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Abstract 
 

The purpose of this study is to find potential areas suitable for energy production using renewable 

sources. For this aim, accurate assessments are necessary. The assessments include geographical 

suitability, closeness of infrastructure and observing local and regional framework concerning the 

use of renewable sources together with environmental protection. In addition, economical factor is 

considered in such an assessment. In this study, the Photovoltaic (PV) production potential for 

Germany is considered. An accurate and complete data set is necessary in order to achieve reliable 

results. In addition, a powerful database management and strong analysis tools are required. 

Geographical Information System (GIS) is a tool for finding suitable sites for the photovoltaic 

production. 

Using GIS, energy generation planners are able to visualize solar densities throughout the 

considered area. In addition, they can find the optimal and most economical sites by the combination 

of solar potential with the information about land. In this study, data sources consist of 

meteorological and geographical conditions. Furthermore, all analyses have been performed using 

Arc GIS Desktop. This study demonstrates the possible places for photovoltaic plants and indicates 

suitable candidates according to weights and factors in multi criteria analysis. The solar radiation 

data is from year 1995 to 2005. Land cover data is according to Corine 2000 and the more detailed 

Raumordnungskataster (Rok) for Weser-Ems. Numerical results are reliable from a comparison 

point of view. This study demonstrates the sensitivity of the defined criteria with respect to 

electricity production. In particular, this study is useful to see the capabilities of GIS for site 

selection regarding photovoltaic plants. 
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1. Introduction 

1.1 Aim, purpose and target groups 
 

Today’s attempts in utilizing renewable energy and green energy production instead of old non-

renewable sources require the application of all possible techniques and tools in IT sector for better 

monitoring and potential analyses. Meanwhile, turning from earlier methods of data analysis, which 

lack visualization abilities, to the new user-friendly visual methods is of great interest in the research 

area. Especially in the field of renewable energy where there are much data to be combined for 

analysis or deriving maps, such tools are invaluable. 

 

This study considers free stand-alone photovoltaic potential in Germany by GIS-based site ranking. 

Germany in particular, as a pioneer in the photovoltaic sector, needs to monitor and map all possible 

potentials. This monitoring should help decision makers and researchers to design equipments more 

suitable to different geographical situation and different effects such as lifetime and humidity 

resistance and so on.  

 

This study deals with determination of potential areas suitable for photovoltaic plants in Germany. 

Two points are of interest: one is the methodology of performing such a study with GIS and second 

is the result of assigning initial data in GIS and making comparison for different scenarios. 

The aim of this study is to calculate the amount of electricity productions from the proposed 

photovoltaic power plants. Target groups for this study would be energy-GIS specialists who like to 

use GIS in order to analyze energy related data, especially in the field of renewable energies. In 

addition, the goal is that the processes and models developed in this study can be utilized for similar 

cases. 

 
1.2 Germany’s renewable energy situation and renewable energy 
sources act (EEG) 

 

European countries belonging to the European Union (EU) are trying to adopt national acts and 

decision at the EU level in order to have a sustainable development. According to the European 

Council in 2007, the share of renewable energy production must reach 20% by 2020. In addition, 

they consider efficiency improvement in order to reduce energy usage up to 20% and decrease green 

house gases (GHG) emissions 20%. According to 2005 statistics, Germany was in the 14
th

 place 
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after France and before Greece, between 27 EU members for its share of renewable electricity 

compared to the supposed level for 2010 (Fouquet and Johansson 2008). 

 

Germany is presently (2007-2008) EU’s largest energy market with 3.8 GWp (Gigawatts peak) of 

installed Photovoltaic production which almost equals 50 percent of the global Photovoltaic energy 

market. See figure 1. The benefit from this sector for the German economy is EUR 5.7 Billions. It is 

expected that Germany’s capacity for 2010 will reach 6 GWp. As reported in ―Invest in Germany 

GmbH‖(Anonymous 2008b), the German photovoltaic industry sector spent around EUR 175.8 

million in research and development, and employed around 42,000 people. 

 

                            

                                                                Figure 1 Chart of world market share for PV in 2007 

                                                             Source: (European Photovoltaic Industry Association, 2007) 

 

One of the most important challenges of the renewable energy sector has been the economic 

viability and competitiveness. Meanwhile the increase in global oil and gas prices in 2007 and 2008 

has strengthened the incentives for pursuing renewable sources of energy.  

 

Germany tries to be a pioneer in the renewable energy sector in order to remain independent in the 

energy sector. The Renewable Energy Act (EEG) aims to act as a guidance to accelerate this process 

and to delineate the restriction; other countries such as Spain have a similar act. In Germany EEG 

comes from the ministry of justice. 

 

In brief, EEG facilitates sustainable energy development in order to protect climate, nature and 

environment. One of the most powerful mechanisms mentioned in this act is Feed-in Tariff, which is 

an incentive to support the renewable energy sector. Obligation to buy electricity produced by 

renewable energy sources is a part of this action (Sijm 2002). 
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Article 11 of the English version of EEG elaborates on the fees paid for electricity coming from 

solar radiation. 

 

Some general parts related to the free stand-alone photovoltaic plants are mentioned below as 

examples (Anonymous 2008a): 

i. ‖The fees paid for electricity generated by plants using solar radiation shall amount to at 

least 45.7 cent per kilowatt-hour‖ 

ii. ―If the installations are not top roof mounted, the operator only must pay fees if structures 

were commissioned prior to 1 January 2015‖ 

iii. Only some areas are permitted for PV establishment e.g. land converted from an economic 

or military use 

 

1.3 Geographical and climate description of studied areas 
 

In this section, there is information about Germany`s geography. Especially the climate information 

has a close connection to the amount of renewable potential available in the country. Germany 

consists of 16 states and its population exceeds 82 million which is the highest population density in 

Europe. Germany has five distinct geographical areas. Total area of Germany is over 357,000 km
2 

whereof more than 349,000 km
2
 consist of land, and 7,798 km

2
 consist of water. 

 

Denmark, Poland, Czech Republic, Austria, Switzerland, France, Belgium, Luxemburg, and 

Netherland are Germany's neighbors. The highest point in Germany is located at Zugspitze with 

elevation of 2962 m at Alps’ mountain and the lowest point is located at Neuendorf bei Wilster with 

3.53 m below sea level. Flooding is the dominating natural hazard in Germany. Terrain forms 

Lowlands in north, uplands in center and Bavarian Alps in south. 

 

With regard to climate perspective, Germany is located in the temperate zone that has frequent 

weather changes. It is a four-season country. Snowfall and winter temperature can be seen in higher 

elevations such as southern part (Anonymous 2008b).  

 

 

 

 

http://en.wikipedia.org/wiki/Metre
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1.4 Background 
 

Recently, energy aspect is going to be in high priority for decision makers dealing with the different 

levels of planning. Especially, the planning in any level of neighborhood, urban or regional and 

national must be sustainable as the supply and demand sides meet the sustainability criteria 

regarding energy. To meet the target for energy sustainability; new techniques or the efficient usage 

of available data must be in attention. This is important in resource planning and management for 

renewable sources where using the techniques, e.g. remote sensing, reduces the cost compared with 

the conventional methods of surveying. Remote sensing is basically the use of the electromagnetic 

spectrum, which is helpful in environmental assessment and can be applied for the renewable energy 

potentials (Dudhani et al. 2005).  

 

The Geographic information system (GIS) can be a platform to analyze and manage the data about 

land and detect renewable potentials. This is significant, especially when dealing with dispersed 

energy resources such as renewable energy. GIS can be a tool for renewable energy modeling 

(Sorensen and Meibom 1999). 

 

In addition, GIS based calculation of technical potential of renewable sources provides more reliable 

information compare to the theoretical potential. GIS can be useful in establishing an evaluation 

model for developing local renewable energy sources, which can be a source for the local or national 

authorities to estimate the renewable potentials. Furthermore, GIS can play a supporting role in 

assigning different scenarios e.g. renewable energy prioritized or wildlife prioritized (Yue and Wang 

2004). 

 

Using GIS, local constraint and the spatial and climatic factors involved for potentials can be 

quantified (Ramachandra and Shruthi 2005). The extra advantages of the GIS in renewable energy 

potential studies are mapping the renewable potentials e.g. photovoltaic via using remote sensing 

data and the local measurement. 

 

Earlier studies on using GIS to find suitable places for photovoltaic energy production include for 

example (Sorensen  2001) where geographical information system is used to map solar resources and 

to match it with demand modeling. 
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In addition to the above, the study in Spain (Carrion et al. 2007) in the Andalusia(area which has a 

suitable climate for PV) demonstrates how the GIS was used to find the most suitable land sites for 

the location of solar power plants for the production of electrical energy. Similar to the studies from 

this type the legal and environmental issues were considered. 

 

Furthermore it can be understood that also GIS can be used for presentation of the result related to 

PV. Example of such a study is developing methods for solar energy planning using PV together 

with passive solar design and solar water heating where the result were presented by GIS (Gadsden 

et al. 2003)    
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2. Material and methods 
2.1 Definition of criteria and scenarios for free PV stand-alone 

 

This work is based on information provided by the University of Oldenburg in Germany. The 

software used for the whole processes is Arc GIS Desktop 9.2, Arc info license with all extensions. 

 

Since the objective of this work is to find suitable sites for PV, homogenization is performed for 

future overlaying and calculation. This homogenization consists of projection, selecting an 

appropriate cell size for the raster format conversions and making comparable scale for weighting. 

 

GIS operation for all data is classified in two stages: 

1. Preparation to select usable data and the correction for some data  

2. GIS operation for multi criteria analyses and weighting to finalize the processes  

Prior to discovering the appropriate sites for PV, criteria definition should be undertaken for the next 

phases of the work. The criteria are resulted from technological matters related to PV. Below is the 

list of considered criteria for this study: 

1. Optimal harvesting potential of solar energy should be achieved 

2. Cities or the areas that are supposed to use the electricity produced from PV must be close 

to this plant 

3. Closeness to infrastructure in order to have feasibility to send or provide future support 

 

In order to assign these criteria, there is a need for five layers namely slope, land cover, aspect, 

closeness and finally radiation. Then those layers should be classified and assigned for ranking. 

Gentle slopes are better for construction and future maintenance. Land cover helps to see which area 

is feasible for PV. Aspect is important because of its effect on exposure to solar energy. Closeness is 

important not only because of its effects on losses for produced electricity transformation, but also 

for ease of providing support. Radiation is one of the most important factors because it is a source of 

energy. Accordingly, more radiation means more electricity. 

 

Dissimilar scenarios should contribute to this study. Three scenarios are preferred for this aim: 

1. Extraction of areas with the best suitability (Selecting the highest values regarding suitability 

from scale range) 

2. Drawing out area prioritization depending on meteorological condition  

3. Giving priority to infrastructure as the main factor 
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In every scenario, layers selected from initial data sources of Radiation, Corine, Rok and DEM will 

be considered as factors or constraints. Projection for the entire layers is UTM32N and cell sizes for 

a quantity of layers are different but finally a cell size of 100 m is chosen for all rasters. The reason 

for selecting 100 m for cell size is that the cell size of Corine data is 100 m. 

 

The work order for this study is firstly extracting layers from spatial cadastral named as 

Rok(Raumordnungskataster), DEM and also radiation data and Corine, then overlaying by Corine as 

basic data to get a result. Meanwhile some rules have been assigned before more action on data: 

1. If there is information for a feature in both land cover and Rok data, the data from Rok will 

be considered for that barrier or factor of the feature 

2. When all values inside the polygons, which must be converted to raster, are the same, the 

value 1 would be assigned for this conversion that are considered as factor map and 0 when 

considered as the constraint. 

3. Point and line features were not considered 

 

2.2 Source data 
2.2.1 Land cover 

 

Necessary files for whole Germany were supplied in Img format and e00. *.Img is the Erdas 

Imagine format for storing raster data. E00 as explained in Arc GIS desktop help, is Arc Info 

interchange file format, also known as an export file. A symbology should be imported as Arc view 

format by avl file to see the standard color provided by the producer. Corine data are almost ready to 

use because the projection is UTM32N which matches with the target projection for future 

calculations. Only the cell size would be considered in order to fit with supplementary layers. 

 

Nowadays in European countries, very close and strong cooperation in scientific fields is ongoing 

and the need to have data with the ability of comparison and unique format seems to be unavoidable. 

CORINE project that stands for Coordination of Information on the Environment is one of these 

projects. 

 

These maps are provided with the aid of satellite remote sensing from German Remote Sensing Data 

Center. Typical characteristics are e.g. that the cell size is 100 *100 meters and projection is UTM 

zone 32. Area mentioned in attribute table are in m² and Perimeter in m. CLC (CORINE Land 

Cover) is one of the fields in the attachment table explaining the maps.  
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CLC-codes show the land covers that can be used to extract suitable areas according to criteria and 

some categories belong to whole Europe and not specifically Germany (See table 1). 

 

            Table 1 Codes for classes                     
Pixelvalue CLC-

Code 
CLC-Class R G B 

21 111 Continuous urban fabric 219 0 0 

22 112 Discontinuous urban fabric 248 49 78 

23 121 Industrial or commercial units 219 0 163 

24 122 Road and rail networks and associated land 134 134 134 

25 123 Port areas 163 163 219 

26 124 Airports 106 106 106 

27 131 Mineral extraction sites 163 78 49 

28 132 Dump sites 163 21 49 

29 133 Construction sites 191 106 134 

30 141 Green urban areas 106 248 0 

31 142 Sport and leisure facilities 248 78 0 

32 211 Non-irrigated arable land 248 248 134 

33 212 Permanently irrigated land 248 248 49 

34 213 Rice fields 248 248 248 

35 221 Vineyards 248 163 21 

36 222 Fruit trees and berry plantations 248 219 163 

37 223 Olive groves 248 248 248 

38 231 Pastures 163 219 21 

39 241 Annual crops associated with permanent crops 248 191 49 

40 242 Complex cultivation patterns 248 219 106 

41 243 Land principally occupied by agriculture, with 
significant areas of natural vegetation 

191 191 78 

42 244 Agro-forestry areas 248 248 248 

43 311 Broad-leaved forest 0 191 0 

44 312 Coniferous forest 0 134 106 

45 313 Mixed forest 0 134 0 

46 321 Natural grasslands 163 191 106 

47 322 Moors and heathland 219 219 0 

48 323 Sclerophyllous vegetation 248 248 248 

49 324 Transitional woodland-shrub 191 248 0 

50 331 Beaches, dunes, sands 248 248 191 

51 332 Bare rocks 219 219 163 

52 333 Sparsely vegetated areas 134 219 163 

53 334 Burnt areas 0 0 21 

54 335 Glaciers and perpetual snow 219 248 248 

55 411 Inland marshes 191 78 248 

56 412 Peat bogs 134 78 219 

57 421 Salt marshes 191 134 219 

58 422 Salines 248 248 248 

59 423 Intertidal flats 248 191 248 

60 511 Water courses 0 106 248 

61 512 Water bodies 0 163 248 

62 521 Coastal lagoons 0 219 248 

63 522 Estuaries 106 219 248 

64 523 Sea and ocean 168 223 255 

255 999 no data 255 255 255 

 

 

These raster data sets have one band with a spectral depth of 8 bits. Because the maximum value is 

999, all values have to be recoded into an interval between 0 and 255. For example the class 111 is 
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represented by the pixel value of 21. As some software tools show pseudo color in the gray scale 

format, RGB values for the pseudo color codes of the classes are provided. Every CLC class is 

assigned to an RGB value combination to represent the respective class in a map. Arc GIS or 

ERDAS can recognize the pseudo color properties of the raster data sets (Kiefl 2008). German 

Remote Sensing Data Center (2008) had produced The CORINE Land Cover 2000.  

 

2.2.2 Feature data 

 

Weser-Ems Rok data are supplied from their municipality. Rok that stands for 

Raumordnungskataster consists of different features such as traffic, radio relay link, F-plan, energy, 

water, and mining industry used for regional planning. These features are presented with point, lines 

and polygons. Basic geographic coordination system was GCS_Deutsches_Hauptdreiecksnetz. 

Table 2 shows the features inside this data and its description.  

 

Table 2 Features inside Rok data with element presentation 
Feature Point Line Polygon Example 

Water No Yes Yes Water pipeline, Protection area 

Traffic 
 

Yes Yes 
 

Yes Helicopter landing pad 

Incomplete highway  

Special landing area 

Saved area No No Yes Military, Sinking ground 

Radio Relay link No Yes No Microwave link  Bremen – 

Steinkimmen 

Landeskulture No Yes Yes Consolidation of farmland  

Mining No Yes Yes Mine 

Economy No No Yes Some area in north sea    

Energy Yes Yes Yes Transformer station, Power line 

Recovery No Yes Yes Cycle track,  golf coarse 

F-plan Yes Yes Yes Flächennutzungsplan  

Land conservation No No Yes Landscape Protection area  

Disposal No No Yes dump  

 

2.2.3 DEM 
 

DEM (Digital Elevation Model) represents a continuous elevation value over a topographic surface 

to represent terrain relief (Anonymous 2008b) The DEM derived from raster cells and the value of 

each raster, that are equal spaced, are in one row of table. To open it in Arc Map, firstly, it should be 
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added and Gauss-Kruger or DHDN 3 Degree Gauss zone 3 projection has to be chosen. Any 

interpolation would introduce errors as these data were derived from raster data. Bundesamt Für 

Karthographie Und Geodäsie had made DGM250 (DEM) data. 

 

 

 

2.2.4 Radiation data 

 

The original METEOSAT image used for radiation data consists of 320 columns and 220 rows. The 

unit used for solar irradiation is Wh/m
2
. Values in the table are presented in three columns named as 

Longitude, Latitude, and Solar irradiation. The data collected from real meteorological conditions 

derived on the horizontal surface. Data originated from METEOSAT 5, 6 and 7 that are 

geostationary satellites. Temporal resolution is 30 minutes and spatial resolution is 2.5 km (Hammer 

et al. 2002). The source of Radiation data was from three versions of Meteosat satellites; Meteosat-5 

(1991-2007), Meteosat-6 (1993-2006), Meteosat-7 (1997-2013). 

 

2.3 Preparation for scenarios 

2.3.1 Land cover (Corine)  

 

Along with Corine's data, Img format has been chosen. The layers with pixel values of 21, 22, 23, 

32, 38, and 41 were extracted. These elected areas from Corine are the following names 

respectively: Continuous Urban fabric, Discontinuous urban fabric, Industrial or commercial units, 

Non-irrigated arable land, Pasture and finally Land principally occupied by agriculture, with 

significant areas of natural vegetation. Elected areas outside the whole area have been chosen 

because of the mentioned authorization in EEG. 

 

Another factor is extracted land with pixel values 21, 22, 23. Values of this raster show only the 

difference between these areas’ characteristic, like cities or rural areas. In this part closeness to this 

area as infrastructure is important. Areas with the distances less than 2000 meters are considered as 

the suitable area for closeness.  

 

The reason for selecting 21 and 22, 23 is to consider them as factors to follow the criteria of 

nearness to the PV plants. Closeness of source of energy production (Conversion) on the way 
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toward consumers would decrease losses in the transfer network. Furthermore, providing equipment 

and prospective maintenance would be easier. 

 

Pixel value 38 or pastures can be utilized for PV, since they are the sort of natural phenomenon that 

now includes application in a certain way. If they lack any humankind application and are 

considered as intake areas, such as a saved area, they could not be used for this aim. These layers are 

put in two different layers, one with pixel values of 21, 22 and 23 for closeness consideration and 

the other one as a constraint of factor, which consists of 32, 38 and 41. Figures 2 and 3  indicate the 

extraction. 

 

 

    

                              Figure 2 Extracted layers of 32, 38 and 41               Figure 3 Extracted layer of 21, 22, and 23 

 

2.3.2 Rok 
 

Feature layers are divided into three categories: the layers (features) that would not be considered; 

the features that are suitable for PV; and features that have no effect on consideration. Explanation 

of layers and the process needed to prepare data are as below:  

i. Water_Buffer_Raster: Water layer consisting of lines and polygons where lines show water 

pipelines and polygons are protection areas. Since pipelines are underground; they are not 

considered. However, protection areas will be considered. Water protection areas were regarded 
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as a limitation layer. For water protection area, a buffer zone of 20 m and for raster’s conversion, 

a cell size of 100 meters are considered. All pixels are with zero value.                                                       

ii. Saved_Area_Raster: It is as a constraint layer. Saved areas are those which are not allowed for 

making buildings or other structures. Features such as military or sinking grounds are other 

features that are unsuitable for PV, unless the area's previous zoning is changed. Saved area was 

considered as constraint map and zero value. Also cell sizes of 100 were assigned for this layer.  

iii. LandesKulture_Raster: Landeskulture is considered as suitable area. Landeskulture consists of 

features such as walls that are flooding protection or for extra water during heavy rainings. Other 

features are consolidation of farmland and flood protection retention basin. The only parts 

considered are polygons that mostly represent the consolidation of farmland.  

iv. Land Conservation_Raster: Land conservation is considered as a constraint layer. Land 

conservations are areas unsuitable for establishing PV and will be examined.  

v. Disposal_Raster: For disposal, value of 0 and cell size of 100 meters are assigned to raster 

conversion. These areas are considered as the constraint. In attribute table of disposal, there is no 

explanation about availability of unused disposal to be considered as suitable; consequently, all 

areas are considered as unsuitable.  

vi. Mining_Buffer_Raster: Mining layer is considered as a constraint layer, which is unsuitable for 

PV. Buffer region of 100 meters is considered around these polygon areas. Furthermore, value of 

0 and cell size of 100 meters are assigned to raster’s conversion. 

vii. F_plan_Raster: F_plan is the layer that represents the area with the plan for future. These areas 

should not be used for PV and are considered as a constraint layer. F_plan points, lines and 

polygons must be converted to raster as the constraint map. However, since F-plan points are 

very small they can be ignored. Furthermore, line features are treated in the same way.                   

viii. In traffic layer, there are information about landing areas for airplanes which are unsuitable for 

PV. They are presented by polygons.                                           

ix. In the Energy layer grid, lines are the kind of features which can be of interest if there are 

electrical network with low to medium voltage. Medium lines are between 20-40 Volts. In this 

layer, some overhead lines exist. In addition, some structures such as a Wind Park are visible. 

Energy consists of three kinds of features, which are classified as point, line and polygons. 

Considering attribute tables of points, three different types of structures are presented.  

1- Power station 

2- Transformer station 

3- Wind power devices offshore and wind parks 
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The section presented by lines consists of the overhead power line of 110, 220, and 380 kV. It is 

assumed that these power lines should not be of our interest, and therefore can be taken out of 

consideration. 

x. Last layer is mining that shows mining areas, which are not of interest for PV establishment. 

Rok data were converted to raster and the statistics for the counted number are mentioned in the 

following table. As the count value shows, disposal and traffic (Landing area) are smallest areas 

and land conservation is the most dominating area. The second biggest area is Landeskulture. 

 

 

Table 3 Some statistical values from Rok data 

Name Value Count Explanation 

Traffic   0 447 Landing area 

Landeskulture   1 189134 Landeskulture 

Water   0 137998 Water 

Saved area   0 163795 Saved area 

F-plan   0 129276 F-plan 

Lands conservation   0 492423 Lands conservation 

Mining   0  2871 Mining area 

Disposal   0  654 Disposal area 

 
2.3.3 DEM 

 

Two characteristics called aspect and slope are obtained from. The slopes lower than 25 degrees 

where the aspect is southeastward, south or southwestward are appropriate according to the criteria. 

 

 

Aspect_Raster: Since slopes toward south are suitable in order to collect maximum possible solar 

energy; extracting areas with southward direction are essential. Aspect of Germany, derived from 

DEM is classified with the following intervals: 

 

1-Flat (-1) 2-North (0-22.5) 3-Northeast (22.5-67.5) 4-East (67.5-112.5) 5-Southeast (112.5-157.5) 

 6-South (157.5-202.5) 7-Southwest (202.5-247.5) 8-West (247.5-292.5) 9-Northwest (292.5-337.5) 

10-North (337.5-360) 
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Slope_Raster: The next layer derived from DEM is the slope. Most procedures are the same. Like 

the previous stages, five zones are classified: 0-4, 4-10, 10-15, 15-20 and 20-25. One class is for 

over 25, which means the unsuitable area. The theory behind is to find the most suitable places 

according to these slopes, where the areas with smaller amount of slopes are better. Then from the 

slope, we have two kinds of layers. First, those which are over 25 as a constraint and second; those 

less than 25 degrees as a factor map. The following figures 4 and 5 show the slope and aspect for 

Germany. 

 

 

 

 

     

 

 

  

 

 

 
2.3.4 Radiation 

 

Radiation has an important effect for the scenarios. Compared with the other parameters, 

meteorology is the most important parameter. The radiation for all computations is the same. It is 

the annual average for the period from 1995 to 2005. 

 

Data are stored in tables while it must be visualized in Arc Map in order to perform assessments. 

Initial data are in ASCII file, which can be opened with Editors like word pad or word editor. The 

following is a sample of rows and columns from the preliminary file that consists of monthly 

radiation data. This data is from January 1996. Opening file with Microsoft Offices should present 

the data in three columns while delimited factor is space. Figure 6 and 7 show five example rows of 

the data. 

 

 

Figure 6 Radiation data opened by Microsoft Excel 

Figure 4 slope of Germany Figure 5 aspect of Germany 
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To prepare the radiation data for analysis, some preprocessing is necessary.  

 

i Projection 

 
Firstly, data is imported to Arc map where the software needs a projection in order to derive points 

with XY coordinates. Therefore, WGS84, which is the reliable ellipsoid and has been checked with 

landmarks and vector data, is selected. 

 

ii Filling the gaps in the satellite data 

 
There are some gaps between the data points. A pixel in  Meteosat projection changes its size with 

viewing angle because Meteosat is geostationary satelite. This is important where they are converted 

to a predefined raster . These gaps must be filled without any significant changes compared to the 

original data. The following procedures demonstrate stages to reach this target (Drews 2008). 

 

iii Raster conversion 
 

Data should be converted to raster format for calculations and other GIS processes. The selected cell 

size for this conversion is 0.04 degree in the beginning. Final cell size should be 5 km in the UTM 

reference system. The following formulae demonstrate the procedure for detecting the best cell size 

which can be used in conversions in order to reach cell size of 5 km in the end. Finally, the extent of 

image will be achieved. See figure 8 for the schematic of process to find suitable cell size. The 

geodesic distance in km between two longitudes is , which 

represent the following values: 

r=Radius of WGS (World Geodetic System of 1984) 1984 projection that is 6 378 137.0 m 

=3.14, α=latitude, λ=longitude  

Distances for upper and lower part of Germany are calculated to find the mean values between these 

results. Calculation must be performed in Radian. D1 and D2 are geodesic distance as explained. 

 km 

Figure 7 Radiation data after adding comma and parameters 
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 km 

F1 and F2 are number of cells                    

E1 and E2 are cell size  º     º 

º 

Properties of raster format are as underneath: 

Columns and rows: 198,137  

Extent:  North =56.6409 º, West=3.8801 º, East=17.9601 º,  

South=46.8809 º 

 
iv Mask 

 
Reclassification, with the purpose of separation between gaps and values is performed. Firstly, 

reclassification tools are chosen, but since the IS null function is more appropriate, this function is 

used to make two classes ; class 1 for gaps, which represents No Data and class 0 for values . 

  

―IS null function return 1 if the input value is No Data and 0 for cells that are not, on a cell-by-cell 

basis within the Analysis window‖ (Anonymous 2008b). 

 

v Interpolation 

 
Interpolation can be defined as "a process to determine the value of a continuous attribute at some 

location intermediate between known points" (Chrisman 1997). In order to have continued data, 

three interpolation methods are applied. IDW and Kriging and Natural neighbors are three selected 

interpolation methods. 

 

Inverse distance weighted interpolation (IDW) is one of the methods that is efficient for 

interpolating values of scattered point. In this method, the value of nearby points is more effective 

than the points located in more distance. Nearest neighbor or natural neighbor assigns values of 

known points to their nearest points. Kriging named because of a mining engineer in South Africa 

(D.H Krige). Its establishment was based on the regionalized variable theory that says the closer two 

point are in space, the more similar value they have. It can apply to different data types such as 

points (ratio, categorical etc) and areas (Östman 2008). 

 

Figure 8 Schematic of process to find suitable cell size 
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The result of these three methods are compared together to discover the optimum state for 

interpolation. Figure 9 shows these three methods for radiation.   

 

 

 

 

 

    
vi Multiplication 

 
In this step, raster grids resulted from interpolation are multiplied with Mask, which is result of part 

iv. The aim is to keep the original values of the cells that are not gaps. 

 

vii Raster calculation 

  
Since the result of adding No Data to value in the raster format is No Data, using Conditional   

function from raster calculator expression helps giving 0 to No data values (Huber 2008, Brandt 

2008). The Function of CON (IS Null ([My grid]), 0, [My Grid]) is used to change No Data value to 

0.  

 

viii Summation 
 

The result of vi (Multiplication)  is added to result of the vii (Raster calculation) stage. 

 

 

ix Conversion to UTM and Cell size adjustment 
 

Next step is assigning projection to the result. The projection should be UTM32N similar to other 

layers associated to this study. While converting UTM32N, cell sizes must be 5 km to 5 km. This is 

done with the conversion to raster function in Arc Map. Natural neighbor was chosen as resampling 

methods. 

 

x Model  

 
After reaching reasonable results, an automatic batch model was generated because of number of 

files. 

Figure 9 Final results from natural neighbors, IDW and Kriging 
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xi Comparison of interpolation’s methods 
 

The desired interpolation type results in a grid with almost no changes to the original data. To reach 

this aim; statistic’s comparison is a useful tool. Comparable factors are Minimum, Max, Mean and 

Standard deviation. Tables 4 and 5 show these statistics. The data selected from January of 1997; 

one from conversion’s result of original file, other one from the result of raster with filled gaps. 

Units are Wh/m
2
. The tables below compare some of these properties of different interpolation 

types. 

 

 Table 4 Properties of resulting and original raster in Wh/m
2         

  

Original 

 

Kriging 

 

IDW (8) 

 

IDW(12) 

 

IDW(16) 

 

Natural neighbor 

Min 349 349 349 349 349 349 

Max 1500 1500 1509 1500 1509 1500 

Mean 646 652 653 652 653 646 

Std dev. 180 190 191 190 190 180 

       

 

 Table 5 Differences between resulting and original raster in Wh/m
2
 

 

Differences 

 

Kriging 

 

IDW(8) 

 

IDW(12) 

 

IDW(16) 

 

Natural neighbor 

 

Min 

0 0 0 0 0 

 

Max 

0 9 0 9 0 

 

Mean 

6 7 6 7 0 

 

Std dev. 

10 11 10 10 0 

                                                                   

From table 4 and 5, it is obvious that natural neighbor is the best selection. In addition, Kriging is 

the most time consuming methods between these methods. 
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xii    Flow chart of procedures for preparation of radiation data 

 
Figure 10 is schematic representation of the processes in the model.   

 

 
                                                                       Figure 10 Procedures inside model 

 

Finally, when making factor layers, only one layer for radiation with a long-term mean value 

between 1995 and 2005 is necessary. For this aim, daily mean results are multiplied by number of 

days. Then the sum of these calculations for every year are divided by 11, the number of years. 

Three years in between are leap years; 1996-2000-2004 which for February number of days are 29 

days. All functions, used for these procedures have been explained in previous pages. The Figure 11 

shows the map of the mean radiation value 1995 to 2005. 
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=3.14

Figure 11 Mean radiation value 1995 to 2005 
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2.4 Default values in scenarios and logic behind categorization  
 

Before going through scenario’s section, the categories are assigned to every layer and later the scale 

values and weighting is performed.   

 

First, all factors are reclassified from one to 10 by the one-unit increase for any class. Some factors 

consist of 1 and 0, and some other of 1 to 6 and so on. 

 

 For slope, classes are categorized as:  

1=0 to 4, 2=4 to 10, 3=10 to 15, 4=15-20, 5=20 to 25, 6=over 25 

The map shows that slopes over 25 degrees, the places that covered with mountains, mostly are 

located in southern part of Germany. Maximum acceptable slope is supposed to be 25 degrees. 

Other categories are produced with almost the same increase with about 4 to 6 degree increase for 

each. 

 

 For Landeskulture classes categorized as: 

0=others, 1=areas inside Landeskulture. 

Since there is only one category, a binominal classification was used. 

 

 For radiation, classes categorized as: 

1=934853 Wh/m
2
to 1000000 Wh/m

2
, 2=1000000 Wh/m

2
to 1100000 Wh/m

2
, 3=1100000 Wh/m

2
 to 

1200000 Wh/m
2
, 4=1200000 Wh/m

2
 to 1276287 Wh/m

2
 

Increase rate is almost the same for all categories and since less than 1000000 Wh/m
2
 is considered 

unsuitable, the ranges start with this value. 

 

 For aspect, classes are categorized as: 

1=-1 to 0 flat area, 2=0 to 112.5(N-NE-E), 3=112.5 to 157.5(SE), 4=157.5 to 202.5(S), 5=202.5 to 

247.5(SW), 6=247.5 to 360 (W-NW-N) 

 

Concerning closeness to infrastructure two categories would be of interest: 

1. Inside buffer zone of 2000 meters with value of 1 

2. Outside buffer zones of 2000 meters with value of 0 

 

 



26 

 

2.4 Scenario 1  

  

This scenario considers the most suitable places or places with hardest criteria (With the higher 

suitability values). This scenario will be firstly assigned to whole Germany and because of that, 

Landeskulture that belongs to Weser-Ems will not be considered as a factor.  The reason is that upon 

consideration, the results will be affected and will be limited to only Weser-Ems area. However, 

after performing scenario for whole Germany the result are multiplied by the result of constraint’s 

multiplication from previous stage. It is supposed to achieve electricity production with regard to 

this scenario. 

 

Before assigning weight and value scales to the factors, the cells with No Data values will be 

reclassified to zero. The scale (suitability) factor and the influence in percent are assigned according 

to Table 6. Regarding the scenario, equal influence is considered for all factors, 20 percent for each.  

 

The criteria and weight are assigned due to the following explanation (See Table 6): 

1. Scale value 9 for class 1 of slope and others Restricted  

From categories belonging to this layer, the best slope class is 0-4 degrees, because of being easier 

for construction. 

2. Scale value 9 for classes 1 and 4  of aspect and others Restricted  

Since southward and flat slopes are the best, these two categories are selected and others are 

considered as restricted. 

3. Scale value 9 for class 1 of closeness and others  is Restricted because there are only two 

options. The areas out of this buffer zone considered as Restricted and areas inside the 

buffer zone of 2000 meters considered with scale value of 9. 

4. Scale value 9 for all classes of Extracted zone of 32-38-41, because importance and 

suitability of these three areas are almost the same. 

5. Scale value 9 for class 6 of Radiation and others is Restricted 

For radiation, the best range is accepted with maximum values for class 6. 
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 Table 6 Scale value and influence used for weighting process, according scenario 1 

   

In order to see the amount of possible electricity production by selected site, multiplication of these 

areas by mean factor for PV plants in Germany is performed. This factor is produced based on PV 

systems with an inclination of 30 degrees. This factor is 1.13 and it only matches with Germany's 

situation. The output unit result of this factor is kWh. 

 

2.5 Scenario 2 

Raster Influence Field Scale value Raster Influence Field Scale value 

Slope  20% 1 9 Land 

Cover 

20% 32 9 

2 Restricted 38 9 

3 Restricted 41 9 

4 Restricted ------- ----------- 

5 Restricted -------- ----------- 

6 Restricted -------- ----------- 

No 

Data 

No data No data No data 

Aspect 20% 1 9 Closeness 20% 0 Restricted 

2 Restricted 1 9 

3 Restricted No data No data 

4 9 

5 Restricted 

6 Restricted 

No 

data 

No data 

Radiation  Influence Field Scale value 

20% 1 Restricted 

2 Restricted 

3 Restricted 

4 Restricted 

5 Restricted 

  6 9 
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In this scenario, the meteorology conditions have the most important effect. Its effect in percent will 

be considered more than other factors. For this aim, influence of meteorology is considered 80 

percent and others with less effect but each with equal effect of 5 %. Scale values are as follows: 

1. Slope: influence: 5 %, scale value: 9 for 1, 7 for 2, 5 for 3, 3 for 4 , 1 for 5, Restricted for 6 

Since the slopes lower than 4, from 0 to 4, are the best situation, maximum scale value 9 was 

assigned to this range. Next value is 7 for slopes between 4 to 10 degrees and the scale values 

decrease as the situation becomes worse for PV establishment, because of the difficulties due to 

working in such an environment. 

2. Closeness: influence: 5 %, Scale value: Restricted=0, 9=1 

Only, there are two options: being or not being in that buffer area for closeness, then maximum 

value 9 is assigned to the area inside buffer zone and it is Restricted for others. 

3. Aspect: influence:  5 % , Scale value: 9=1, Restricted=2, 8=3, 9=4, 8=5, Restricted=6 

For aspect as mentioned before flat is the best and 9 is assigned to this category. Next is southward 

then southeastward and southwestward and equal scale values for other areas are Restricted. 

4. Land cover: Influence:  5%, Scale value: 9 for all categories 

Maximum scale values are assigned to these categories. 

5. Radiation: influence: 80%, Scale value: 9=6, other restricted. 

In this category, maximum scale value is for highest radiation values and so on. 

 
Sensitivity analyses of scenario 2 
 

For sensitivity analysis of second scenario, the categories remain the same as the previous scenario 

and only the scale values and weight will change as it is in table 7 (major changes are in radiation): 

Table 7 Change in steps compared to second scenario for radiation 

step 

 

Influence change %  Field value Field value Field value Field value Field value Field value 

a 0 Scale value Restricted \1 Restricted \2 Restricted \3 Restricted \4 8\5 9\6 

b 0 Scale value Restricted \1 Restricted \2 Restricted \3 7\4 8\5 9\6 

c 0 Scale value Restricted \1 Restricted\2 6\3 7\4 8\5 9\6 

d 0 Scale value Restricted \1 5\2 6\3 7\4 8\5 9\6 

e 0 Scale value 4\1 5\2 6\3 7\4 8\5 9\6 
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Two changes in the scenario characteristic are shown in table 7. First, is the changes in the 

influence compare to the original scenario. Secondly, in each step the changes in scale value 

corresponding to the field value is represented. Each step has changes comparable to scenario 2.  

For step f, the same scale value is assigned as in scenario 2, while weight of 50 percent is for 

radiation and others are equally portioned. Table 8 shows the scale value and influence used for 

weighting process, according scenario 2. 

 

Table 8  Scale value and influence used for weighting process, according scenario 2 
Raster Influenc

e 

Field Scale value Raster Influence Field Scale value 

Slope 5% 1 9 Land 

Cover 

5% 32 9 

2 7 38 9 

3 5 41 9 

4 3 ------- ----------- 

5 1 -------- ----------- 

6 Restricted -------- ----------- 

No Data No data No data No data 

Aspect 5% 1 9 Closeness 5% 0 Restricted 

2 Restricted 1 9 

3 8 No data No data 

4 9 ---------- ----------- 

5 8 ---------- ----------- 

6 Restricted ---------- ------------ 

No data No data ---------- ------------ 

Radiation 80% 1 Restricted 

 2 Restricted 

3 Restricted 

4 Restricted 

5 Restricted 

6 9 

No data No data 
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2.6 Scenario 3 
 

In this scenario, geographical parameters and infrastructure are important. Regarding infrastructure, 

closeness to cities or rural areas and economic perspective are of interest. For radiation, influence is 

5 percent and for other factors that can be considered as geographic factors, influence is around 24 

percent. 

 

1. Slope : influence: 23%, scale value: 9 for filed value1, Other  Restricted  

2. Closeness: influence: 24%, Scale value: Restricted=0(Field value), 9=1 

3. Aspect: influence:  24 % , Scale value: 9=1, Restricted=2, 8=3, 9=4, 8=5, Restricted=6 

4. Land cover: influence:  24%, Scale value: 9=32, 9=38, 9=41 and 0 to Restricted. 

5. Radiation: influence: 5% , Scale value: 4=1, 5=2, 6=3, 7=4, 8=5, 9=6 

Table 9 shows the scale value and influence used for weighting process, according scenario 3. 
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Table 9 Scale value and influence used for weighting process, according scenario 3 

Raster Influenc

e 

Field Scale value Raster influence Field Scale value 

Slope 23% 1 9 Land 

Cover 

24% 32 9 

2 Restricted 38 9 

3 Restricted 41 9 

4 Restricted 0 Restricted 

5 Restricted No data No data 

6 Restricted -------- ----------- 

No Data No data   

Aspect 24% 1 9 Closeness 24% 0 Restricted 

2 Restricted 1 9 

3 Restricted No data No data 

4 Restricted ---------- ----------- 

5 Restricted ---------- ----------- 

6 Restricted ---------- ------------ 

No data No data ---------- ------------ 

Radiation 5% 1 4 

 2 5 

3 6 

4 7 

5 8 

6 9 

No data No data 

 
Sensitivity analyses of scenario 3 

 

For the third scenario, the most effective factors are geographical factors. Especially in some of 

them,"closeness to infrastructure" is taken into consideration. Therefore, the scales for radiation are 

considered 9 for maximum value and so on. 

For this aim, the weight of geographical factors is about 23 percent and other factors should increase 

about 13 percent each. Yellow highlights show where the changes are started after step a. Tables 10 

to 14 show this changes. 



32 

 

 

Table 10 Influence and scale value for a 

 Influence%  Field value Field value Field value Field value Field value Field value 

Radiation 5 Scale value 4\1 5\2 6\3 7\4 8\5 9\6 

Land cover 24 Scale value 9\32 9\38 9\41 Restricted\0 ----------- ----------- 

Closeness 24 Scale value 9\1 Restricted\0 ----------- ------------- ----------- ----------- 

Slope 23 Scale value 9\1 8\2 Restricted\3 Restricted\4 Restricted\5 Restricted\6 

Aspect 24 Scale value 9\1 7\3 8\4 7\5 Restricted\2 Restricted\6 

 

Table 11 Influence and scale value for b 

 Influence%  Field value Field value Field value Field value Field value Field value 

Radiation 5 Scale value 4\1 5\2 6\3 7\4 8\5 9\6 

Land cover 24 Scale value 9\32 9\38 9\41 Restricted\0 ----------- ----------- 

Closeness 24 Scale value 9\1 Restricted\0 ----------- ------------- ----------- ----------- 

Slope 23 Scale value 9\1 8\2 7\3 Restricted\4 Restricted\5 Restricted\6 

Aspect 24 Scale value 9\1 7\3 8\4 7\5 Restricted\2 Restricted\6 

 

 

Table 12 Influence and scale value for c 

 Influence%  Field value Field value Field value Field value Field value Field value 

Radiation 5 Scale value 4\1 5\2 6\3 7\4 8\5 9\6 

Land cover 24 Scale value 9\32 9\38 9\41 Restricted\0 ----------- ----------- 

Closeness 24 Scale value 9\1 Restricted\0 ----------- ------------- ----------- ----------- 

Slope 23 Scale value 9\1 8\2 7\3 6\4 Restricted\5 Restricted\6 

Aspect 24 Scale value 9\1 7\3 8\4 7\5 Restricted\2 Restricted\6 

 

      

Table 13 Influence and scale value for d 

 Influence%  Field value Field value Field value Field value Field value Field value 

Radiation 5 Scale value 4\1 5\2 6\3 7\4 8\5 9\6 

Land cover 24 Scale value 9\32 9\38 9\41 Restricted\0 ----------- ----------- 

Closeness 24 Scale value 9\1 Restricted\0 ----------- ------------- ----------- ----------- 

Slope 23 Scale value 9\1 8\2 7\3 6\4 5\5 Restricted\6 

Aspect 24 Scale value 9\1 7\3 8\4 7\5 Restricted\2 Restricted\6 
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Table 14 Influence changes compare to a-d steps 

 

 

2.7 Finalization processes for Weser-Ems 

 

For calculating the corresponding area for Weser-Ems, extraction by mask must be applied. For the 

mask, the layer of possible places is used. For obtaining result, the following steps have to be taken: 

 Region function and  extraction of attribute for the counts greater than 3 

 Reclassification of outer and dominated categories to no data  

 Null function and reclassification multiplied by radiation and constant value to have a 

separate part for Weser-Ems 

 

After performing all scenarios, there is a result for suitable areas according to criteria. However, 

there remains a multiplication by the result of possible places produced with attention to ROK data 

for Weser-Ems. In addition, Landeskulture will be multiplied by the result.  Before doing this, it is 

better to reclassify the result; one for selected area and zero for the remaining parts. 

 

However, there is a limitation due to cell size of suitable areas. In this study, the minimum 

appropriate size for area is a desirable area for establishment of a one-Megawatt PV power plant. 

With regard to the area, size for a one-Megawatt Plant is 30000 m
2
. Consequently, small areas must 

Step Changes  

E Weight changing for closeness to 80% and others 5% for a 

F Weight changing for closeness to 80% and others 5% for b 

G Weight changing for closeness to 80% and others 5% for c 

H Weight changing for closeness to 80% and others 5% for d 

I Weight changing for slope to 80% and others 5% for a 

J Weight changing for slope to 80% and others 5% for b 

K Weight changing for slope to 80% and others 5% for c 

L Weight changing for slope to 80% and others 5% for d 

M Weight changing for aspect to 80% and others 5% for a 

N Weight changing for aspect to 80% and others 5% for b 

O Weight changing for aspect to 80% and others 5% for c 

P Weight changing for aspect to 80% and others 5% for d 
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be delimited. To obtain this aim, the generalization tool was used. It helps to perform some changes 

or remove the unnecessary data. It consists of some individual tools which can be used together or 

individually. 

 

One of these tools used is Region Group function. 4 is chosen for the number of neighbors. Region 

Group function records each cell in the output to identity the connected region in which it belongs to 

within the Analysis window. Each region gets a unique number.‖ (Anonymous 2008b). Furthermore, 

for better visualization, assigning unique value in property adjustment shows each of these parcels in 

one category with unique color. The reason to use this function is to distinguish between smaller and 

bigger areas and to have a separate class for each area in order to find the areas smaller than 30000 

m
2
. Then it is possible by raster calculator or other function to find the special areas in order to 

remove them. 

 

Applying the extraction by attribute function helps to separate areas, where the minimum number of 

acceptable value for the continuous cells is more than three. Therefore, reclassification for areas 

with continuous cells is applied. The Is Null function is used in order to have only class ―1‖ for cells 

with values and class ―0‖ for others.  

 

Another important issue is that sometimes there are some parcels inside larger parcels that cannot be 

separated. In order to remove these internal parcels, the Majority filter function is used. With 

multiple usage of this function, better results will be achieved. In addition, when there is doubt for 

existence of small areas, it is always better to apply filtration to be on a safe side. Figures 12 and 13 

is the result of scenarios for Weser-Ems. 
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2.8 Final operation for finding possible places  

 

 

In this part, a multiplication is required to guarantee that the possible places are yielded. Since 

Corine layer is considered as the basic and original layer, this layer participates in the multiplication.  

In Table 15, the layers participating in the multiplication is shown. The last step is to assign weight 

and working with factor or encouragers. The areas that are of interest will be considered with 

assigning different priority. By applying multi criteria analyses, the most suitable places for PV sites 

can be obtained.  Two matters should be considered. Firstly, common scale for all factors or layers 

must be assigned. Secondly, appropriate comparable weight for all layers must be thought of. 

Taking advantage of weighted overlay tools, this process can be preformed. The details of these 

operations are explained in the scenarios' section. 

 

 

 

 

 

 

 

Figure 12 Result of scenario 2 for Weser-Ems Figure 13 Result of scenario 3 for Weser-Ems 
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   Table 15 Constraint layers participating for multiplication by base map 
Figure Name Effect Region Classes 

 

Aspect_unsuitable_0.img Constraint Germany 0 =Unsuitable 

1=Other 

 

Slope_over25_0.img Constraint Germany 0=Unsuitable 

1=Other 

 

Disposal.img Constraint Weser-Ems 0=Unsuitable 

1=Other 

 

fplan.img Constraint Weser-Ems 0=Unsuitable 

1=Others 

 

landconservation.img Constraint Weser-Ems 
0=Unsuitable 

1=Others 

 

saved_area.img Constraint Weser-Ems 
0=Unsuitable 

1=Others 

 

minig.img Constraint Weser-Ems 0=Unsuitable 

1=Others 

 

water.img Constraint Weser-Ems 
0=Unsuitable 

1=Others 

 

Extraction_32_38_41.img Base Map Germany 
0=Others 

1=32,38,41 

 

Traffic Constraint Weser-Ems 
0=Unsuitable 

1=Others 
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3. Result  
 

To improve the result survey, it is better to divide it into three parts. On one side, the areas suitable 

for PV production are considered. For the other part, the amount of electricity being produced is 

investigated, if productions are planned and built on the recognized suitable sites related to this 

research. The preliminary Results for the first and second scenario related to Weser-Ems prove that 

there is not any result (selected cells) after extraction by mask. Meanwhile, this trend for the third 

scenario is different. The third category for the results is the more detailed consideration values that 

are derived from the data that became ready for final calculation and analyses. 

 

3.1 Areas suitable for PV sites 

 

Since area calculation is important for observing how much suitable areas exist for PV 

establishment, quantities of cells are multiplied by cell size.  

 Scenario 1 for whole Germany: The results indicate two classes 0 and 9 in which zero 

represents unsuitable and nine represents suitable areas. The values from attribute table are 

shown in Table 16. The result shows only 2 % suitable area. 

Table 16 Total area for scenario1-Whole Germany 

Value Count Area  Percentage 

0 42945352 429454  km
2
 98     % 

9 757656 7577     km
2
 2       % 

 

 Scenario 2 for whole Germany: The result of this scenario shows two classes in which 0 

represents unsuitable areas or restricted while another category,‖ 9‖  is the suitable area. To 

see the amount of area covered by each of these categories, we should take a look at the 

attribute table of this layer. See Table 17 for details. Tables 18 to 23 are the statistical results 

of the different steps of the scenarios. 
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Table 17 Statistical Result of data for scenario2 

Value Count Area  Percentage 

0 41613328 416133       km
2
 95 % 

9 2089680 20897         km
2
      5   % 

Table 18 Statistics result for scenario2.a 

Value 2.a Count Area  Percentage 

0 38679113 386791  km
2
 92  % 

7 1307199 13072    km
2
 3 % 

9 2089680 20897    km
2
 5 % 

Table 19 Statistics result for scenario2.b 

Value 2.b Count Area  Percentage 

0 35934517 359345    km
2
 89   % 

7 1094666 10947      km
2
 3     % 

8 1307199 13072      km
2
 3     % 

9 2089680 20897      km
2
 5     % 

Table 20 Statistics result for scenario2.c 

Value 2.c Count Area  Percentage 

0 34493219 344932      km
2
 87         % 

6 42975 430            km
2
   0.1        % 

7 1937633 19377        km
2
  5           % 

8 1307199 13072        km
2
 3           % 

9 2089680 20897        km
2
 5           % 

Table 21 Statistics result for scenario2.d 

Value 2.d Count Area  Percentage 

0 33949213 339492       km
2
 85  % 

5 107 1                 km
2
   0    % 

6 531248 5312           km
2
  1   % 

7 1937633 19376         km
2
 5   % 

8 1307199 13072         km
2
 3   % 

9 2089680 20897         km
2
 5   % 

Table 22 Statistics result for scenario2.e 

Value 2.e Count Area  Percentage 

0 33880190 338802       km
2
 85  % 

5 64830 648             km
2
   0.1 % 

6 531248 5312           km
2
  1    % 

7 1937633 19376         km
2
 5    % 

8 1307199 13072         km
2
 3    % 

9 2089680 20897         km
2
 5    % 
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Table 23 Statistics result for scenario2.f 

Value 2.f Count Area  Percentage 

0 41613328 416133  km
2
 95  % 

8 23576 236        km
2
 0    % 

9 2066104 20661    km
2
 5    % 

 

 

 Results for scenario 3: To avoid the difficulties arising from large amounts in the 

third scenario, tables 24 to 40 are presented in one part. 

 

Table 24 Statistical result for scenario3 

Value 3 Count Area  Percentage 

0 38716587 387166  km
2
 97     % 

9 1094193 10942     km
2
 3      % 

Table 25 Statistical result for scenario3.a 

Value 3.a Count Area  Percentage 

0 34469463 344695  km
2
 90  % 

8 1814103 18141   km
2
 5    % 

9 2066104 20661    km
2
 5    % 

Table 26 Statistical result for scenario3.b 

Value 3.b Count Area  Percentage 

0 33887859 338879  km
2
 85  % 

8 2289338 22893   km
2
 6    % 

9 3633583 36336    km
2
 9    % 

Table 27 Statistical result for scenario3.c 

Value 3.c Count Area  Percentage 

0 33881278 338812  km
2
 85  % 

8 2295919 22959   km
2
 6    % 

9 3633583 36336    km
2
 9    % 

Table 28 Statistical result for scenario3.d 

Value 3.d Count Area  Percentage 

0 33880190 3338802    km
2
 98   % 

7 23 0.2      km
2
 0     % 

8 2296984 22970      km
2
 1     % 

9 3633583 36336      km
2
 1     % 
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Table 29 Statistical result for scenario3.a.2 

Value 3.a.2 Count Area  Percentage 

0 33930905 339309  km
2
 85     % 

9 5879875 58799     km
2
 15     % 

Table 30 Statistical result for scenario3.b.2 

Value 3.b.2 Count Area  Percentage 

0 33887859 338879  km
2
 85     % 

9 5922921 58799     km
2
 15     % 

Table 31 Statistical result for scenario3.c.2 

Value 3.c.2 Count Area  Percentage 

0 33881278 338813  km
2
 85     % 

9 5929502 59295     km
2
 15     % 

Table 32 Statistical result for scenario3.d.2 

Value 3.d.2 Count Area  Percentage 

0 33880190 338802  km
2
 85  % 

8 2 0.02       km
2
 0    % 

9 5930588 59306    km
2
 15    % 

Table 33 Statistical result for scenario3.a.3 

Value 3.a.3 Count Area  Percentage 

0 33930905 339309  km
2
 85  % 

8 538558 5386   km
2
 1    % 

9 5341317 53413    km
2
 13    % 

Table 34 Statistical result for scenario3.b.3 

Value 3.b.3 Count Area  Percentage 

0 33887859 338879    km
2
 85   % 

7 43046 430      km
2
 0.1     % 

8 538558 5386      km
2
 1     % 

9 5341317 53413      km
2
 13     % 

Table 35 Statistical result for scenario3.c.3 

Value 3.c.3 Count Area  Percentage 

0 33881278 338813      km
2
 85         % 

6 1277 13            km
2
   0        % 

7 48350 484        km
2
  0.1           % 

8 538558 5386        km
2
 1           % 

9 5341317 53413        km
2
 13           % 
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Table 36 Statistical result for scenario3.d.3 

Value 3.d.3 Count Area  Percentage 

0 33880190 338802       km
2
 85  % 

5 2 0.02             km
2
   0   % 

6 2363 24           km
2
  0   % 

7 48350 484         km
2
 0.1  % 

8 538558 5386         km
2
 1    % 

9 5341317 53413         km
2
 13    % 

Table 37 Statistical result for scenario3.a.4 

Value 3.a.4 Count Area  Percentage 

0 33930905 339309    km
2
 85   % 

7 3165495 31655      km
2
 7     % 

8 1618378 16184     km
2
 4     % 

9 1096002 10960      km
2
 3     % 

Table 38 Statistical result for scenario3.d.2 

Value 3.b.4 Count Area  Percentage 

0 33887859 338879    km
2
 85   % 

7 3193128 31931      km
2
 8     % 

8 1633731 16337     km
2
 4     % 

9 1096062 10960      km
2
 3     % 

Table 39 Statistical result for scenario3.c.4 

Value 3.c.4 Count Area  Percentage 

0 33881278 338813    km
2
 85   % 

7 3197264 31973      km
2
 8     % 

8 1636162 16362      km
2
 4     % 

9 1096076 10961      km
2
 3     % 

Table 40 Statistical result for scenario3.d.4 

Value 3.d.4 Count Area  Percentage 

0 33880190 338802    km
2
 85   % 

7 3197949 31980      km
2
 8     % 

8 1636565 16366      km
2
 4     % 

9 1096076 10961      km
2
 3     % 

 

3.2 Production potential 

Similar to the section 3.1, there is a result for electricity production for available possible candidate 

areas. Consequently, there is only one result for first scenario and so on. Table 41 shows the 

electricity production for scenarios and sensitivity analyses. 
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Table 41 Electricity production depend on scenario1 for Germany 

Scenarios              Area         Electricity production  

Scenario 1 Germany 7577 km2 954 GWh 

Scenario 2    Germany 20897 km2 2638744 GWh 

Scenario 2.a Germany 33970 km2 4199387 GWh 

Scenario 2.b Germany 44916 km2 5485074 GWh 

Scenario 2.c Germany 53776 km2 6508393 GWh 

Scenario 2.d Germany 58658 km2 7047768 GWh 

Scenario 2.e Germany 59305 km2
 7135879 GWh 

Scenario 2.f Germany 20897 km2
 2638744 GWh 

Scenario 3   Germany 10942 km
2
 1301651 GWh 

Scenario 3.a Germany  35454 km
2
 6416272 GWh 

Scenario 3.b Germany 59229 km
2
 7126355 GWh 

Scenario 3.c Germany 59295 km
2 7134522 GWh 

Scenario 3.d Germany 59306 km
2
 7135879 GWh 

Scenario 3.a.2 Germany 58799 km
2 7073449  GWh 

Scenario 3.b.2 Germany 59229 km
2
 7126355   GWh 

Scenario 3.c.2 Germany 59295 km
2
 7134522  GWh 

Scenario 3.d.2 Germany 59306 km
2
 7135879  GWh 

Scenario 3.a.3 Germany 58799 km2 7073449  GWh 

Scenario 3.b.3 Germany 59229 km2 7126355  GWh 

Scenario 3.c.3 Germany 59295 km2 7134522  GWh 

Scenario 3.d.3 Germany 59305 km2 7135879  GWh 

Scenario 3.a.4 Germany 58799 km2 7073449  GWh 

Scenario 3.b.4 Germany 59229 km2 7126355  GWh 

Scenario 3.c.4 Germany 59295 km2 7134522  GWh 

Scenario 3.d.4 Germany 59305 km2 7135879  GWh 

 
 

Finally, Table 42 shows electricity production according to scenarios and related sensitivity analyses 

for Weser-Ems. 
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              Table 42 Electricity production with attention to different scenarios Weser-Ems 

Scenarios              Area         Electricity 

production  

2a 8           km2
 887          GWh 

2b 120      km2
 14017      GWh 

2c 190      km2
 22161      GWh 

2d 15246  km2
 1748685  GWh 

2e 304      km2
 35012       GWh 

3a 304     km2
 35012       GWh 

3b 304     km2 35012       GWh 

3c 304     km2 35012       GWh 

3d 304     km2 36020       GWh 

3a2 304    km2 35012       GWh 

3b2 304     km2
 35012       GWh 

3c2 304    km2 35012       GWh 

3d2 304    km2
 35012       GWh 

3a3 304    km2 35012       GWh 

3b3 304    km2 35012       GWh 

3c3 304    km2 35012       GWh 

3d3 304    km2 35012       GWh 

3a4 304    km2 35012       GWh 

3b4 304    km2 35012       GWh 

3c4 15246 km2 1748694  GWh 

3d4 15246  km2
 1748694  GWh 
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3.3 Result derived from the data used for analyses 

 

Some data, which were prepared for analyses in this study were part of the intermediate results for 

further studies and discussions. This has to be considered for better understanding of the domains 

and ranges examined. 

 

For data analyses, maximum, minimum and standard deviation is included. For some parts, regional 

data with a focus on Weser-Ems is taken into account. 

 

Aspect: Aspect has a range from -1 to 360 degrees. Considering these values in degree, aspect is 

calculated where e.g. -1 represents flat. Several statistical values are presented in table 43. Figure 14 

shows the diagram of distribution of aspect data. 

                                      Table 43 Statistical values for Aspect 

Count Minimum Maximum 

39837356 -1 359.95 degree 

                                        

                                              
                                            Figure 14 Diagram of distribution of Aspect data 

In the table 44, the number of cells based on defined direction and obtained from attribute table is 

shown. 

 

Table 44 Number of counted cells in defined direction 

--------------- Flat N-NE-E SE S SW W-NW-N 

Count 987388 2859913 1067884 1087404 1068713 2888037 

  

Slope: The slope has a range between 0 to 62 degrees. Statistical value together with the distribution 

are shown in the following table 45 and figure 15. 

 



45 

 

 

 

 

 

                                      Table 45 Statistical values for Slope 

Count Minimum Maximum 

39837356 0 degree 63 degree 

                                     

                                      
                                                  Figure 15 Diagram of distribution of slope data 

 

The intention is to see distribution of slopes. Therefore, 20 classes with equal intervals have been 

assigned. In Germany, two parts are differentiated. In the northern part of Germany, slopes are very 

homogenous. However, from the middle toward southern part, it starts with a fluctuation and most 

of the variations exist in the southern part. In addition, movement from Northern Germany to 

Southern part is associated with an increase in the slope. Figure 16 shows these differences and the 

histograms show classified classes of supposed parts. A notable matter for Weser-Ems is the 

variation for slopes. The slopes vary from 0 to around 14 degrees, in southeastern part.  
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Radiation: Radiation has a range between 934853 Wh/m
2
 to 1276286 Wh/m

2
. The statistical 

information is mentioned in the following table 46 and figure 17. 

 

 

                                Table 46 Statistical values for Radiation 

Count Minimum Maximum 

82720000 934,853 Wh/m
2
 1276286 Wh/m

2
 

 

                                                 
                                                                      

 

 

 

 

 

 

                                                              Figure 17 Diagram for distribution of radiation data 

 

 

Radiation data is decreasing from north to south. Only in northeast, there are some areas with higher 

values. Figure 18 with 20 classes and equal intervals confirms this expression. 

 

 

 

 

Figure 16 Differences in slope for 

different parts of Germany 
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In addition, to clarify the analysis for Weser-Ems, a more accurate review focusing on this region is 

conducted. For this purpose, by using Landeskulture layer, the radiation domain surrounding this 

area was examined to find the minimum and maximum. A maximum cell value is around 1060800 

Wh/m
2
 and minimum is around 992000 Wh/m

2
. See figure 19  for more details. The Minimum value 

is 934853 Wh/m2 and the maximum is 1276286 Wh/m2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 Classification showing radiation with 

20 categories and equal interval for with domain 

distribution for whole Germany 

Figure 19 Classification showing radiation 

with 20 categories and equal interval with 

domain distribution for Weser-Ems by 

rectangular border 
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4. Discussion and Conclusion 

 

Considering the aim of this project, in order to find the suitable places for PV plant in Germany by 

GIS, three different scenarios have been studied. These scenarios are: the extraction of areas with 

the best suitability or hardest criteria, the extraction of the area with the superior focus on 

meteorology condition, and finally the priority for infrastructure as the main factor. 

 

Examining the results for electricity production illustrates a gradual increase in suitable places, as 

well as in electricity production from stage 2 to 2e of scenario 2 (The scenario with meteorology 

condition has the most important effect). As indicated by figure 20 there is a decrease in 2.f because 

the values are the same as scenario 2, but the weight of radiation has decreased from 80 to 50 

percent. 

 

                                                           Figure 20 Chart of electricity production for scenario 2 

 

However, inspection for electricity production on account of scenario 3 (In this scenario 

geographical parameters and infrastructure are important) and its sensitivity analyses show an 

increase from scenario 3 to 3.a and 3.b. The values after 3.b remained nearly constant. It is shown in 

figure 21. In the beginning steps, there is an increase for slope ranges by assigning more slopes that 

are acceptable for weighting process. 
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                                                              Figure 21 Electricity productions according to scenario 3 

 

This process will continue to step 3.d. Nevertheless, the difference is obvious toward stage 3.b, then 

there are no noticeable differences. Other scenarios remain nearly constant and show a negligible 

effect of weights on outcomes. In the second and third scenario, a gradual increase in the production 

of electricity is observed. The reason for such change is increasing the range of acceptable values for 

each step of the scenarios. This increase in the second scenario is more significant. In situations 

where the increase is not tangible, less influence from variation among various phases in the 

scenario has emerged. In addition, in some cases it seems that the values in different sensitivity 

analyses are the same without even small differences, which suggests possible errors in the 

assumptions or the need for better definition. The reason for doing sensitivity analyses is to show its 

reflection on uncertainties. 

 

For Weser-Ems, there is a jump in the value of 2.d in scenario 2, because the added classes of 

radiation are dominant in this part of Germany. For scenario 3, changes in values have no effect on 

the results and the only fluctuation occurs in 3c4. These results indicate that the change in weighting 

has a relatively small effect on results. The result of sensitivity analyses for the third scenario shows 

no fluctuation after 3.b, although it was expected to have some variation.  This may be resulted from 

possible wrong assumptions, which can be reconsidered in the future. 

 

In table 47, the results obtained for each scenario are summarized; the area calculated with regard to 

influential variables in each scenario; the amount of electricity produced. 
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Table 47 Summary of the result 

Scenarios              Area         Electricity production  

Scenario 1    Germany 7577             km2        954         GWh 

Scenario 2    Germany 20897           km2 2638744       GWh 

Scenario 3    Germany 10942           km2 1301651       GWh 

 

Considering these values, it is concluded that the second scenario has the higher value of appropriate 

zones for PV and consequently more electricity production. In the first scenario, due to considering 

higher values as the minimum adequate condition for suitability range, less area and thus lower 

values for the electricity production are observed. In the third scenario, values are less than the 

second scenario, but much greater than what is seen in the first scenario. This difference is caused 

by infrastructure. 

 

It should be mentioned that the result of each scenario is slightly dependent upon the defined factors 

and constraints and the weights chosen. Therefore, to improve the result, some of the preparation 

can be done in a better way e.g. buffer distance around water protection area. 

 

Generally, the method used in the thesis is a relatively reliable method. However, the numerical 

result has a tolerance which is because of GIS procedures together with assumptions. Consequently, 

the numerical results can mostly be used for comparison.  

 

Concerning procedures for Radiation preparation, data correction and gap fixing are carried out with 

regard to the final size of the cells. Meanwhile, three different types of interpolation with the 

following names; Natural neighbors, Kriging and Inverse distance have been evaluated. This 

investigation was to recognize the matching approaches toward acquiring fewer fluctuations 

compared to the original data. Because the interpolation is carried out in the intermediate level, the 

quality of results is justified by comparing the statistical value of the results and comparison of the 

ranges e.g. Minimum, Maximum, Mean and Standard deviation.   

 

Finally, the sensitivity analysis is performed to help to optimize weighting process for parameters. 

Moreover, providing a better understanding of the effect of change in the results was expected. 

 

In this study, both theoretical and technical potential for photovoltaic is calculated and GIS 

procedures and analysis to calculate theoretical potential and from theoretical to technical potential 
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were explained explicitly. Furthermore, high resolution calculation for technical potential of 

renewable sources like PV in special areas like urban area requires more structured data e.g. 

information about buildings provided by municipalities and can be an open topic for further studies. 

 

Using GIS in this study, the capabilities of processing and managing data about renewable sources, 

which are dispersed and spatially spread were investigated and successfully evaluated as a reliable 

platform for analyses in regional and national scale. 
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