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Abstract: As a first step to develop the hybrid power generation system, on this study, the time-variable re-

sources of wind and solar radiation of Yeongdo, Busan, Korea had been measured during June and July 2013. 

And the quantity of generated wind power and solar photovoltaic had also been measured during the same 

period. It is found out that the wind mainly flew from southwest at the average speed of 2 m/s during 2 

months. And it is clear that, because of the low wind velocity, the wind quality to generate the power seems 

not enough at this area. Meanwhile solar radiation was measured every daytime (6:00~19:00) and the peak so-

lar radiation occurred around 12:00~14:00. And it is clear that the time-based variations of quantity of gen-

erated power were proportional to the variations of these resources, respectively. As a proposal, these 2 natu-

ral energies can be combined as resources of a hybrid system, because these 2 patterns are not overlapped so 

much on time base.
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1. Introduction

Korean government made “Act on the Promotion of 

the Development, Use and Diffusion of New and 

Renewable energy” and enforce to new and renovation 

buildings of governments and those subsidiary agencies 

as a duty from 2004 [1], because Korea has imported 

more than 97% of fossil energies from overseas for 

decades. As the result of this act, many facilities which 

utilize the various renewable energies have been in-

stalled and are successfully in operation. The 3 top re-

newable resources to have been used are solar heat, so-

lar photovoltaic and wind [2]. It is reported that solar 

heating system is normally installed in individual build-

ings, especially residential buildings, and the solar pho-

tovoltaic and wind power generation systems are nor-

mally being operated based on commercial profits with 

huge power generation capabilities per site.

But even though Korea is surrounded by ocean and 

there are over 3,100 islands in Korea, the voices from 

islands’ and coastal areas’ habitants are out of concerns 

for this business, because the electric loads are too 

small comparing to urban. And also the energy supply 

networks from the mainland to the islands are very 

simple and unique. Therefore, to make the energy sup-

ply network multiple and improve the habitants’ living 

conditions, it can be an option to design and install any 

kinds of renewable energy facilities on these areas. 

Because the islands and coastal areas are fully exposed 

to nature, the conditions of wind and solar are eval-

uated as better qualities than elsewhere and very good 

to introduce the facilities.
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On the other hand, the time-based variations of wind 

and solar radiation cannot be predicted and the patterns 

of 2 resources are quite different [3], so the hybrid 

power generation system will be a good proposal.

The purpose of this case study is to build up a set 

of database of wind and solar radiation, which will be 

used for hybrid power generation system design. To 

build up a set of the database and estimate the effec-

tiveness, not only the wind and solar radiation re-

sources but also the power generation quantities are 

measured, respectively.

2. Measurement methodology

Although Yeongdo is a district of Busan metropoli-

tan, Korea, she is an island connected with mainland 

with only 3 bridges as shown in Figure 1. Figure 2 

shows the location where the measurement equipment 

is located, where is 2nd campus of Korea Maritime and 

Ocean University (hereafter, abbreviated as KMOU). 

This place is selected because there are no obstacles 

like buildings or artificial structures around the equip-

ment, as partially shown in Figure 4.

From June to July of 2013, the measurement was 

conducted. The following items were measured by 1 

minute intervals.

- Outdoor weather conditions: dry temperature, rela-

tive humidity, rainfall etc.

- Renewable energy resources: wind, solar radiation

- Generated power: wind power, solar photovoltaic

As the wind and solar radiation is seriously and mu-

tually affected by the outdoor weather conditions, the 

outdoor weather conditions were also measured on real 

time base. To monitor and get the outdoor weather 

conditions, wind and solar radiation, Vantage pro2 

Weather Stations [5] was used.

The hybrid power generation system for experiment is 

installed the above mentioned place as shown in Figure 

4 and Figure 5. The circled numbers in Figure 5 repre-

sents ①Data Acquisition (Graphtec GL820), ②Control 

panel, ③Inverter, ④Weather monitor, ⑤Storage battery.

Figure 1: Location of Yeongdo and KMOU in Busan, 

Korea [4]

Figure 2: Location of measuring place at second cam-

pus of KMOU [4]

Figure 3: Parts of Weather Station [5]
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Average Max. Min.

June
Temperature [℃] 21.3 26.3 16.2

Relative humidity [%] 87.5 97.0 62.0
Rainfalls [mm] 126.2mm / 9 days

July
Temperature [℃] 25.4 33.4 20.7

Relative humidity [%] 88.6 98.0 51.0
Rainfalls [mm] 82.8mm / 11days

Sum
Temperature [℃] 23.3 33.4 16.2

Relative humidity [%] 88.0 98.0 51.0
Rainfalls [mm] 209mm / 20 days

The hybrid power generation system has totally 

660W capacity, which consists of 2 units of 130W so-

lar photovoltaic and 300W wind turbine. The single 

unit of solar photovoltaic weights 12.3kg and 

1,500mm×680mm×38mm size, and it has 36 cells in 

49 matrix connected in series. The rated voltage of the 

wind turbine is 12/24volts (selectable option). The 

wind turbine has 3 blades of which the rotating diame-

ter is 1,200mm and starts up from 1.5 m/s at least.

The generated power, voltage and current of wind 

power and solar photovoltaic are monitored by data 

acquisition system after transformed by the inverter, 

respectively.

Figure 4: External appearance of hybrid power gen-

eration system

Figure 5: Internal appearance of hybrid power gen-

eration system

3. Measurement results and analysis

3.1 Outdoor conditions

During the 2 months, June and July 2011, the out-

door weather conditions can be summarized like Table 

1. Even though it was summer, because there were al-

ways winds from the ocean, the average temperature 

was low. And because the measuring place is located 

approximately only 30m away from the ocean, the 

average relative humidity was so high.  Table 1 also 

shows that there were totally 209mm rainfalls during 

20 days through the 2 months.  

Table 1: Outline of outdoor weather conditions

3.2 Wind and solar radiation

Figure 6 is the wind rose during the June and July 

2013, and Figure 7 is the curve of Weibull probability 

distribution of wind velocity. From Figure 6 it is clear 

that the wind flew mainly from southwest and Figure 

7 explains that the major wind velocity was 2m/s.

Figure 6: Wind rose during June and July 2013



Kwang-il Hwang

Journal of the Korean Societ of Marine Engineering, Vol. 37, No. 7, 2013. 11                               802

Figure 7: Curve of Weibull probability distribution of 

wind velocity

The solar radiation varied on time base as shown in 

Figure 8. The value of y axis of Figure 8 is integrated 

solar radiation at the same time through the 2 months. 

The maximum solar radiation appeared around 

12:00~14:00 o’clock.

Figure 8: Integrated solar radiation of each hour 

(2013)

3.3 Wind power and solar photovoltaic

Normally, the power of wind turbine can be calcu-

lated by Equation (1), which comes from the turbine 

affected by dynamic coefficient [6]. This equation 

means the capacity of wind power is proportional to 

the cube of wind velocity.
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 ∙            (1)

Where  is ratio of dynamic coefficient,  is density 

of air,  is wind velocity of upper section of turbine 

and  is cross sectional area of rotating turbine.

Hourly   can be expressed as function of  

which varies on every moments, because , ,  

are constant. So Equation (1) can be changed like 

Equation (2). 
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The characteristics of wind power generation were 

measured simultaneously with variables of wind veloc-

ity, current, voltage. The quantity of wind power gen-

eration is calculated from these variables. Figure 9 ~ 

Figure 16 are some results of wind power generation 

on 23rd and 27th June. Figure 9 and Figure 11, Figure 

13 and Figure 16 show respectively that the patterns 

of time-related variations of wind velocity and power 

generation are very similar, but that a minimum wind 

velocity is required. The currents and voltages are var-

ied as shown on Figure 10 and Figure 11, Figure 14 

and Figure 15 The average voltage is evaluated as 

1.2V and the maximum current is 0.35A, when the 

turbine is on operation.

On the other hand, the output of solar photovoltaic 

can be calculated by Equation (3), which explains the 

power output is proportional to solar radiation [6]. 

   ∙∙                         (3)

Where   is efficiency of energy transformation,  is a 

unit area of solar cell, and  is normal direction in-

cidence solar radiation.

As hourly solar photovoltaic,    is propor-

tional to hourly solar radiation,  , Equation (3) 

can be expressed like Equation (4).

    ∙∙                     (4)
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Figure 9: Hourly variation of wind speed (23rd June)

Figure 10: Hourly variation of generated voltage (23rd 

June)

Figure 11: Hourly variation of generated voltage (23rd 

June)

The characteristics of solar photovoltaic were meas-

ured simultaneously with variables of solar radiation, 

Figure 12: Hourly variation of power generation 

(23rdJune)

Figure 13: Hourly variation of wind speed (27th 

June)

Figure 14: Hourly variation of generated voltage 

(27th June)

current, voltage, for the purpose of the calculation of  



Kwang-il Hwang

Journal of the Korean Societ of Marine Engineering, Vol. 37, No. 7, 2013. 11                               804

Figure 15: Hourly variation of generated voltage (27th 

June)

Figure 16: Hourly variation of power generation 

(27th June)

Figure 17: Hourly variation of solar radiation (23rd 

June)

the quantity of solar photovoltaic. Figure 17 ~ Figure 

24 are some results of solar photovoltaic on 23rd and 

Figure 18: Hourly variation of generated voltage (23rd 

June)

Figure 19: Hourly variation of generated voltage 

(23rd June)

Figure 20: Hourly variation of power generation (23rd 

June)

27th June. Figure 17 and Figure 20, Figure 21 and 

Figure 24 show respectively that the patterns of time-re
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Figure 21: Hourly variation of solar radiation (27th 

June)

Figure 22: Hourly variation of generated voltage (27th 

June)

Figure 23: Hourly variation of generated voltage (27th 

June)

lated variations of solar radiation and power generation 

Figure 24: Hourly variation of power generation (27th 

June)

are very similar. The currents and voltages are varied as 

shown on Figure 18 and Figure 19, Figure 22 and 

Figure 23. The minimum voltage is 12V and the current 

varies up to 18.5A during the turbine is on operation.

4. Conclusions

The purpose of this case study is to build up a set of 

database of energy resources, especially focused on the 

wind and the solar radiation, for the first step to be used 

as a hybrid power generation system design. Some re-

sults from this study can be summarized as followings.

1) The wind mainly flows from southwest and at the 

average speed of 2 m/s during June and July 2013. 

Because the wind velocity was low, the wind quality to 

generate the power seems not so good at this island.

2) Solar radiation was measured every day time 

(6:00~19:00) and the peak solar radiation occurred 

around 12:00~14:00.

3) It is clear that the quantity of wind power gen-

eration vs. wind velocity, the quantity of solar photo-

voltaic vs. solar radiation were proportional each other, 

respectively.

4) The patterns of each power generation are very 

different. This means that these 2 natural energies can 

be combined as sources of a hybrid system, because 

these 2 patterns are not overlapped so much on time 

base.
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