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Abstract 

The utilization of renewable energy and solar energy in specific is rapidly increasing in Japan. This research, it is 

proposes a method to find the most efficient angle and direction for the solar radiation when the solar power is 

introduced by using Geographic Information System (GIS) in Kitakyushu city, Fukuoka Prefecture as an example. 

The results revealed that the south facing angle of 25 degrees is the most efficient angle on the solar power for 

Kitakyushu city, Fukuoka Prefecture, Japan. The results are promising and required for the best utilization of solar 

energy in Japan. The method is applicable anywhere in the world with the availability of GIS data access. 
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1. Introduction 

Recently, there has been a growing focus on renewable energy as a solution for the aggravating fossil 

fuel depletion and global warming. Especially, as the solar power can be introduced in many places and 

the maintenance of the solar system is uncomplicated. Introduction of the solar power is rapidly 

increasing in recent years among the renewable energy.  

Geographic Information System (GIS) is known as a tool which can describe the state of ground 

surface. GIS has continued to steadily develop technology, spatial data, new business and science in many 

developed countries such as the United States and Europe from 1996 [1]. GIS deals with data referenced 

by spatial or geographic coordinates [2]. GIS is mainly used in civil engineering. This is reason why 

considered that GIS is promoted by Land, Infrastructure and Transportation Ministry and Geospatial 

Information Authority of Japan. For example, GIS is used to manage structures such as roads, tunnels, 

bridges in the national and local government [3]. 

This research performs the solar power simulation system by using GIS and Digital Surface Model 

(DSM).This paper uses this system to grasp and evaluate the locations of solar power introduction. DSM 

is the elevation data that has height information of buildings and trees. Nearly real 3-D model is made by 

using DSM [4]. Thus, this research can evaluate a location of the solar radiation amount by considering 

the shadow of building and trees based on the DSM data [5], [6]. 

This paper verifies the most efficient angle and the direction of the solar radiation when installing a 

solar power by using GIS in Kitakyushu city, Fukuoka Prefecture, Japan. 
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2. Solar Radiation Amount Analysis 

When solar radiation that came from the outer space breaks into the atmosphere, it is affected by the 

absorption and diffusion with the atmosphere material. In addition, a part of the solar radiation that came 

from the outer space reflected by the surface of the earth and an atmospheric material is returned in the 

outer space. The conceptual diagram of the solar radiation balance in the atmosphere is shown in Fig. 1. 

 
Fig. 1. Solar radiation balance in the atmosphere. 

The solar radiation to reach directly the surface of the earth from the sun is called the direct solar 

radiation [7]. On the other hand, solar radiation reflected by the atmosphere and clouds is called the 

diffuse solar radiation [7]. All of the solar radiation falling on the surface of the earth is called the global 

solar radiation. The solar power generation is affected by global solar radiation .The global solar radiation 

which contains the reflection from the ground surface is shown in equation (1) [8]. 

GSR=DSR1+DSR2                                                                                                                                 (1) 

where, GSR is the global solar radiation, DSR1 is the direct solar radiation, DSR2 is the diffuse solar 

radiation. In general, the global solar radiation is the sum of the direct solar radiation and diffuse solar 

radiation which contains the reflection from the ground surface as shown in equation (1). The direct solar 

radiation is the most component in the global solar radiation. Then, the diffuse solar radiation is the 

second most component in the global solar radiation. The percentage of reflecting solar radiation is small 

excluding very high reflectivity surface such as snow surface. In other words, the global solar radiation 

analysis of solar radiation which does not contain the reflection from the ground surface is shown 

equation (2). 

GSR=DSR1+DSR2                                                                                                                                 (1) 

3. Analysis of Solar Radiation for the Virtual Surface  

This section shows the way to represent the analysis of solar radiation for the virtual surface. 

3.1 Creating a virtual surface 

This research made a surface with eight directions by using Arc Map of GIS. Each angle of the surface 

is set 5 degrees of the interval from 0 degrees to 85 degrees. This paper made a virtual surface based on    

Fig. 2. 
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Fig. 2. Virtual surfaces creation (north, south, west and east) 

 

Virtual surfaces were created by entering a value of the height from point 1 to point 9 at Fig. 2. This 

paper used relative displacement ArcMap’s function to create surfaces facing southeast, southwest, 

northeast and northwest. Fig. 3 shows that the result using a function of relative displacement ArcMap in 

Fig. 2. 

 
Fig. 3. Virtual surfaces creation (southeast, southwest, northeast and northwest) 

 

Similarly, virtual surfaces were created by entering a value of the height from point 1 to point 9 at   Fig. 

3. In this process, a virtual surface with eight directions is created. Fig. 4 shows the surface 45 degrees 

with the east as example. 

3.2 Simulation result 

This paper carried out the analysis of solar radiation to the virtual surface. This paper set parameters as 

shown below in order to perform the analysis of solar radiation, 

・Radiation parameter：UNIFORM_SKY 

・Scattering rate  ：0.3  

・Transparency ：0.5  

・Period ：One year   

UNIFORM_SKY is used in the homogeneous scattering model. The diffuse solar radiation reaches the 

earth from all directions of the sky and does not change. The scattering rate is the ratio to be scattered in 

global standard of solar radiation. The range of values is 0~1. This value must be set by considering the 
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condition of the atmosphere. In general, it becomes 0.3 in the case of sunny. The transparency is the 

average of the entire wavelength of the amount of solar radiation that passes through the atmosphere. The 

range of value is 0~1. In general, it becomes 0.5 in the case of sunny. First, the above parameters were set 

to consider the solar radiation only from the solar orbit.  Fig. 5 and Fig. 6 shows the results of the solar 

radiation analysis on the virtual surface.

Fig. 4. The surface 45 degrees with the east.

Fig. 5. Angle and direction solar radiation (east, west, south, north).

Fig. 6. Angle and direction solar radiation (southeast, southwest, northeast, northwest).

In south, the solar radiation increased from 0 degrees to 25 degrees then it decreased since 25 degrees. 

In east and west, it increases from 0 degrees to 5 degrees, and it decreases since 5 degrees. In north, it 

decreases since 0 degrees. In southeast and southwest, they change similarly to the south. In northeast and 

northwest, it decreases since 0 degrees. Then, Fig. 7 and Fig. 8 shows the percentage of the maximum 

value is 1.46[MWH/m2] at a south-facing to 25 degrees. Fig. 9 shows the figure represented the eight

directions.
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Fig. 7. The amount of solar radiation ratio and the angle and direction (east, west, south, north).

Fig. 8. The amount of solar radiation ratio and the angle and direction (southeast, southwest, northeast, northwest).

Fig. 9. The amount of solar radiation ratio and the angle and 8 direction.

Fig. 7, Fig. 8 and Fig. 9 show that the angle of the from 0 degrees to 50 degrees ,angle of the southeast 

and southwest from 0 degrees to 5 degrees,and angle of the east and west from 0 degrees to 15 degrees can 

obtain 90% of the maximum solar radiation.

4. Conclusion

This research proposes an index for evaluating the amount of the solar radiation of surface facing the 8 

direction in Kitakyushu city, Japan. From this result, it was clear that the most efficient angle for the solar 

power is the south-facing and 25 degrees. Since this paper has created a virtual surface in 5 degrees

intervals, more detail analysis between 20 and 30 degrees of facing south is required. 

In addition, the relationship between the amount of solar radiation with the angle and the direction is 

found. If solar panels are unable to be installed for receiving the maximum solar radiation, it is suggested 

that the other directions in which more over than 90% maximum of the solar radiation can be gained. 
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