transfer 
fluid and a ceramic material for heat storage at 
these temperatures. The hot gas, specifically air, 
is blown through an insulated bed of ceramic 
materials (silicate sand or aluminosilicate 
ceramic bricks have been used)  

Sand 
 

Sand is used as heat transfer and storage fluid. In 
this case, the sand is directly irradiated by the solar 
beam as a falling particle curtain inside the 
receiver, and stored for later use. This is under 
research.  

Pipes in solid media + PCM 
 

Comprise three sub-systems operating at low, 
medium and high temperatures respectively. Both 
low and high temperature ranges are provided by, 
for example, pipes-in-concrete subsystems relying 
on sensible heat of the cast concrete. The medium 
temperature subsystem uses latent heat storage in 
a PCM which has a phase change temperature close 
to that of the steam input to the turbine.  

Molten salts 
 

60% sodium nitrate, 40% potassium nitrate  
Indirect two tank molten salt storage system, 
direct two tank storage system. In the latter, 
the molten salt acts as both heat transfer fluid 
and storage medium, while in the former 
molten salts are only used as storage medium. 
Single-tank molten salt system is being 
developed, using thermocline or sharp vertical 
temperature transition from cold to hot.   

Storage 

STORAGE (III/III) 
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HYBRIDIZATION AND AUGMENTATION 

ÅOne of the biggest challenges of concentrating solar power (CSP) is the intermittency 
associated with clouds during the day which can lead to transients. 
 
ÅIt can be mitigated by storage, hybrid system or also called back-up.  

 
ÅAll CSP technologies have the option of hybridization, because heat is what generates 

electricity in: parabolic trough plants, power towers, Linear Fresnel Reflector and dish 
Stirling systems. 
 
ÅThe ease of hybridization for troughs, tower plants and Linear Fresnel Reflector stems 

from the fact that the boiler is an entirely separate component, while for dish Stirling 
systems the hybridization needs to be an integral part of the design, and that has proven 
to be more difficult to design and implement. 
 
ÅHybridization can come with natural gas, biomass and coal, while in the latter case it is 

usually called augmentation. 



NA.2012.A.002.0 Pre-Feasibility Study for the Establishment of a Pre-Commercial Concentrated Solar Power Plant in Namibia 21 

HYBRIDIZATION WITH NATURAL GAS (I/II) 

ÅThe current CSP power plants 
in Spain have an auxiliary 
backup natural gas boiler to 
mitigate the number of 
shutdowns of the turbine as 
well as the intermittency 
associated with the solar 
radiation and consequently the 
steam generation.  
ÅThe use of small amounts of 

gas Backup may be justified by 
the investment in the Balance 
of Plant infrastructure namely 
the turbine 
ÅThe backup via natural gas 

boiler has a relatively low 
investment cost and is mature, 
low risk technology. 

The concept of backup is simply explained in the following diagram 
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ÅThe integration of CSP 
technology with a combined 
cycle power plant is referred 
to as integrated solar 
combined cycle systems 
(ISCCS) 
 
Å Examples of its application 

exist in the world, namely in 
Morocco, Algeria and Egypt 
 
Å The gas turbine generates 

electricity and at the same 
time heat which is coupled 
with the heat from the CSP 
solar field to generate power 
through a steam based 
turbine.  
 

Å The idea is to increase or augment the output of the 
power plant 
ÅThe concept has run into some problems  and is being 

questioned as a viable option. In any case the idea is now 
associated to augmentation and not to hybridization. 

HYBRIDIZATION WITH NATURAL GAS (II/II) 
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HYBRIDIZATION WITH BIOMASS 

ÅMature 
technology 
 
ÅCost of 

hybridization 
is  low ς 
boiler and 
burner 
 
ÅCSP generally 

require a 
considerable 
power rating 
to be 
economically 
viable, so 
boiler is in the 
MW range 

The combination of these two technologies benefits from increased overall 
efficiency of the power plant, reduced number of shutdowns of the turbine 
and reduced investment per unit of power generated compared to CSP with 
molten salts heat storage, for example 
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COAL AUGMENTATION (I/II) 

ÅCSP systems are highly flexible for integration with conventional power plant design and 
operation and for blending the thermal output with fossil fuel, biomass and evn 
geothermal resources. Basically all technologies that use heat can be coupled or 
augmented by solar thermal. 
 
ÅOne of the ways is to reduce fossil fuel usage and/or boost the power output of the steam 

turbine. To reduce the fuel usage the steam generated by the CSP power plant is injected in 
a low pressure (LP) point or even high pressure (HP) of the steam cycle or in the 
economizer. 
 
ÅSuccessful cases have been more successful at the latter and also using LP feed heaters. 

 
ÅThe heat supplied by the CSP power plant will theoretically avoid the usage of the 

conventional fuel for the same operation.  
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ÅCSP solar field is much 
cheaper than a CSP power 
plant and in a conventional 
power plant the whole 
power plant is available 
 
ÅCSP solar field generates 

steam for a conventional 
power plant will yield 
interesting paybacks as it 
has been shown by Hu, 
David Mills, Graham 
Morrison and Peter Le 
Lievre in the paper Solar 
power boosting of fossil 
fuelled power plants 
(published in ISES back in 
24th May 2003).  

ÅLiddel CSP solar field to augment a coal power plant as one of 
the first projects of this nature in the world. 

COAL AUGMENTATION (II/II) 



NA.2012.A.002.0 Pre-Feasibility Study for the Establishment of a Pre-Commercial Concentrated Solar Power Plant in Namibia 26 

DESALINATION (I/III) 

Renewable Energies can be used for desalination based on two ways: heat or power. Usually the 
electricity route is used with membranes and the heat is used for evaporation.  
 
Three technologies stand out as being the most mature: 
Å  Reverse osmosis (RO) 
Å  Multi-effect distillation (MED) 
Å  Multi-stage Flashing (MSF) 

 
The heat used for the mentioned processes above have come from fossil fuels and usually such 
projects are incorporated with thermal power plants to use the waste heat, but some CSP 
systems have also been developed to provide a way to use solar energy for desalination as well 
as with biomass as the heat source. On the RO route the electricity may come from PV modules, 
wind turbines or any other clean source of electricity, including the CSP for power generation. 
 
Reverse osmosis (RO) uses electricity to pump water against a membrane while the other 
technologies use heat to evaporate and condense water. New processes of RO with nanotubes 
and biomimetics are in development and on the heat side improved concepts are also being 
researched. 
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Multi -stage Flashing (MSF) 
 
{ŜǊƛŜǎ ƻŦ ǎǘŀƎŜǎ ƛƴ ǿƘƛŎƘ άŦƭŀǎƘέ 
evaporation takes place from the 
flow of salt water or brine that 
occurs in the lower part of the 
evaporator 
 
The vapour released in flashing is 
filtered to remove brine droplets 
and condenses to yield water on 
heat transfer tubes at the top of 
the evaporator 
 
The seawater or brine flowing 
through the tubes is heated by the 
transfer of latent heat from the 
condensing vapour, giving a 
temperature rise equal to the 
ǘŜƳǇŜǊŀǘǳǊŜ ŘǊƻǇ ƛƴ άŦƭŀǎƘƛƴƎέ  

Example of a MSF process 

DESALINATION (II/III) 
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Multi -effect distillation (MED) 
 
Vapour formed in each effect 
flows to the condensing side 
of the heat transfer surface in 
the next (lower temperature) 
effect 
 

The latent heat of 
condensation is transferred 
through the tube wall to 
evaporate part of the 
saltwater or brine flowing 
across the surface. 
 

Evaporation is from a 
seawater film in contact with 
the heat transfer surface 

Schematic diagram of the solar MED system installed at PSA  

DESALINATION (III/III) 
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SOLAR IRRADIATION AND AEROSOLS (I/II) 

ÅConcentrating solar power (CSP) plants must focus sunbeams on a collector to generate high temperatures. Only direct 
radiation from the sun can be concentrated this way. This makes CSP plants more sensitive to atmospheric conditions 
than if they could also use diffuse radiation, as with flat-plate collectors (PV or thermal). 
 
ÅDiffuse radiation normally varies in the opposite direction of direct radiation. Therefore, direct normal irradiance (DNI) is 

much more sensitive to clouds or aerosols in the atmosphere than global irradianceΣ ǿƘƛŎƘ ƛǎ ǘƘŜ άŦǳŜƭέ ŦƻǊ ŦƛȄŜŘ 
mounting collectors.  
 
ÅAn area with a good solar resource in global horizontal irradiance (GHI) is not necessarily suitable for CSP projects.  

Direct normal irradiance (DNI) is the fraction of 
the downward flux directly emanating from the 
sun disk that is incident on a plane normal (i.e., 
perpendicular) to the sunbeams, and that has 
not undergone any extinction  in the atmosphere 

Diffuse horizontal irradiance (DHI) is the 
downward flux emanating from the sky vault, 
excluding the sun. 

Global horizontal irradiance (GHI) is the 
sum of the projected DNI on a horizontal 
surface and of diffuse horizontal 
irradiance 
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SOLAR IRRADIATION AND AEROSOLS (II/II) 

ÅAerosols are composed of various particles in a large range of 
sizes. They include sea salt in suspension, sand dust, and many 
other particles generated by vegetation (e.g., pollen), volcanic 
activity, anthropogenic emissions (pollution), smoke, etc. 
 
ÅUnder low-aerosol conditions, horizontal visibility is excellent 

(more than 50 km) and the sky color is dark blue. On days with 
much higher aerosol loads, the sky becomes hazy (whitish) and 
visibility decreases significantly. 
 
ÅAerosols move much slower than clouds, so that both very 

clear and very hazy conditions may last hours, if not many days.  
 

ÅProper quantification of the solar resource in the absence of local irradiance measurements requires 
precise information on clouds, aerosols and humidity at any instant. Models do exist to turn this 
information into estimates of DNI, and such radiative models are widely used in solar resource assessments. 
 
ÅThe limitations in the accuracy of the DNI estimates offered by data providers is the inherent uncertainty in 

the underlying dataτcloudiness and aerosols most importantly. Improved information on the quality, 
quantity and variability of aerosols is among the essential goals in current solar resource research  
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AEROSOL OPTICAL DEPTH (AOD) ς GROUND OBSERVATIONS (I/II) 

AOD measurement stations in Southern Africa ς AERONET network  

The AOD at multiple 
wavelengths can be 
derived from spectral 
irradiance 
measurements 
obtained with ground-
based sun photometers. 

Networks: AERONET 
(NASA), GAW (WMO), 
SKYNET  
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AEROSOL OPTICAL DEPTH (AOD) ς GROUND OBSERVATIONS (II/II) 

Å Although hundreds of AERONET sites in the world have reported data so far, most of 
them have been short lived, typically recording data during a few weeks for a specific 
scientific field campaign. In southern Africa, one such field campaign was the Southern 
African Regional Science Initiative (SAFARI 2000).  

Å In Namibia, only three AERONET stations exist or have existed: Etosha Pan has provided 
data from 8/2000 to 6/2001; Henties Bay has only recently (11/2011) started operations; 
Swakopmund has provided data only during 9/2000. A fourth AERONET station, Sesheke, 
Zambia (located less than 1 km from Katima Mulilo) collected only 4 months of usable 
data in 1997.  

Å The only stations that have accumulated a significant amount of data are Mongu, Zambia 
(1995ς2010); Skukuza, South Africa (1998ς2011); and Wits University, South Africa 
(2002ς2009)  

Å The SAFARI 2000 network was implemented during the fire season, so smoke conditions 
are heavily over-represented in the ground-truth data. Consequently, no particular 
station is representative of what could be considered a good site for CSP applications, 
which is a serious limitation.  
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AEROSOL OPTICAL DEPTH (AOD) - SPACEBORN OBSERVATIONS (I/IV) 

(d) 

(b) Dust clouds on 
June 9, 2004 
(looking down); 
Source: 
MODIS/NASA. 

(a) 

(b) 

(c) 

(a)  Dust clouds on June 17, 2010 
(c)  White dust clouds on June 9, 2004 

(looking south from the Kaokoveld 
Mountains)  

Source: MODIS/NASA. 

Few satellites currently carrying spectoradiometers specially developed to observe AOD in a few spectral 
bands. The best known of these instruments are MODIS and MISR, which fly on the same polar orbiter (Terra) 

(d) Active wildfires 
(red dots) on 
Sep. 7, 2005.  
Source: 

MODIS/NASA. 
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AEROSOL OPTICAL DEPTH (AOD) - SPACEBORN OBSERVATIONS (II/IV) 

 

Monthly mean AOD at 
Ғррл ƴƳ ŀǎ ǊŜǘǊƛŜǾŜŘ 
by MODIS (left plots) 
and MISR (right plots) 
during July and August 
of the 2005 fire season 
(top to bottom). 
Source: 
http://gdata1.sci.gsfc.n
asa.gov/  

 

   

   

http://gdata1.sci.gsfc.nasa.gov/
http://gdata1.sci.gsfc.nasa.gov/
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Monthly mean AOD 

at å550 nm as 

retrieved by MODIS 

(left plots) and MISR 

(right plots) during 

September and 

October of the 2005 

fire season (top to 

bottom). Source: 

http://gdata1.sci.gsfc.

nasa.gov/  

 

AEROSOL OPTICAL DEPTH (AOD) - SPACEBORN OBSERVATIONS (III/IV) 

http://gdata1.sci.gsfc.nasa.gov/
http://gdata1.sci.gsfc.nasa.gov/
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Å These observations reveal that a strong north-south gradient can be expected from August 
to October, since most smoke clouds originate from areas north or northeast of Namibia.  

Å There are always missing data (white squares) 

Å There are large spatial and temporal gradients 

Å Two different instruments may yield significantly different results, even if observing the same 
region from the same satellite. 

Å MODIS and MISR provide daily data at high native spatial resolution (typically 1×1 km, 
depending on instrument and processing level; MODIS 1ºx1º and MISR 0,5ºx 0,5º). However, 
because their platforms are polar orbiters, and because AOD retrievals cannot be made over 
a cloudy scene, the daily AOD datasets contain a large fraction of missing pixels.  

Å Current spaceborne remote-sensing techniques cannot provide hourly AOD data, which 
would be desirable for CSP applications, and for computerized simulation of solar systems in 
general. 

AEROSOL OPTICAL DEPTH (AOD) - SPACEBORN OBSERVATIONS (IV/IV) 
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AEROSOL OPTICAL DEPTH (AOD) ς AEROSOL/CHEMICAL TRANSPORT MODELS 

Å AOD is not observed directly, but is calculated by dynamically combining different models 
and sources of information:  

(i) estimated time-dependent emission data for various species of particles and aerosol 
precursors 

(ii)  meteorological information (from general circulation models) related to their transport 

(iii) descriptions of the chemical processes involved in the formation, ageing and 
disposition of the different types of particles   

 

Å The uncertainties in the inventories of all aerosol precursors released in the past at any 
location and moment, as well as the complexity of all transport and chemical mechanisms 
involved, makes the modeled AOD results generally of lower accuracy than those from 
satellite observations. Moreover, the spatial resolution is coarser, and the AOD is generally 
derived at only one wavelength.  

Å Exception - MACC aerosol reanalysis and forecast system developed by the European Centre 
for Medium-Range Weather Forecasts (ECMWF) and it uses an assimilation of MODIS data  
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MODELING DNI 

The accuracy of satellite-based DNI and GHI depends on that of the applied numerical models 
and of the data used as inputs to these models. More specifically, the overall accuracy of the 
modeled DNI and GHI depends on:  
 
Å The quality of the clear-sky model and its capability to properly characterize various states of 

the clear atmosphere 
Å The level of detail of the satellite-derived cloud transmittance algorithm, and particularly to 

what extent it can differentiate clouds or fog from snow or ice. Over arid zones, where the 
surface is predominantly bare and with a relatively high albedo, a critically needed feature of 
the radiative model is a correct simulation of the complex multidirectional albedo behavior for 
various sun-satellite geometries 

Å The universality of the diffuse/direct decomposition model 
Å The accuracy, temporal and spatial resolution of the model inputs: availability, geometric and 

radiometric corrections of satellite imagery, resolving occurrences of artifacts in cloud data, 
appropriate spatial/temporal resolution and quality of aerosol and water vapor data, etc. 

Å Spatial resolution and accuracy of the Digital Terrain Model (DTM). 
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SOLARGIS - GEOMODEL 

First step consists in using the simplified SOLIS model to evaluate the ideal clear-sky irradiance 
based on the following parameters:  

 
Å Sun position determined by time and astronomical equations 
Å Variable (over space and time) concentrations of atmospheric constituents, namely aerosols, 

water vapor and ozone (delivered at a spatial resolution of about 125 km) 
Å Daily AOD from the MACC model is normally used (daily variability). For Namibia, the AOD 

obtained from the MACC dataset has been corrected to reflect the lower bias of the monthly 
AOD specially derived by SCS 

Å Water vapor is also highly variable in space and time, but has a lower impact on solar 
irradiance than aerosols (daily data GFS and CFSR) 

Å Ozone has only a minor effect on broadband solar radiation (monthly values) 
Å CloudinessΦ /ƭƻǳŘ ŜȄǘƛƴŎǘƛƻƴ ƛǎ ŜȄǇǊŜǎǎŜŘ ǘƘǊƻǳƎƘ ŀ ǇŀǊŀƳŜǘŜǊ ŎŀƭƭŜŘ άŎƭƻǳŘ ƛƴŘŜȄέΣ ōŀǎŜŘ ƻƴ 

meteorological geostationary satellites (MFG and MSG satellites; 4 x 4 km over Namibia). The 
cloud index is derived by empirically relating the radiance observed by the satellite in four 
spectral channels and the estimated surface albedo to the cloud optical properties. A number 
of improvements have been introduced to better cope with specific situations such as snow, 
ice, or high albedo areas (arid zones and deserts), and also with complex terrain. 

Å DNI is finally calculated 
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AEROSOL OPTICAL DEPTH (AOD) AND DNI ς IMPACTS AND UNCERTAINTY (I/II) 

Å  Radiative models used by solar resource data providers to obtain long-term irradiance time 
series at hourly or sub-hourly time intervals cannot be utilized optimally. In most cases, such 
time series are based on monthly-average AOD data, or even worse, on long-term monthly 
climatological AOD values  

Å  Only average AOD data (from 2003ς2011) can be used before 2003. This means that the 
modeled DNI data time series predating 2000 (or 2003, depending on implementation) will 
have a larger uncertainty than the more recent data. The magnitude of this pre-2000 or pre-
2003 uncertainty is difficult to estimate due to the total absence of historical high-quality DNI 
data before 2003 in the region.  

Å  ¢ƘŜ ǇǊŜǎŜƴǘ !h5 ǾŀƭǳŜǎ ŀƭǎƻ ǘŜƴŘ ǘƻ ōŜ ƭƻǿŜǊ όōȅ ǳǇ ǘƻ ҒлΦлрύ ǘƘŀƴ ǘƘƻǎŜ ƻŦ a!//Σ ǿƘƛŎƘ 
means that the DNI maps based on the former dataset should be less conservative than those 
based on the latter. Over low-AOD and CSP-favorable areas in Namibia (i.e., where ta670 is 
lower than about 0.10 to 0.15), the typical error limits in the MACC AOD data normally used by 
GeoModel are estimated to be in the range ς0.05 to +0.10. With the help of the current 
dataset, these limits should reduce to about ±0.05.  

Å  A likely uncertainty of at least 5% in monthly-mean DNI caused by the inherent uncertainty in 
the AOD data alone can be expected over low-AOD (CSP prone) areas in the best possible 
resource maps or modeled datasets.  
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Å  In general, a typical aerosol-induced uncertainty of 10ς15% in annual average DNI should be 
considered at sites with moderate aerosol load.  

Å  Such effects cannot be sorted out without observations from local weather/radiometric 
stations specially designed for high-quality DNI measurements 

Å  In the atmospheric and geographic conditions of Namibia, the inaccuracies of the aerosol data 
may account for more than half of the total uncertainty in solar irradiance.  

Å  Over semi-arid and desert zones (which are widespread in Namibia), the accuracy of the 
modeled solar resource data is mainly determined by the parameterization of the atmosphere, 
especially the proper quantification of aerosol and cloud attenuation.  

Å  The accuracy of the SolarGIS database, version 1.8, has been compared with high-quality 
ground observations at almost 100 stations worldwide. The SolarGIS database demonstrated 
its high reliability and its superior quality compared to other solar databases on the market in 
a recent IEA-SHC Task 36 data intercomparison study (Ineichen, 2011). -> error of 6 to 10% (we 
expect to have lowered these values) 

 

AEROSOL OPTICAL DEPTH (AOD) AND DNI ς IMPACTS AND UNCERTAINTY (I/II) 
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AEROSOL OPTICAL DEPTH (AOD) DATA AND RESULTS (I/II) 

Monthly mean aerosol emissions (in 
Teragrams) over central and southern 
Africa during September 2000. Source: 
Matichuk et al., 2004.  

Modeled monthly mean AOD at 550 
nm for the month of September 2000. 
Asterisks identify AERONET sites. 
Source: Matichuk et al., 2004. 


