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ABSTRACT 
 
Identifying the best available sites for the erection of solar thermal power plants is a basic issue of project 
development. As traditional solutions for this question seem insufficient, the planning tool STEPS was de-
veloped at the German Aerospace Center, DLR, to especially meet this demand. The use of remote sensing 
data in STEPS allows to analyze areas on the country scale exhaustively and in a high resolution (country 
analysis). Thus a number of significant benefits can be gained, among which a tremendous cost reduction is 
the most important. In this paper the specific approach of STEPS, the benefits expected by this approach and 
the broad field of future applications are pointed out. 
 
 
INTRODUCTION 
 
Large scale solar thermal power stations require an extensive area of land which has to meet specific re-
quirements for the erection of the power plant. Typical values for the demand of surface area amount to 
nearly 1 km2 per 50 MWe rated power. Figure 1 gives an expression of the extent of a 5 x 30 MWe parabolic 
trough plant. 
 

 
 

Figure 1: 5 x 30 MWe SEGS plant at Kramer Junction, California  
(Source: Flachglas Solartechnik GmbH, Köln) 

 
If a section of land is identified to be feasible for the erection of a plant by technical aspects it is still nothing 
said about the optimality of the potential site in regard to criteria like electricity yield or costs. Finding feasi-
ble sites and, among those, identifying the optimal ones is an issue project developers face in a very early 
stage of project development. The success in solving this problem crucially determines the economical and 
energetic success of a project, not only in regard to energetic efficiency and financial benefits, but also con-
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cerning the prestige of the technology and investors’ trust - an aspect which is especially relevant for high 
investment technologies at the verge to market introduction like solar thermal power stations. 
In recent years sites for solar thermal power projects in the context of preparative studies were selected by 
estimating promising sites on the basis of particular, available ground measurements of the solar resource 
and analog map material. To validate the preselection of sites, on-site inspections and on-site measurements 
had to follow - a time-consuming process, not giving any guarantee that much more promising sites are yet 
undiscovered. 
 
This situation gave rise to the idea of a planning tool that should allow for site-identification and site-
assessment in a systematic way by completely analyzing large areas of the surface. Such STEPS, an Expert 
System for Solar Thermal Power Stations, was developed at the German Aerospace Center DLR, Stuttgart 
(for more detailed information on STEPS and contact to executive scientific team see 
http://www.dlr.de/steps). In the following the operational field, the underlying concepts and the capabilities 
of STEPS are presented. 
 
 
THE BASIC CONCEPTS OF SITE ANALYSIS REALIZED IN STEPS 
 
Field of operation and functionality of STEPS 
STEPS is a planning tool to provide a systematic and efficient way of identifying and assessing potential 
sites for solar thermal power stations. Three basic characteristics constitute the functionality of STEPS: The 
site analysis is carried out 
 
 for large areas (on the country-scale), 
 continuous in geographical space (i.e. for the complete area under investigation), 
 in a high resolution (30 arc seconds, corresponding to less than one square kilometer). 

 
As major results of an analysis run for a specific area STEPS allows for  
 
 the determination of all sites principally feasible for the implementation of a solar thermal power plant 

project (site identification), 
 the assessment of the identified feasible sites by several criteria of optimality (site ranking). 

 
The results are provided in a GIS format or as time series. Figure 2 shows a typical result of a country analy-
sis produced by STEPS. Depicted is a ranking of all sites in Morocco, which were identified to be feasible 
for a parabolic trough power plant (hypothetical example; no concretely relevant ranking criterion has been 
applied in this example). 
 
Possible criteria to choose for the ranking process are e.g. the solar irradiation to be expected at the specific 
site (normal direct irradiation), the annual electricity yield or the resulting cost of electricity. Further on a 
broad variety of additional information packages can be drawn from a performed analysis: As examples may 
be mentioned maps of infrastructure costs,  total investment costs, maps of heat generation of the collector 
field or hourly series of normal direct irradiation for a specific site. 
 
With this functionality STEPS provides the information basis for preparative studies in the field of solar 
thermal power projects. It helps to detect a narrow set of most promising sites to be examined in more de-
tailed studies in a next step. With its capability of performing aggregate analysis for one or several countries 
(country analysis) as well as investigating custom designed areas, STEPS serves as a decision support tool 
for project developers, both in the private and in the corporate sector. 
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Figure 2: Ranking of feasible sites in Morocco by classes of suitability  
(hypothetical criterion of suitability) 

 
 
Underlying working methods 
STEPS consists of five major modules corresponding to the distinct functionalities of STEPS:  
 
The action of identifying feasible sites is carried out by the geographical module. The distinction between 
feasible and unfeasible is carried out by applying a variety of exclusive criteria, among which are 
 
 the slope of the terrain 
 land cover and land use (forest, cropland, swamp, desert etc.) 
 geomorphological features (dunes and shifting sands, salt flats etc.) 
 hydrographical features (inland waters, land subject to inundation etc.)  
 settlement and industrial use etc. 
 protected areas (national parks, biological reserves, military use etc.) 

 
The main result of the geographical module is a binary mask of feasible and unfeasible sites for the area un-
der investigation. The application of such a mask is illustrated by figure 2 (areas left grey). 
Further on the geographical module provides all geographical information needed by the other modules like 
the terrain elevation (digital elevation model) or the distance to resources like streets, cooling water basins or 
the electric grid. It thus represents an important interface to the GIS data sets containing the geographical 
information. 
 
The determination of the available solar energy resource is carried out by the meteorological module. It pro-
vides the Direct Normal Irradiance (DNI) in hourly time series for each pixel in the area under investigation 
(30 arc seconds horizontal resolution, corresponding to less than one square kilometer). The calculation al-
gorithm is based on a physical model of the atmosphere using atmospheric data (aerosol optical thickness, 
water vapor and ozone) for every pixel as input data for the calculation process. In STEPS a clear-sky-model 
provided by Bird [Bird, 1984] is taken as the atmospheric model. For the separate consideration of the cloud 
influence a cloud model developed at the German Aerospace Center [Mannstein et al., 1999] is used.  
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With the hourly time series of the solar resource as input, the power station module calculates the heat and/or 
electricity yield of the power generation technology investigated by a technical simulation. Currently a mod-
ule for a solar parabolic trough power plant is implemented, other technologies can be added if required (see 
last section). 
 
Finally the economical module undertakes a financial assessment of the assumed power project. A variety of 
economical parameters are considered in a detailed economical model to determine the total cost of the 
power project and such the cost of electricity for each site. Among the most important parameters are 
 
 infrastructure costs (streets, connection to the grid, cooling water pipelines) 
 direct investment costs (power block, collector field, etc.) 
 cost of capital (loan and equity capital) 
 cost of risk mitigation (costs of insurances against technical, economical and political risks) 
 labor costs and cost-structures of production in the country under investigation 
 taxes, custom duties and concession fees in the country under investigation 

 
To support the approach of performing analysis on the scale of countries (country analysis), a comprehen-
sive country data base has been implemented. It organizes and provides the necessary economical in a con-
cise and most effective way. The capability of having parameters of the underlying financing model being 
defined by the user allows for the flexible modeling of the specific financing structure of the power project. 
 
Remote sensing data in use 
To realize the approach of STEPS, the use of remote sensing data is essential whenever data is needed, 
whose contents typically varies from site to site. This data is especially difficult to collect “on ground”, so 
that the main advantage of remote sensing is gained by incorporating and processing such themes. In the 
context of the geographical module this applies to the land cover and land use data set (NDVI-Data from 
AVHRR measurement programs [2]), the digital elevation model (Globe 1.0 [3]) and thus the terrain slope 
data set.  
 
The meteorological module relies most intensely on remote sensing methods using polar-orbiting satellite 
data for the atmospherical clear-sky components and geostationary satellite data (METEOSAT) for deriving 
the information about clouds. 
 
The power station module does currently not apply any georeferenced data. While the economical module 
does process georeferenced data, it does not incorporate remote sensing data, as economical data is hardly 
subject to remote sensors. Nevertheless, a rather new field of application and an idea to be pursued might be 
the determination of land costs incorporating remote sensing data. 
 
 
BENEFITS FROM SITE ANALYSIS USING REMOTE SENSING METHODS 
 
The ability of performing site analysis for complete, large areas implies an enormous potential of cost reduc-
tion. On the one hand this applies to planning costs, for measurement programs at sites of interest get unnec-
essary. A one year measurement program for Normal Direct Irradiance (class 1 Pyrheliometer) evokes total 
costs of about 50.000 € supplying information for just a single site. With costs in the same order of magni-
tude a DNI determination by remote sensing methods via the STEPS-models can be provided for a whole 
country and for a series of years. 
 
The far more significant potential of cost reduction on the other hand can be achieved at the investment costs 
and thus the cost of electricity. This is one of the results from a case study country analysis performed for the 
Kingdom of Morocco. The difference in the cost of electricity between one of the best sites available and a 
site of medium aptitude ranges from 2.5 to 4.5 Euro-Cents per kWh. (The class of best sites among 13 
classes comprises about 30 km2 area, equivalent to 0.02 % of all sites, while sites assigned ‘medium apti-
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tude’ in this context cover 76 % percent of all sites.) Assumed is that it is possible to detect a site of medium 
aptitude by conventional methods of site assessment. The difference between the means of the total cost of 
the power project for the best class and the medium class sites - in other words, the mean cost reduction - has 
a value of about 11.6 percent. The maximal difference between sites within the best class and the medium 
classes amounts to 18.4 percent (percentage values are referred to costs without cost reduction by STEPS; 
percentage values referred to costs at optimal sites: mean project cost reduction of 14.2 % and maximum 
project cost reduction of  22.6 % between best sites and medium aptitude sites).  
 
A second aspect is the time-saving achieved by using remote sensing data: While at ground measurements 
the process of planing has to await the results of data collection (typically one or two years), remote sensing 
data covering a far longer period of time can be preprocessed and such be made available at a shorter period 
of time. 
 
As a summary one can state that site assessment using remote sensing methods - as realized in the planning 
tool STEPS - yields a significant potential of cost reduction in power projects while in the same time realiz-
ing time-savings and information profits. 
 
 
PROSPECTS OF DEVELOPMENT AND FUTURE APPLICATIONS 
 
With its generic, modular approach, STEPS shows an enormous potential for an uncomplicated and exten-
sive upgrading of its functionality. Within the current structures the following additional features are sug-
gesting: 
 
 implementation of additional power plant configurations, e. g. direct steam generation (see 

http://www.dlr.de/tt/solartherm/HDV), thermal storage or hybrid systems with auxiliary fuel-firing, 
 implementation of additional modules for different solar thermal power technologies, e.g. fresnel collec-

tors (see http://www.solarmundo.de/htm/frame.html) or tower systems, 
 incorporation of different financing models, e.g. private finance, corporate finance, mixed finance. 

 
Besides these enhancements the framework of STEPS allows for a variety of additional applications. Among 
these are: 
 
 the simulation of cogeneration systems like combined heat and power generation or combined water de-

salination; site ranking can be performed as a multi-criteria-optimization in regard to a variety of product 
returns, e. g. electricity demand, heat demand, demand for desalinated water for irrigation, 

 site assessment for other renewable energy systems, e. g. photovoltaic (global irradiation) or wind energy 
systems, 

 determination of development potentials of technologies in regard to local energy demand and potentials 
of international electricity networks, 

 quantification of the potential to reduce green house gas emissions (mainly CO2-Emissions). 
 
Additional benefits can be gained from establish interfaces to planning tools with complementary functional-
ities. Examples are tools for a more detailed simulation and engineering of single plants for selected sites. 
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