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Abstract: This paper presents in situ measurement results for global horizontal radiation to obtain precise information about 

incoming shortwave radiation along a ship’s route between Tongyeong (South Korea) and Hakata (Japan). The observations were 

performed on a volunteer ship during the spring, summer, and fall seasons of South Korea in 2016. The observed data were compared 

with NASA-SSE data from 2004 and classified as maximum, minimum, and average values based on whether the weather was fine, 

cloudy, or rainy, respectively. A computational analysis of the collected data was also performed. The average global horizontal 

radiation observed in 2016 in this experiment was approximately 1kWh/m2/day less than that found in 2004. The statistical analysis 

showed that there were both overestimations and underestimations in our measurements. The maximum root mean square error was 

3.2kWh/m2.The weather condition and month of the year have significant effects on a mobile coastal solar radiation power plant. 

Finally, we assumed that a 1630 mm × 982 mm mono-crystalline silicon solar module was installed on the roof of the ship, and the 

energy in kilowatt hours per day was calculated. In this case, the highest possible value when harvesting solar energy was 

76.39kWh/day and the lowest was 39.47kWh/day. Approximately 73.59kWh/day could be obtained on average using this solar 

module from April to August. However, this value is reduced by approximately half during the fall season. 
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1. Introduction 
The energy derived from oil, gas, and coal has played a vital 

role in meeting our energy demands until now. Because of the 

shortage of these energy sources, it is essential to ultimately 

transition to alternative sources. This is why, during the last two 

decades, both developing and developed countries have been 

focusing much attention on the harvesting of renewable energy. 

In addition to technological developments, the personal and 

psychological factors affecting the successful development of 

renewable energy in many countries like Yemen [1] and Nigeria 

[2] have been examined. Various researchers have stated that 

even though people in both urban and rural areas are not fully 

aware and informed about renewable energy, they have high 

positive expectations for its use. Many researchers also 

investigated the effect of renewable energy consumption on 

economic growth. For example, A. Alper et al. [3] reported that 

renewable energy has positive impacts on economic growth for 

all the selected EU member countries, and especially Bulgaria, 

Estonia, Poland, and Slovenia. 

Many researchers have analyzed the five most significant 

emerging alternative energy sources (solar, wind, geothermal, 

biofuels, and biomass). For example, Hussain et al. [4] 

explained each emerging renewable source, along with its 

market share, challenges, and implications for increased 

adoption, future prospects, and drawbacks. Moreover, only the 

use of renewable energy can effectively mitigate the 

unfavorable climate change [5][6]. Among these five emerging 

alternative energy sources, solar energy is recognized as the 

number one renewable energy source because of its utility, 

greater cleanliness, and reduced operating costs. More than 50% 

of the solar radiation irradiance at the top of the atmosphere 

reaches earth’s surface. Currently, numerous studies on the use 

of photovoltaic cells and solar hot water systems in homes, 

factories, and schools are being performed to fulfill our daily  
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life energy demands [7]-[12] by adding different types of 

materials to improve the performance of a solar cell [13]-[17]. 

In addition, some studies have been conducted to optimize the 

energy storage operation [18]. 

The ocean covers about 70% of the globe’s surface and more 

than 90% of the solar radiation at the sea’s surface is absorbed by 

the ocean. Recently, some investigators have developed 

algorithms to estimate the downward shortwave radiation flux at 

the sea’s surface using remote sensing data obtained from 

satellites. In the near future, such methods may provide precise 

estimations with very high spatial and temporal resolutions [19]. 

In addition, there is much research on an offshore grid to connect 

offshore wind power systems to onshore systems [20], which is 

absent for solar energy systems. Thus, to develop an estimation 

method for solar energy to build a new and revolutionary 

paradigm for a micro-grid [21][22] of offshore solar energy or 

mobile coastal solar power plants, a large quantity of sea truth 

data under various atmospheric conditions is needed. 

Like D. Palit et al. [23], many researchers [24] believe that 

grid extension is one of the best sustainable remedies to 

overcome the energy demand and that harvesting solar energy 

with the help of a ship in a sea region will be one of the best 

approaches in the near future. Measuring the amount of solar 

radiation at sea is the most important factor for the development 

of this type of solar energy system. The amount of solar 

radiation is often affected by weather conditions, which are 

completely different from the factors considered during the 

measurement of solar irradiance on land. In this study, the 

amount of solar radiation on the sea was measured along the 

selected ship’s route by considering global horizontal radiation. 

We performed direct observations of the downward shortwave 

radiation at the sea’s surface in the east ocean. This may be the 

first ever routine attempt to observe the downward shortwave 

radiation in this selected large ship route area. The downward 

shortwave radiation at the sea surface is determined by the 

conditions of the entire atmospheric column through which the 

solar radiation passes, i.e., the temperature, wind direction, 

wind speed, calmness, humidity, air pressure, and flight speed. 

In this paper, we describe the experimental approach in section 

2. We analyze the collected data based on the weather (section  

 

3.2), three seasons (section 3.3), individual months (section 

3.4), and probable harvested solar energy (section 3.5) to derive 

accurate and helpful conclusions (section 4). 
 

2. Experiment setup 
2.1 Selection of sea area 

For our study of solar energy harvesting, we considered the solar 

irradiance, i.e., downward shortwave radiation on the sea area. N. 

Iwasaka et al. [25] considered in situ measurements of the solar 

radiation in the western pacific. M. Guadalfajara et al. [26] reported 

in their paper that the location and different demands corresponding 

to different climate areas have very significant effects when 

considering a simple calculation for central solar heating plants 

with seasonal storage. Therefore, we considered a region of the East 

Sea between South Korea and Japan over three seasons (spring, 

summer, and fall),as shown in Figure 1. 

Figure 1 shows the observation area between Tongyeong 

(34:49.91, 128:23.86) and Hakata (33:37.95, 130:19.04). The 

three reasons for selecting this area are as follows: 1) our 

volunteer ship route from Tongyeong to Hakata is seldom 

changed by weather conditions, 2) the latitude difference 

between these two locations is very small, and 3) the longitude 

difference is also small. 
 

 
Figure 1: Observation area. Line indicates the ship’s route 
between Tongyeong and Hakata 

Table 1:  Global positions of selected sites, and calculated temperature and time differences 

Tongyeong Hakata Due to difference in Latitude, 
temperature difference(K) 

Due to difference in Longitude, 
time difference (min) Latitude Longitude Latitude Longitude 

34:49.91 128:23.86 33:37.95 130:19.04 0.33 8.32 

 
Table 2:  Training ships ID, type, and period of observation 

Ship IMO Type Beginning of the 
observation 

End of the 
observation 

9256688 Stern 
Trawler 

March 2016 October 2016 
(Spring)  (Fall) 



 
 

Young-Su Anㆍ A K M Mahmudul Haque ㆍ Han-Shik Chung ㆍ Kwang-Sung Lee 
 
 

 
 
Journal of the Korean Society of Marine Engineering, Vol. 41, No. 8, 2017. 10                                                                                                            716 

Table 3: Pyranometer specifications 

Product maker: EKO INSTRUMENTS CO., LTD 
Specifications (Typical) MS-602 
ISO 9060 classification Second Class 

Response time 95% (sec) 17 
Directional response (at 1000W/m²) < 25 W/m² 

Spectral selectivity (0.35-1.5µm) < 1 % 
Temp. response (for 50°C band) < 2 % 

Tilt response (at 1000W/m²) < 2 % 
Sensitivity (µV/W・m-2) Approx. 7 

Operating temperature range (°C) - 40 to +80 
Irradiance range (W/m2) 0 - 4000 W/m2 

Wavelength range 285 to 3000 nm 
 

The first reason allows us to observe the downward shortwave 

radiation in this wide region under various atmospheric 

conditions. We avoided the winter season because we could not 

properly measure the solar irradiance then, and the value was too 

small to separate the actual value from the error data. Because the 

temperature changes 1.6 Kelvin (K) for every 482.803 km change 

in latitude at sea level, the second reason theoretically gives us a 

temperature difference of 0.33 K (Table 1) between Tongyeong 

and Hakata, which is very small. This makes it possible to 

consider the average temperature effect between Tongyeong and 

Hakata on the solar irradiance, rather than different effects. 

In relation to the third reason, there is a small time difference 

between these two areas, of approximately 8 min (Table 1), 

because we know that every 15° east or west of Greenwich 

represents approximately 1 h. As a result, this helps us to more 

accurately analyze the downward shortwave radiation, i.e. the 

average global horizontal radiation per day data. Our observation 

time was limited to the period from April 2016 to November 

2016. Table 2 lists the training ship, along with its type and 

period of observation. It takes the ship approximately 12h to 

complete one voyage from Tongyeong to Hakata or vice versa. 

2.2 Method of data collection 
We used a straightforward approach in our experiment, 

collecting meteorological data and applying the simple linear 

regression results, mean bias error (MBE), and root mean 

square error (RMSE)in a statistical analysis. The measurement 

system consists of a pyranometer, digital data logger, and 

computer installed on the ship. 

A second class pyranometer was used for the experiment 

under the ISO 9060 classification(EKO INSTRUMENTS CO. 

LTD).The sensitivity of the sensor is approximately 

7.0µV/W/m2 in a wavelength range of 285–3000nm, and 

the response time is 17 s. The overall specifications of the 

 
Figure 2: Side view of ship’s winch room. The pyranometer 

was installed on a structure at the side of the ship’s winch room 

 

pyranometer are listed in Table 3. Many researchers have 

conducted experiments on the leveling of a pyranometer [27]. 

However, we simply followed the manual provided by EKO 

INSTRUMENTS CO. LTD. Ourpyranometer was mounted on a 

structure at the side of the winch room of the ship, which was 

far enough away from the surrounding obstacles so that the 

sensing part of the pyranometer could properly receive light 

from the sun, as shown in Figure 2. Data from the data logger 

were recorded on the computer at 10 min intervals, and the 

ambient air temperature was also measured. 

Because this is an independent instrument, it does not require 

an electric power supply from the ship. Our selected ship route 

did not involve the occurrence of large waves, and the ship had 

a ballast tank, which helped us to collect smooth data. 

R. H. Inman et al. [28] showed in their paper that clouds 

significantly attenuate ground-level solar irradiance, causing a 

substantial reduction in the photovoltaic power output capacity. 

Their selected areas were California and Hawaii. Thus, the 

officers and crew of the ship were asked to wash the glass dome 

of the pyranometer with fresh water every morning. We also 

asked them to record the ship’s position with the help of a GPS 

system during the voyage. 
 

3. Result and discussion 

3.1 Reference data 
For reference values, we first selected three points on land 

that are close to the sea within this selected area: Tongyeong 

(34:49.91,128:23.86), Tushima (34:02.30,129:09.10), and 

Hakata (33:37.95,130:19.04). Then, the global horizontal 

radiation data per day in 2004 at these three point swere 

collected from NASA-SSE. Madanchi et al. [29] showed a 

strong non-linear and non-stationary measured irradiance time 

series similar to Figure 3 and Figure 7. However, because of 
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the small latitude and longitude differences among these places, 

as previously described, the data graphs for these three places 

differed very slightly. Moreover, this slight fluctuation helped 

us to obtain the average data for the whole selected region. The 

data of these three locations were averaged by considering data 

at the same time for each location. Finally, the data were 

classified under three seasons: spring, summer, and fall. Figure3 

represents a time series of the average global horizontal 

radiation per day observed during the period from April 

1through November 30, 2004. 

As shown in Figure 3, during the spring season, the maximum, 

minimum, and average values were 5.036kWh/m2/day, 

4.979kWh/m2/day, and 5.0075kWh/m2/day, respectively. 

Similarly, in the summer of 2004, the maximum, minimum, and 

average values were 6.964kWh/m2/day,4.816kWh/m2/day, and 

5.89kWh/m2/day, respectively. However, in the fall season 

(2004),from September to November, the maximum, minimum, and 

average global horizontal radiation values were 4.068kWh/m2/day, 

3.327kWh/m2/day, and 3.6975kWh/m2/day, respectively. 

3.2Analysis of measured data based on weather condition 
Usually, as previously mentioned, it takes approximately 12 h 

to go from Tongyeong to Hakata and vice versa along the ship 

route, as shown in Figure 1. After studying our reference (Figure 

3), we started collecting per day average isolation data with the 

help of the pyranometer and our volunteer ship J. Tanesab et al. 

[30] investigated the contribution of dust to the long-term 

performance degradation of a photovoltaic module in a temperate 

climate zone. Their estimated operating time as a long-time 

performance was eighteen years. In our experiment, the duration 

was less than one year. Thus, we did not need to consider this 

factor(dust)while collecting the solar radiation data. 

Figure 3: Reference time series of average global horizontal 

radiation per day observed during period of April 

1throughNovember 30, 2004. Data source: NASA-SSEweb site 
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Figure 4: Distribution of average global horizontal radiation by 
weather during spring season of 2016 

Summer season (June to August)
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Figure 5: Distribution of average global horizontal radiation by 
weather during summer season of 2016 

Figure 6: Distribution of average global horizontal radiation by 
weather during fall season of 2016 

Using our observations, the average global horizontal radiation 

per day was analyzed under different weather conditions for each 

of the three seasons. The three bar graphs (Figure 4, Figure 5, 

and Figure 6) show the average global horizontal radiation per 
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day in kilowatt hours per square meter for the three seasons 

(spring, summer, and fall). As shown in Figure 4, during fine 

weather, cloudy weather, and rainy weather, the average 

insolation values were 6.5857kWh/m2/day, 2.98kWh/m2/day, and 

1.1193kWh/m2/day, respectively. Similarly, as shown in Figure 5, 

these values were 7.0716kWh/m2/day, 3.6527kWh/m2/day, and 

0.6755kWh/m2/day, respectively. Finally, as shown in Figure 6, 

the fall season gave values of 3.6776kWh/m2/day, 

1.7752kWh/m2/day, and 0.6640kWh/m2/day for fine weather, 

cloudy weather, and rainy weather, respectively. 

Comparing these three bar graphs, it is obvious that except 

during rainy weather, it is possible to obtain approximately 

1kWh/m2/day more global horizontal radiation during fine and 

cloudy weather in the summer season than during the other two 

seasons. However, during rainy weather for all three seasons, 

there was no significant change in the global horizontal radiation. 

3.3Analysis of measured data based on three seasons 
Figure 7 represents the times series of the average global 

horizontal radiation per day observed during the period from 

April through November 2016. Although March is included in the 

spring season, we did not consider this month because severely 

cold conditions existed during the winter season that ranged from 

December to mid-March of 2016. Thus, to avoid the error data 

due to this severe cold, we only considered the data from April to 

May. In Figure 7, the days are represented along the X axis, with 

the average insolation per day along the Y axis. The dotted line 

represents a linear regression that gives the maximum, minimum, 

and average of the per dayaverage insolation values during the 

spring season, which are 5.8284kWh/m2/day, 4.2111kWh/m2/day, 

and 5.0198kWh/m2/day, respectively. Compared to the spring of 

2004, i.e., Figure 3, 2016 shows an increase in the average per 

day insolation of 0.25%. During the summer season of 2016, as 

Figure 7:Time series of average global horizontal radiation per day 
observed during period of April 1through November 30, 2016 

shown in Figure 7, the maximum, minimum, and average values of 

the per day average global horizontal radiation are 

5.91871kWh/m2/day, 4.9167kWh/m2/day, and 5.4177kWh/m2/day, 

respectively. Unlike spring 2016, compared to the summer of 2004, 

in 2016, the per day average global horizontal radiation decreased by 

8.02%. Similarly, compared to the fall season of 2004, the per day 

average isolation decreased by 24.29%, where the maximum and 

minimum values were 3.3098kWh/m2/day and 2.2885kWh/m2/day, 

respectively. For easy understanding, Figure 8 was plotted with the 

help of the abovementioned maximum, minimum, and average 

values of both the reference data (2004) and measured data (2016). 

(a) Maximum value 

(b) Minimum value 

(c) Average value 
Figure 8:Maximum, minimum and average of per day average 
global horizontal radiation during spring, summer and fall 
season, 2016 
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Thus, when we do not consider the weather conditions, but 

only the season, and compare with the NASA-SSE (2004) data, 

we see that except for the spring season, there is a significant 

difference in the average values. Our measured values are lower 

than the reference values, with differences between the NASA-

SSE (2004) data and measured data of 8.02% and 24.3% during 

the summer season and fall season, respectively. 

3.4 Analysis of measured data based on individual months 
For further analysis, we comparison the NASA-SSE data 

(2004) and insitu measurement data (2016) for each month. In 

Figure 9, the blue dotted normalized line for the measured data 

shows a lower average global horizontal radiation than the 

NASA-SSE 2004 data. In addition to the normalized curve, the 

MBEand RMSE are taken into consideration. The necessary 

equations can be found in another paper [31]. 

𝑀𝑀𝑀𝑀𝑀𝑀 = 1
𝑛𝑛 
∑ (𝐻𝐻𝑙𝑙,𝑚𝑚 −𝐻𝐻𝑙𝑙,𝑐𝑐)𝑛𝑛
𝑙𝑙=1  ………………………… (1) 

𝑅𝑅𝑀𝑀𝑅𝑅𝑀𝑀 = �{1
𝑛𝑛
∑ (𝐻𝐻𝑙𝑙,𝑚𝑚 − 𝐻𝐻𝑙𝑙,𝑐𝑐)}𝑛𝑛
𝑙𝑙=1  …………………….. (2) 

where 𝐻𝐻𝑙𝑙,𝑚𝑚 and 𝐻𝐻𝑙𝑙,𝑐𝑐 are the 𝑙𝑙𝑡𝑡ℎ measured and calculated values, 

respectively (kWh/m2) 

Positive and negative MBE values represent overestimations 

and underestimations, respectively. Zero MBE and RMSE 

values are ideal. As listed in Table 4, a statistical analysis based 

on the MBE and RMSE shows that there are both 

overestimations and underestimations in our measurements, 

with a maximum RMSE of3.2kWh/m2. 

This time, we did not consider the effect of the weather 

condition or classify the data according to the season. Instead, 

when considering the month, it is obvious that unlike in section 

3.3, with the exception of the summer season, our measured 

data were always below the reference data. 

Figure 9: Comparison of NASA-SSE data (2004) and in-situ 

measurement data (2016) based on per month 

Table 4:MBE and RMSE for global horizontal radiation 

Month MBE 
(kWh/m2) 

RMSE 
(kWh/m2) 

April -0.87339 3.07043 
May 0.844606 3.248407 
June -1.04567 2.498858 
July -0.40881 1.614973 

August 0.759868 2.237833 
September -0.49022 2.375644 

October -1.0178 2.015201 
November -0.51831 1.228414 

3.5 Analysis of measured data based on probable 

harvested solar energy 
It is obvious that the per day average insolation during fine 

weather was higher than the maximum value obtained by linear 

regression for the same season. However, the linear regression 

data were considered to be the nominal values for further 

analysis. The following equations were used for this purpose: 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑙𝑙 𝑠𝑠𝑇𝑇𝑙𝑙𝑇𝑇𝑠𝑠 𝑝𝑝𝑇𝑇𝑝𝑝𝑝𝑝𝑙𝑙 𝑇𝑇𝑠𝑠𝑝𝑝𝑇𝑇,𝐴𝐴(𝑚𝑚2) = 𝑙𝑙𝑝𝑝𝑝𝑝𝑙𝑙𝑇𝑇ℎ × 𝑤𝑤𝑤𝑤𝑤𝑤𝑇𝑇ℎ ………(3) 

𝑅𝑅𝑇𝑇𝑙𝑙𝑇𝑇𝑠𝑠 𝑝𝑝𝑇𝑇𝑝𝑝𝑝𝑝𝑙𝑙 𝑦𝑦𝑤𝑤𝑝𝑝𝑙𝑙𝑤𝑤, ƞ(%) = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑘𝑘𝑘𝑘)
𝐴𝐴×10

………….. (4) 

𝑀𝑀𝑝𝑝𝑝𝑝𝑠𝑠𝑙𝑙𝑦𝑦 �𝑘𝑘𝑘𝑘ℎ
𝑑𝑑𝑚𝑚𝑑𝑑

� = 𝐴𝐴 × ƞ × 𝑃𝑃𝑃𝑃𝐴𝐴𝑃𝑃 ×PR……………………..  (5) 

where, PDAI= 𝑝𝑝𝑝𝑝𝑠𝑠 𝑤𝑤𝑇𝑇𝑦𝑦 𝑇𝑇𝑎𝑎𝑝𝑝𝑠𝑠𝑇𝑇𝑙𝑙𝑝𝑝 𝑤𝑤𝑝𝑝𝑠𝑠𝑇𝑇𝑙𝑙𝑇𝑇𝑇𝑇𝑤𝑤𝑇𝑇𝑝𝑝  (Kwh/m2/day) 

and PR= 𝑝𝑝𝑝𝑝𝑠𝑠𝑝𝑝𝑇𝑇𝑠𝑠𝑚𝑚𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑇𝑇𝑇𝑇𝑤𝑤𝑇𝑇 

D. Li et al. [32] presented the impact of the estimated solar 

radiation on a gross primary productivity (GPP) simulation for a 

subtropical plantation in southeast China. They showed two 

types of effects: those during the growing season and non-

growing season. In our study, for further analysis, we 

considered the per day energy based on the above data. Figure 

10 shows the energy (kWh/day) during the spring, summer, and 

fall seasons of 2016 for the selected ship route area. In this 

regard, a certified solar module producer’s (SAMSUNG 

ELECTRONICS CO. LTD) solar module was considered. 

Currently, this company supplies six models: LPC235S, 

LPC238S, LPC241S, LPC244S, LPC247S, and LPC250S. All 

these modules are mono-crystalline silicon solar modules 

having thedimensions1630mm×982mm. The only differences 

among these six solar modules are their different watt-peak 

values. LPC235S has the lowest and LPC250S has the highest 

watt-peak values at235W and 250W, respectively. In our 

experimental study, LPC2356S was considered and assumed to 

be mounted on the roof of the volunteer ship during the 
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observation. The area of the solar panel was 1.6007m2. The 

solar panel yield was 11.75%. The insulation characteristics of a 

solar photovoltaic cell are important factors because they 

significantly affect the loss [33]. Thus, to calculate the 

performance ratio (with a range of 0.5–0.9 and default value = 

0.75) we considered various losses, including the inverter losses 

(8%), temperature losses (8%), DC cable losses (2%), AC cable 

losses (2%), shading(3%), losses due to weak irradiation (3%), 

losses due to dust and snow (2%), and other losses (0%). As is 

well known, there are two types of performance: 1) under 

standard test conditions (STC) and 2) under the nominal 

operating cell temperature (NOCT). Under STC, the irradiance 

is 1000W/m2, AM is 1.5, and cell temperature is 25°C, whereas 

under the NOTC, the irradiance is 800W/m2. In our calculation, 

we considered the NOTC instead of the STC to obtain an 

accurate nominal value rather than the standard value. As 

shown in Figure 10, the energy values for the three seasons of 

2016 were divided into the maximum, minimum, and average 

values. It is obvious that the summer season demonstrated the 

highest per day energy in kilowatt hours, with values of 

83.45kWh/day, 69.33kWh/day, and 76.39 kWh/day for the 

maximum, minimum, and average values, respectively. 

Compared to the summer season, the spring season exhibited 

1.53%, 14.35%, and 7.34% less energy (kWh/day)for the 

maximum, minimum, and average values, respectively. In 

addition, the energy harvested during the fall season was almost 

half of the energy obtained during the summer season. Within 

the three seasons, the highest possible average harvested energy 

was 76.39kWh/day, whereas the lowest was 39.47kWh/day. 

Figure 10: Maximum, minimum, and average energy (kWh/day) 

for assumed mono-crystalline silicon solar module with 

dimensions of 1630mm × 982mm installed on roof of ship 

during spring, summer, and fall seasons of 2016 

4. Conclusion
A direct measurement of downward shortwave radiation in a 

sea area located between Tongyeong, South Korea and Hakata, 

Japan was performed using a pyranometer mounted on the roof 

of a volunteer ship. When considering a micro-grid extension to 

utilize sea solar energy, some important information may be 

considered based on the results of this study: 

(1) When considering weather conditions during the harvesting 

of solar energy, it is better to choose the summer season 

because the outcome of the analysis gave 1kWh/m2/day 

more global horizontal radiation under fine and cloudy 

weather conditions.  

(2) If the effect of the weather condition is neglected, the spring 

season is better when estimating the probable harvested 

solar energy. For the other two seasons, there were 

significant differences between the NASA-SSE (2004) data 

and our measured data, which were 8.02% and 24.3% 

during the summer season and fall season, respectively. 

(3) Unlike the analysis based on the three seasons, the outcome 

of the analysis based on individual months showed that the 

months during the summer season were a better time to 

estimate the probable harvested solar energy because there 

was no reasonable difference between the NASA-SSE 

(2004) data and measured data. Thus, the type of analysis 

approach has a significant effect on decision making when 

estimating the probable solar energy.  

(4) If a 1630 mm × 982 mm mono-crystalline silicon solar 

module (model LPC235S)were installed on the roof of the 

ship, the highest possible value when harvesting solar 

energy was found to be 76.39kWh/day, while the lowest 

was 39.47kWh/day. 
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