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Abstract 

In this paper, to optimize the kind and capacity of renewable energy installed in each area, 

an optimization program was developed using a simple genetic algorithm (GA). In the proposed 

algorithm, the kind and capacity of renewable energy was expressed using a chromosome model. 

The most efficient and economical system could be identified by applying the model in a random 

computer search. A case study was developed to test the proposed algorithm. In the case study, 

a solar power station was installed near 14 cities in Hokkaido, Japan, and a wind power station 

was installed seven areas. Using the algorithm, the system planning requirements for the 
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interconnection of these renewable energy facilities over a large area were optimized. On the 

basis of these results, the kind and capacity of renewable energy considered to be the most 

economically advantageous to the region were identified and evaluated. Using the proposed 

optimization algorithm for planning and design, an efficient, economical, and interconnected 

system of electrical power could be realized from renewable energy over a large area.  

 

Key Words: renewable energy, power grid， interconnection, arrangement optimization, power 

stabilization 

 

1. Introduction 

To expand controls on the discharge of greenhouse gases and the use of safe power sources, it 

is necessary to encourage the interconnection of a large quantity of renewable energy in 

commercial electric power networks. However, the cost of equipment for backup power supply 

and energy storage for stabilizing fluctuations in power output is a vital concern in the 

renewable energy industry. Many studies have reported on techniques for controlling and 

stabilizing power fluctuations in renewable energy [1-9] along with methods for backup power 

supply [10-15]. Furthermore, new technologies for optimizing energy management and 

operational planning [16-19], and microgrid based on extensive introduction of renewable 

energy [20-22] have also been investigated. In general, a change in the power output of several 

minutes or less is defined as a cyclic fluctuation, e.g., a change in weather. A change in power 

output from several minutes to about 20 minutes is defined as a fringe fluctuation, e.g., a change 

in the relative position of the sun. Finally, a change in power output exceeding 20 minutes is 
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defined as a sustained fluctuation, e.g., seasonal changes in weather patterns that affect the 

output of solar or wind energy facilities. In the case of wind power, a cyclic fluctuation may be 

a change in wind speed, a fringe fluctuation may include changes in wind direction from morning 

to evening, and a sustained fluctuation may include seasonal changes in the direction and speed 

of prevailing winds [23-28]. 

When solar and wind power generation facilities are interconnected over a large area, 

fluctuations in the power output of one facility may be offset by the sustained output of another 

[29, 30]. For example, when two or more solar power stations that are located several kilometers 

apart are interconnected, the cyclic fluctuation of each power station can be smoothed [29]. 

Moreover, when wind power stations located in areas with different wind speed characteristics 

are interconnected, fringe and cyclic fluctuations can be smoothed [30]. Therefore, when solar 

and wind power stations are installed in a large area and interconnected at a suitable rate, a 

wide range of potential power fluctuations (cyclic to sustained) can be smoothed. Moreover, when 

power output is smoothed by interconnecting renewable energy facilities over a large area, the 

cost to stabilize the supply of electricity can decrease significantly. However, to achieve this goal, 

it is necessary to clarify the type and rated capacity of the renewable energy facilities. Therefore, 

the objective of this study was to develop a computer algorithm that identifies the most 

economically advantageous power source when solar and wind power stations are 

interconnected over a large area. In the proposed genetic algorithm (GA), many power sources 

with nonlinear characteristics and variables can be managed [31-34]. The GA offers a method of 

conducting random computerized searches with high efficiency. It can identify solutions for 

optimizing power output in which industrial applications are possible. When the algorithm 
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optimizes the configuration of renewable energy facilities based on economical efficiency, it 

reflects the characteristics of climatic conditions and demand for electricity in each area. As a 

result, the findings of this study can contribute toward the planning and designing of renewable 

energy power generating systems that are interconnected over large areas. 
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Fig. 1  The proposed power supply network for the interconnection of renewable energy facilities 
over a large geographical area
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2. System Scheme 

2.1 Distributed power supply network 

Figure 1 shows an example of the proposed power supply network for the interconnection of 

renewable energy facilities over a large geographical area. In the example, solar and wind power 

stations are installed in Areas A and B, respectively. In addition, a Controllable Power Source 

of Output Power (CPS) backup power station is installed. Power consumption in Area A (Power 

demand A) is supplied by solar power station A and wind power station A, while power 

consumption in Area B (Power demand B) is supplied by solar power station B and wind power 

station B. The electrical power grids in Areas A and B are connected through an interconnection 

device, and have the potential to reach areas located farther away. Electrical power from the 

proposed system can be supplied to other areas through the electrical power grids. Furthermore, 

the CPS provides a reliable supply of backup power to offset periodic fluctuations in renewable 

energy power output. 

 

2.2 Electrical supply and demand of the proposed system 

2.2.1 Supply and demand characteristics of each area 

A solar power station and wind power station are installed for supplying electricity to one 

area. When power output exceeds demand, electricity remains in the area; surplus electricity 

can be supplied to other areas or the interconnection of some power sources is removed. On the 

other hand, when demand for electricity exceeds power output, surplus power can be transferred 

from other areas or from the CPS. Although thermal power or hydroelectric power are assumed 

to be the sources of energy for the CPS, cost corresponds to the production of electricity. In this 
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study, the pattern of supply and demand for electrical power is applied to all the areas in the 

electrical power system. The capacity of solar power stations, wind power stations, and the CPS 

is optimized. This, in turn, minimizes the cost of delivery through power interchanges between 

areas and results in an economical and efficient power distribution system. 

 

Fig. 2  The amount of global solar radiation received by 20 global solar radiation meters [29]
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20 photovoltaics of the same rated capacity is installed.
Red curve is the interconnection of all the photovoltaics.

 

 

2.2.2 Control of power fluctuations by interconnection of renewable energy facilities 

Figure 2 shows the amount of global solar radiation received by 20 global solar radiation 

meters [29]. Each colored curve represents the test results from one of the 20 meters. The red 

curve represents the total power output of all the 20 meters at any given time during the test. 

The maximum power fluctuation at any one of the meters was approximately 70% of the rated 

power in 10 seconds. However, when all the 20 meters were interconnected, power fluctuations 

were reduced to 20% or less of rated power. The effect was to smooth the cyclic fluctuations in 

power output to less than 10 seconds.  
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The rate of output fluctuation of wind power generation was defined by the ratio of output 

fluctuations to installed capacity, as shown in Eq. (1). When the amount of interconnection of 

wind power generation was increased, the rate of fluctuation decreased because of leveling; 

however, the amount of fluctuation increased. The reason for this increase was the similarity in 

climatic conditions at various facility sites, even when they were located hundreds of km apart. 

As the correlation between site climatic conditions increased, fluctuations increased 

proportionally. The fringe fluctuation resulting from the interconnection of wind power 

generation facilities was 23% of the rated power [30]. 
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3. Analysis Method 

3.1 Electrical power balance 

Equation (2) shows the power balance equation for the proposed system. The left side of the 

equation contains each term of power supply, and the right hand side contains each term of 

power consumption. Power supplies include solar power stations, wind power stations, 

supplemental power from other areas, and a CPS. Power consumption includes electrical 

demand of the area, transmission of power to other areas, and power loss. In Eq. (2), the power 

transmitted to Area m  from Area i  is expressed by mitpp  , , and milossp  ,  shows 

transmission loss. Because all power generation facilities in the area are interconnected through 

the power grid, it is necessary to satisfy the power balance for the entire proposed system. 
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3.2 Cost analysis 

Equations (3) and (4) represent the equipment and fuel costs of the proposed system, 

respectively. The cost 
pvC , 

wpC , cpsC  of each type of equipment is obtained by multiplying the 

rated capacity V  by the equipment unit price u . Moreover, the fuel cost is obtained by 

multiplying fuel consumption cpsv  of the CPS by the unit fuel price 
fuelu  and the operating 

period periodN . Because the power generation efficiency of a power source changes with load factor, 

the fuel consumption cpsv  is calculated using the rated power cpsV  and the mean power 

generation efficiency cps  during the operating period. In the equation, t  and t  represent 

sampling time and sampling time intervals, respectively. 
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3.3 Transmission loss 

The loss of power during transmission between areas is the product of the amount of power 

transmitted mitpp  , , the transmission distance mil  , and the loss factor loss , as shown in Eq. 

(5). 
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When delivering electrical power ittpp ,,  from Area i  to another area, the cost of delivery 

using the delivery unit price dvu  is calculated by Eq. (6)  

 

 

3.4 Analysis procedure 

3.4.1 Objective function 

Equation (7) is the objective function of the proposed system, which is expressed as the sum 

of the equipment cost equipmentC , fuel cost periodfuelC , , and the cost of delivery periodtpC ,  to other 

areas. In the equation, the system configuration represents the minimum optimal solution for 

the proposed system. 
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characteristics can be simultaneously optimized. Therefore, the analysis will depend on the GA, 

which can simultaneously analyze many nonlinear variables. 
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3.5.2 Optimizing analysis using the genetic algorithm 

(1) Chromosome model 

Figure 3 shows the chromosome model introduced into the GA. An individual, as shown in Fig. 

3(a), consists of groups of chromosomes representing the power output of all the renewable 

energy facilities in an entire area. A chromosome consists of two-bit gene clusters of 0 and 1, as 

shown in Fig. 3(b). Several individuals are randomly generated by a computer, and the adaptive 

value of each individual is calculated. The individual that satisfies the value of the objective 

function, Eq. (7), is identified as a solution with high adaptive value. The individual with high 

adaptive value is proliferated and the individual with low individual is selected (selection 

operation). Genetic manipulation of individuals is repeated and an individual with the highest 

adaptive value is identified as the optimal solution by the final generation. The rated power of 
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solar or wind power stations to serve the area is determined by decoding chromosomes for the 

optimal solution. Details of the analysis flow are provided below. 

 

Fig. 4  The analysis flow of the proposed algorithm

Individuals are sorted in order with fitness value

Results of installed capacity of the distributed power supply, 
equipment cost, fuel cost and transmission loss by a wide 

area interconnection of renewable energy are obtained

Rate of individuals of high ranking is made to 
increase (multiplication)

An individual with the highest ranking is decided as optimal 
solution

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(p)

(i)

(j)

(k)

(l)

(m)

(n)

(o)

Generation of initial individual group (output ratio of solar 
power station and wind power station in each area)

Generation number

Number of individuals

Sampling time in a representative day

Calculation of power production of solar power station,  
wind power station, and CPS

Calculation of the quantity of power transmission and 
transmission loss through each power grid

Calculation of fuel cost

Calculation of electricity balance

All generation numbers ?

Gene manipulation (intersection and mutation) is given to 
chromosome models based on the probability given beforehand

(q)

(r)

(s)

All sampling time in a representative day ?

All individuals ?
No

No

No

Calculation of equipment cost

Calculation of objective function (fitness value)

Input of meteorological data (global solar radiation, wind 
speed), demand of electric power, equipment unit price, 

fuel unit price, efficiency of CPS, parameter of GA, 
length of a power grid, .

 

 

(2) Flow of the analytic algorithm 

Figure 4 shows the analysis flow of the proposed algorithm. Initial data, assumptions, etc. are 

identified in step (a), and several initial chromosome models (individuals) are randomly 
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prepared in step (b). By repeating the calculations in steps (e) through (j), the power output of 

the solar or wind power stations derived with the chromosome model is inserted into the power 

balance Eq. (2). For every sampling time, the power generated by the CPS, power transmitted 

over interchanges, and transmission loss ((Eq. (5)) are calculated in steps (f) through (h). For 

every sampling time, fuel consumption of CPS is calculated in step (i) using Eq. (4). The 

calculations in steps (e) through (j) are conducted for all the individuals ((d) through (m)), and 

the cost of equipment for each individual is calculated in step (k) using Eq. (3). The high adaptive 

individuals are then sequentially arranged by value in step (n). Next, in step (l), the objective 

function is calculated using Eq. (7) and the adaptive value of all the individuals is determined. 

In step (n), individuals are again sequentially arranged by adaptive value.  

Step (o) is a selection operation in which an individual group with high adaptive value is 

increased, and the group of low individuals is selected. In step (p), the crossover and mutation 

operations are added to some chromosome groups, and the diversity of the chromosome model 

group is maintained as much as possible. In the crossover operation, two parent chromosomes 

are extracted, each containing a solar and wind power station in an individual according to the 

probability given previously. The gene cluster in front and behind the random gene in the parent 

is replaced. Mutation is initiated by reversing the random gene in a chromosome according to 

the probability given previously. 

Calculations in steps (d) through (p) are repeated according to the generation number given 

previously ((c) to (q)). As an optimal solution in a final generation’s chromosome group, an 

individual with the highest adaptive value is extracted. By decoding the gene in the chromosome 

of the optimal solution, the following are obtained: power output capacity of the solar and wind 
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power stations for the entire area, power output capacity of the CPS, amount of fuel consumption, 

amount of power transmitted through interchanges, and transmission loss. 

Fig. 5  The principal cities in Hokkaido, Japan and their annual energy demand. Hokkaido
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4.  Example for Analysis 

4.1 Electrical power system 

4.1.1 The Hokkaido electrical power system 

Figure 5 shows the principal cities in Hokkaido, Japan and their annual energy demand. 

Hokkaido is spread over an area of 83,450 km2 with a population of 5,460,000 and 2,720,000 

households. The climate of Hokkaido is generally cold. The difference between summer and 
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winter temperatures is large, and the region experiences heavy snowfall. Approximately 81% 

Hokkaido’s population resides in the city numbered 1 to 35 shown in Fig. 5. Considering the 

weather characteristics and population distribution of Hokkaido, each city can be assigned to 

one of the seven areas, indicated within the green lines as areas A to G. 
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Fig. 6  The amount of global solar radiation and the mean wind speed for each Area
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Figure 6 shows the amount of global solar radiation and the mean wind speed for each Area 

[35, 38]. As shown in the figure, global solar radiation is the highest from May to August, and 

the lowest in the winter months of November to February. In contrast, mean wind speeds are 

the highest during the winter months and the lowest in the summer season (July and August). 

Therefore, when solar and wind power stations are installed in the most suitable areas of 

Hokkaido, output fluctuations can be offset throughout the year. 

 

4.1.2 Electrical demand 
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Figure 7 shows the total daily (24-hour) electrical demand for the seven areas of the Hokkaido 

region in February, June, and August. The power demand shown in the figure represents the 

sum total of the past electrical supply by an electric power utility [37] and the power demand of 

heat pump [38, 39]. Electricity for the entire Hokkaido region is currently supplied by an electric 

power company (Hokkaido Electric Power Co. Ltd.). In 2011, the company’s portfolio of power 

sources included nuclear power (44%), thermal power (39%), hydroelectric power (15%), and 

renewable energy (2%).  
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4.1.3 The Hokkaido power grid 

Figure 8(a) shows the current power grid for the Hokkaido region. Two or more large cities 

and industrial areas are included in Area A. In addition, one nuclear power station and at least 

two large-scale thermal power stations are currently located in the area. Only a small amount 

of renewable energy (2%) has been developed.  

Figure 8(b) shows the seven areas selected for analysis (A through G) in this study. Within 

these selected areas, 14 cities (A through N) are identified as having existing solar or wind power 

stations. Solar power stations have been installed in all the cities (A through N). Wind power 

stations are installed in cities A, E, F, G, I, J, and M. In this study, the rated capacity of the 

renewable energy and CPS power sources and the cost of electrical delivery for solar and wind 

power between each area are clarified. 
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4.2 Distribution of renewable energy 

4.2.1 Interconnection of solar power stations 
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Figure 9 shows 24-hour data for the amount of global solar radiation in Sapporo (City E) 

during February, June, and August [35]. When the existing solar power station installed in the 

range of several km is interconnected, as described in Section 2.2.2, the cyclic fluctuation of 

global solar radiation will be controlled to 20% or less of the rated power for less than 10 seconds. 

Therefore, this study utilizes random fluctuations of ±20% per 10 seconds. Global solar radiation 

with random fluctuations for cities A to N is shown in Appendix A. The conversion efficiency of 

solar cells used in the analysis was 18%. 

 

4.2.2 Interconnection of wind power stations 

A hypothetical wind power generator with the power curve shown in Fig. 10 is installed in 

each area. When numerous wind power stations arranged in the range of hundreds of km were 

interconnected, fringe fluctuations were 23% of the rated power. Therefore, for the purpose of 

this study, 23% of random fluctuations occur within 20 minutes. This result was used as the 

output pattern [36] for wind power generation. 

 

4.3 Assumptions for the analysis  

4.3.1 Pattern of electrical demand 

The electricity demand pattern of cities A through N in Fig. 8 (b) is given in consideration of 

the population and space heating load of each city. 
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4.3.2 Cost of electrical power generation and delivery  

This study used data from the Japanese government on generating costs (predicted values in 

2030) [40] for various kinds of power sources. The power generation unit prices derived from 

that data are shown in Table 1. This study estimated the economic efficiency of the proposed 

system by introducing the values listed in Table 1 into Eq. (8).  

The delivery costs in Table 1 refer to the example of a Japanese electric power company [41]. 

Although this study assumes that a liquid natural gas (LNG) combined cycle facility is the CPS 

backup supply; mean efficiency was estimated to be 30% considering partial loads during the 

operating period. 
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Fig. 11  Output of wind power generation of a representative day in each area   
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Table 2  Parameters of genetic algorithm

Number of chromosomes
Generation number
Interval of sampling time
Probability of cross-over 
Probability of mutation 
Selection
  Individual with the maximum of adaptive value
  Individuals with the 2nd to 5th place of adaptive value

3000
500
60 sec
20 %
20 %

15 % in all the individuals
5 % in all the individuals

Table 1  Analysis conditions

CPS (Controllable Power Source of Output Power)
  Generating cost
Photovoltaics
  Generating cost
Wind power generator
  Power curve
  Generating cost
Delivery cost of electricity

Natural gas combined cycle
110 USD/MW

190 USD/MW

Fig. 12
130 USD/MW
38.1 USD/MW

 

 

Fig. 13  Analysis results for optimal operational planning using dummy data
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4.3.3 Parameters and adaptive value of the GA 
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The parameters used for the GA are shown in Table 2. The values were determined by trial 

and error and extensive analytical calculations. Equation (8) evaluates economic efficiency. The 

objective function (adaptive value) uses Eq. (9) based on the objective function ((Eq. (7)) 

described in Section 3.4.1. 

 

 

5. Results of Analysis 

5.1 Operational analysis using dummy data 

In this example, the power output of the solar power station and the wind power station was 

supplied to the power grid, as shown in Fig. 8(b). Then, the optimization analysis described in 

Section 4 was conducted. In this example, meteorological data and the complex load pattern of 

each city in the Hokkaido electric power system were used to estimate power output from the 

distributed renewable energy. Analysis of the results for optimization using the various data 

was difficult. Therefore, to investigate using the proposed analytic algorithm, simple dummy 

data for the output power of renewable energy and load patterns was provided. 

Figures 12(a) and (b) show output and load patterns of the wind power station used for the 

analysis. The power output pattern for representative days in February was based on the wind 

power station installed in Nemuro (Fig. 11(b)) in Area B. On the other hand, assuming the 

demand of Area A or B, the load provided a steady state value, as shown in Fig. 12(b). Figure 

13(a) shows the results when a case load occurs in Area A, and Fig. 13(b) shows the results when 

a case load occurs in Area B. When the power source and load are separated ((Fig. 13(a)), only 

periodtpperiodgensystem CCF ,,   (9)
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the CPS is planned. The reason is that the generation cost of the CPS is less than the renewable 

energy and delivery cost for transmitting electrical power from Area B to Area A. On the other 

hand, Fig. 13(b) shows results of the case in which the power source and load are in the same 

area. Although the generating cost of renewable energy is higher than the CPS (because there 

is no interchange of power between areas), operation of the wind power station is planned. The 

results of the optimization analysis based on the algorithm using the dummy data are shown in 

Fig. 13. 

Fig.14  Power output of the solar power station for all the cities
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5.2 Planning for installation of renewable energy in Hokkaido 

5.2.1 Configuration of equipment 

Figure 14(a) shows the power output of the solar power station for all the cities. Fig. 14(b) 

shows the output of the wind power station for all the cities. As shown in the figure, electrical 

power from both the solar power station and wind power station will be supplied in February. 

However, power will not be supplied by the wind power station in June or by the solar power 

station in August. Power generated by both the solar power stations will be supplied in February 

and June. Although the capacity and location of renewable energy affects the economic efficiency 

of the entire system, distribution of power from renewable energy to all the areas is not 

economically feasible. The reason is that renewable energy is more economically feasible under 

an intensive program for the installation of multiple power stations on an aggressive schedule. 

Figure 15(a) shows the total demand for power from renewable energy that is interconnected 

with the transmission network. Data is displayed for February, June, and August. Figure 15(b) 

shows the corresponding power output of the CPS during the same duration. The figure shows 

the durations when significant amounts of existing, and possibly new, surplus power would be 

required. However, if the generating and delivery costs shown in Table 1 are used, installation 

of new renewable energy facilities with ample surplus power becomes feasible, as opposed to the 

construction of additional CPS backup supply facilities. Furthermore, because the cost of 

delivery will be added each time power is transferred to an area, development of new renewable 

energy can be planned at a reasonable pace, rather than intense development over a short period 

of time. The percentage of the total power load supplied by renewable energy on a representative 

day is projected to be 64.4% in February, 58.9% in June, and 80.6% in August. Based on the 
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results described above, it is expected through one year in whole Hokkaido that introduction of 

the renewable energy of a very high rate is possible. 

 

Fig. 15  Analysis results of total demand for power from renewable energy

(a) Output of renewable energy and total power load (b) Output of CPS
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5.2.2 Planning of equipment capacity 

Figure 16 shows the projected installed capacity of wind and solar power stations for the cities 

in each area during February, June, and August. On the other hand, Fig. 17 shows the total 
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capacity of all the equipment for each of the three months. Because wind speeds in the Hokkaido 

region are higher in February, the supply of wind energy will increase and reduce the demand 

for backup power from the CPS. Because there is a time zone which will not be outputted from 

renewable energy in June and August, the rated capacity of the CPS is almost the same as the 

load peak of each month in Fig. 7. 

Fig. 16  Installed capacity of renewable energy in each area
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Using the proposed algorithm, the capacity and efficiency of equipment and the required 

capacity of a backup power supply (CPS) can be analyzed. However, electricity storage is not 

considered in this study. When a fuel cell of suitable capacity is developed, an electrical power 
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system with a backup power supply sufficient to assure economic feasibility will possibly be 

constructed. 
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6. Conclusions 

In this study, a method for stabilizing the output of the electrical power grid was attained by 

interconnecting renewable energy facilities in areas where climate conditions differ. To clarify 

the type and capacity of renewable energy to be installed in each area, an optimization algorithm 

using a genetic algorithm was developed. The objective function of the optimization was to 

minimize facility and fuel costs of renewable energy facilities and the backup CPS, and facilitate 

the interchange and cost of power between areas.  

As a result, the following conclusions were obtained. 

(1)  When the proposed algorithm is used, planning for equipment and facilities based on 

economic efficiency and the interconnection of renewable energy facilities over large areas is 

possible.  
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(2)  When the renewable energy facilities are combined appropriately, the cost of the CPS 

(thermal power, hydroelectric power, etc.) will be significantly reduced. The location of 

renewable energy facilities in areas with suitable climatic conditions contributes to the 

stabilization of power distribution. 

(3)  When economic efficiency is part of the objective function for the interconnection of 

electrical power systems over large areas, fluctuations in power output that are characteristic 

of renewable energy can be planned for and offset through effective planning and design. 

(4)  Because the storage of electrical power was not considered in the proposed algorithm, it 

will be necessary to refine analytical methods for optimization when new and more efficient fuel 

cells are introduced in the future. 

 

Glossary of Terms 

C  : Cost   [USD] 

genC  : Cost of power generation   [USD] 

systemF  : Objective function of the system 

l  : Transportation distance   [km] 

N  : Number 

p  : Power   [MW] 

p  : Loss of power   [MW] 

tpp  : Amount of power transmission   [MW] 

pfr  : Rate of output fluctuation   [%] 

t  : Sampling time   [s] 
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t  : Interval of sampling time   [s] 

USD  : U.S. dollar 

u  : Unit price of equipment   [USD/MW] 

dpu  : Provisional estimate by the Japanese government of the unit price for the 

production of electricity [USD/MW] 

dvu  : Unit price for delivery of electricity   [USD/MWh] 

V  : Rated capacity   [MW] 

v  : Fuel consumption   [MW] 

Greek characters 

  : Mean efficiency for the production of electricity 

loss  : Loss factor 

 Subscript 

area  : Introductory area of a power source 

CPS  : Controllable source of power output  

need  : Power demand 

pv  : Solar power station 

re  : Renewable energy 

tp  : Power transmission 

wp : Wind power station 
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Appendix A 

Figures A.1 and A.2 shows global solar radiation with random fluctuations for cities A through 

N in Hokkaido, Japan. These data was used for the analysis of this paper. 
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Fig. A.1   Global solar radiation with random fluctuations for Each city (cities A through G)
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