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ABSTRACT: 
The United Nations climate report discloses that saving the climate is to make greater use of renewable energy resources. On the top 
of this list are photovoltaic systems generating the power from sunlight reliably and without any impact on the environment. To 
optimally exploit these advantages the photovoltaic systems must be properly located and oriented in the environment to meet the 
required specifications (insulation time, area orientation, legislation data, static and/or dynamic power network etc.). To 
economically justify the use of the photovoltaic systems the geomatic was applied in the decision making process. Slovenia has in 
last 15 years systematically built up the system of national geoinformation infrastructure which is widely used in governmental and 
private sector for different thematic and project oriented applications. This contribution would like to show the application of the 
standard national geomatic infrastructure data base in the photovoltaic domain. The use of the data bases such as insulation, digital 
elevation model, digital orthophoto, land cadastre and land register, cadastre of buildings, cadastre of public infrastructure facilities 
and environmental spatial protection plans is described in detail indicating their role in the optimization process. The entire process 
is supported with practical examples including the technical and economical components. 
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1. PREFACE 

1.1 Solar energy 

The solar illumination radiation of Slovenia was elaborated by 
the quasi-global radiation model. Solar energy depends on the 
incidence angle (astronomical and terrain conditions) and on the 
duration of solar radiation. The annual global and quasi-global 
radiation energy was calculated as the sum of all energies over 
all decades. (Figure 1) 
 
 

 
Figure 1. Energy of annual global radiation in Slovenia 
 

1.2 Photovoltaics 

Photovoltaics is a solar power technology that uses solar cells 
or solar photovoltaic arrays to convert sunlight directly into 
electricity. Photovoltaics is also the field of study relating to 

this technology and there are many organizations devoted to 
work on photovoltaics. The manufacture of photovoltaic cells 
has expanded dramatically in recent years. Mostly the 
installations are grid-tied, ground-mounted or building-
integrated. (Figure 2)     
 
 

 
 

Figure 2. Ground-mounted and building-integrated photo-
voltaic arrays 

 
1.3 Geomatics infrastructure 

In last 15 Years Slovenia has build up numerous 
geoinformation infrastructure databases ranging from  property 
registers, technical infrastructure databases and various registers 
to support the management of the real estates. The entire geo-
infrastructure follows international standards and is 
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governmentally owned. Figure 3 shows few examples of 
geomatic databases. 

 
 

 
 

Figure 3.   Land cadastre, cadastre of buildings, digital terrain 
model and its optional derivatives (slope inclination 

and orientation), DOF 
 
 

2. LEGAL BASICS 

The basics for the realisation of entire European Union climate- 
energy package of measures (worth 60 billion €) are action 
programmes which have to be ratified by national parliaments. 
In this context Slovenia will have to increase the part of 
renewable energy resources by 2022 from 16% to 25%. This 
way European Union will decrease the external dependence 
from oil and gas and essentially increase energy security. 
 
One of the most important alternative sources of energy is 
photovoltaic which essentially contributes to friendly European 
environment.  
 
 

3. PROBLEM DEFINITION 

In order to identify the necessary geoinfrastructure databases, 
the entire process of operational photovoltaics had to be defined. 
The process comprises 2 steps. In the first run the estimation of 
the entire technical feasibility and economical investment are 
elaborated. 
 
If the estimation is positive then the second run is realised 
which brings the project to the operational production of 
electrical power. 
 
This paper has the intention to show how the geomatics is used 
in the first run in order to produce reliable technical and 
economical results for later actual execution of the project. The 
following abbreviations are used in the process diagram for the 
geo databases: 

- solar illumination radiation – SIR 
- land cadastre and land register – LCLR 
- cadastre of buildings and land register – CBLR 
- environment protection plan – EPP 
- public infrastructure – PI 

- digital terrain model – DTM 
- digital orthophoto - DOF 
- topographic data / buildings - TDB 

 
Figure 4 shows the process diagram of the photovoltaic project 

and identification of the geomatic databases. 
 
 
    Photovoltaic process                            Identified databases 

 
 

Figure 4.  Photovoltaic process and geomatic databases 
 
 

4. DETERMINATION OF COMPONENTS 

4.1. Determination of the object 
 
The object under consideration is determined either from land 
cadastre or from cadastre of buildings with necessary attributes. 
The ownership is identified from land register. 
 

 
 
Figure 5.  Determination of the object (cadastre of buildings 

with DOF, selected attributes from cadastre of 
buildings and land register) 
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4.2. Determination of the solar radiation 
 
The solar radiation is determined from the solar radiation 
database. Solar radiation is determined in MJ/m2/year. It 
depends on the location of the object in the particular radiation 
zone. Medium values for those 4 zones are varying from 3700 
to 4500 MJ. 
 

  
 
Figure 6. Solar determination radiation regions (alpine, dinaric 

mountain, panonian basin and Mediterranean region),  
  
4.3. Area of the object 
 
In case of the parcel, the area is determined directly from land 
cadastre. If the object is building the area of the roof is 
determined directly from cadastre of buildings or by counting 
the pixels (0,5m x 0,5m) in digital orthophoto. In both cases the 
area has to be corrected by the inclination factor. 
 

 
 

Figure 7. Area determination 
 
4.3.  Azimuth 
 
Azimuth determination for parcels is determined by digital 
slopes orientation database. 
 

 
 

Figure 8. Azimuth determination for parcel 
 
The azimuth of the roof can be determined through computation 
based on the measured coordinates of the relevant points on the 
roof. Due to simplicity the azimuth in the operational 
photovoltaic system is defined just by overlaying a compass 
based diagram on the displayed object. The reading is recorded 
manually.  
 

 
 

Figure 9. Azimuth determination for object 
 
4.4. Inclination 
 
Inclination of the roof is determined by using formula 

a
btg =α  

 
 
where    b = roof height obtained from the cadastre of buildings 
              a = horizontal component of a steep, measured from 

DOF 
 

 
 

Figure 10. Inclination determination 
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4.5. Determination of solar energy for the object 

To properly estimate the effect of inclination angle and azimuth 
the relevant diagram was generated for northern latitude of 45 
degrees. The diagram defines the approximate percentage areas 
of solar energy in dependence of inclination and azimuth. 
 
 

 
 
Figure 10.  Solar energy as the function of inclination and 

azimuth 
 

Now, the total solar energy on the object can be computed as 
follows: 

IAAreaSESEtotal ⋅⋅=  
 
 
where    SEtotal = Total solar energy [KW/day] 
              SE = Solar energy in Slovenian zone [KW/m2 /day] 
              Area = area of the object [m2] 
              IA =   Solar energy as the function of inclination and 

azimuth [%]  
    
 

With determined SEtotal it is now possible to estimate the 
economic viability of the potential solar power plant. If the 
result is positive further computations take place regarding 
technicalities of the entire project. If, again, the results are 
positive the actual elaboration of solar power plant takes place 
having all necessary economic, legal and technical implications.    
 
 

5. SYSTEM OPERATIONALITY 

The main goal of this project was to equip the photovoltaic 
engineers with fast and reliable tool to estimate the 
economically viable conditions for potential solar power 
exploitation. More detailed computations are made during 
project documents preparation. Therefore the operations are 
kept as simple as possible allowing effective relevant 
computations (the entire process requires at max 10 minutes). 
On the other hand the geoinformation infrastructure proves to 
be extremely usable especially in the domain of time and costs 
savings. 
 
 

6. FUTURE DEVELOPMENTS AND RECOMMEN-
DATIONS 

It must be emphasized that the described application of the 
geomatics is one of many being already operational. These are 
ranging from communities to enterprises management, support 
to water and energy supply, environment protection and many 
others. But as the rule of thumb we have to bear in mind that 
potential applications will only be successful if the user 
processes are clearly defined allowing optimal use of geomatics. 
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