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ABSTRACT 
 

This study examines methods of the effective use of the sublittoral zone of the coastal area 
in Japan. Algae in the coastal sublittoral zone, which are photosynthetic as land plants, store 
within carbon dioxide as carbohydrates. Currently, many studies in various fields regarding 
the production of bioethanol using algae as the material, are being conducted. However, the 
habitation for algae is limited by such factors as temperature, depth, water quality, sediment 
quality, and the supply of macronutrients. In addition, there will be concerns as to the 
relationship to urban formation in applying the biofuel from algae to practical uses. This 
paper, in the light of the production of biofuel from algae and its effective use, evaluates the 
geographical conditions of the sublittoral zone, by analyzing spatially, with GIS, the 
sublittoral zone from a broader perspective. 

 
 

INTRODUCTION 
 

This study’s purpose is to evaluate the potential productivity of the sublittoral zone by 
computing the amount of the primary production of algae with the model calculation. The 
sublittoral zone, where the sun light is abundant, can form a seaweed bed when the 
necessary conditions such as water quality and sediment quality, are met (M. Notoya et 
al. ,2003). In the seaweed bed, algae, which are photosynthetic as land plants, store carbon 
dioxide within as carbohydrates. Currently, various studies have been conducted regarding 
the generation of seaweed beds, because creating artificial seaweed beds by servicing 
simulated sediment quality, will lead to a stable production of biofuel.  

However, the locations of sublittoral zones are limited in the vast oceanic space, and they 
are not necessarily accessible to the cities in terms of the transportation of the products. It is 
beneficial to perform the utilization of sublittoral zones as close to the cities as possible, 
compliant with the availability of transportation and services from the land. It is also 
indispensable to coordinate the international cooperation and research for the practical 
application of such endeavors, due to the fact that in some cases, in which applicable 
sublittoral zones and the cities are divided by national borders. These issues entail not only 
the technical difficulties but the problems of regional planning. Therefore, in this research, 
we attempt to assess the potential productivity of such sublittoral zones from the view point 
of regional planning using the GIS technology, by investigating international territories.   
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RESEARCH SETTING 

 
Target Area 
  The coverage of our research is the East Asia territories, from 120 degrees to 140 degrees 
of east longitude, and from 30 degrees to 42 degrees of north latitude, including parts of 
four countries of Japan, South Korea, North Korea, and People’s Republic of China, as 
shown in Figure 1. 
 

 
Figure 1.  Target Area. 

 
Research Data 
Water Depth Data 
  This paper employs the water depth data of the 2-second grid provided by the Japan 
Hydrographic Association; we revised the data to suit our purpose into the total of 607,125 
grids of 1,112 grids from north to south and 546 grids from east to west by Kriging method 
(Noel Cressie, 1990). 
 
Harbors 
  Harbors surrounded with the population of at least 500,000 people, are sampled out of all 
the harbors in the study area, as indicated in Table 1, and Figure 1 illustrates the locations 
of these harbors.  
 
Definition of Sublittoral Zone 
  Algae and phytoplankton photosynthesize in relation to the depth of water and the 
amount of light (T. Uede, 2007), in the photic zone of the depth of water to 200 meters 
where sunlight is available.  Algae survive in the water shallower than the depth of 10 
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meters according to the living conditions of algae. However, new technologies such as 
mound seaweed beds and artificial ocean floors, can expand the range of algae habitats. 
Theoretically, algae can survive on the upper layers of deep oceans using such technologies. 
On the other hand, the implementation of the practical applications limits to the layers of 
the water shallower than 50 meters, due to administrative and economical implications. 
Therefore, by defining sublittoral zones as waters shallower than the depth of 50 meters, 
our research examines two types of sublittoral zones in our study area: the water areas of 
the depth shallower than 10 meters, and the water areas of the depth shallower than 50 
meters. 
 
 

LOCATION CHARACTERISTICS OF SUBLITTORAL ZONES 
 

 
Figure 2.  Distribution of Sublittoral Zones. Blue areas indicates water areas shallower 
than 50 meters, light blue areas indicates water areas shallower than 10 meters. 
   
  Figure 2 indicates the distribution of the sublittoral zones in our research area.  The total 
combined area of all the examined sublittoral zones of the water depth shallower than 10 
meters, is 19,888 km², and that of the water depth shallower than 50 meters is 378,444 km². 
 
Relationship Between Sublittoral Zones and Coastal Lines 
  Figure 3 and Figure 4 show the relationship of the distance between the sublittoral zones 
and the lands. These figures illustrate that, the closer to the coastal lines the sublittoral 
zones are the more sublittoral zones are found.   



Recent Advances in Marine Science and Technology 2010 - PACON International 

94 
 

  The sublittoral zones of the depth shallower than 10 meters are located concentrating 
around the areas to 50 km offshore. The sublittoral zones of the depth shallower than 50 
meters are found concentrating around the areas to 100 km offshore, though most are in the 
areas which are more than 200 km offshore. Therefore, it is sensible to presume that the 
productivity of the sublittoral zones of the depth shallower than 50 meters is significant.  
    

 
Figure 3.  Distance to Coastal Lines and Locations of Sublittoral Zones (shallower 

than 10 meters). 
 

 
Figure 4.  Distance to Coastal Lines and Locations of Sublittoral Zones (shallower 

than 50 meters). 
 
 
Relationship between Harbors and Sublittoral Zones 
  Figure 5 and Figure 6 demonstrate the relationship of the distance between the sublittoral 
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zones and the harbors.  The relationship, compared to the relationship in the distance 
between the coastal lines and the sublittoral zones, does not appear significant.  
  The sublittoral zones of the depth shallower than 10 meters hardly exist near the harbors.  
  The number of the sublittoral zones of the depth shallower than 50 meters peaks at the 
areas 90 km from the harbors.   
 

 
Figure5.  Distance to Harbors and Locations of Sublittoral Zones shallower than 10 
meters. 

 

 
Figure 6.  Distance to Harbors and Locations of Sublittoral Zones shallower than 50 
meters. 
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Table 2.  Sublittoral Zones within 200 km from Harbors (km²). 

 
 
 
Table 2 indicates the area of the sublittoral zones that exist within the distance of 200 km 

from each harbor. The figures are quite diverse. The combined area near the port of 
Baoshan is largest of all the harbors we examined: 6,749 km² of sublittoral zones of the 
depth shallower than 10 meters, and 31,126 km² of sublittoral zones of the depth shallower 
than 50 meters. There are less sublittoral zones near the harbors of Japan than there are 
inContinental China.  
As revealed through our research, sublittoral zones are unevenly distributed throughout 

the study area. Therefore, there have to be sufficient deliberations as to the selection of 
fitting locations of sublittoral zones. Also, as to the sublittoral zones shallower than 10 
meters, where algae naturally exist, there are not enough locations within the suitable areas.  
This means that it is practical to search for the appropriate locations in the sublittoral zones 
of the depth shallower than 50 meters. 
 
 

FEASIBILITY OF BIOFUEL PRODUCTION IN SUBLITTORAL ZONES 
 
  Algae as plants photosynthesize during daytime, and produce carbohydrates from 
sunlight, water, carbon dioxide, and oxygen as in the formula (1). 
 
  CO2＋2H2O→（CH2O）＋H2 O＋O2	 (1) 
 
  The photosynthetic rates of algae vary depending on the kind of algae. As stated by R. J. 
King and W. Schramm(1976), the photosynthetic rate is faster in the order of 

50m 10m 50m 10m
(km2) (km2) (km2) (km2)

1 Baoshan 31,126 6,749 11 Kagoshim
a

1,067 207

2 Qingdao 11,505 1,754 12 Hakata 1,693 376

3 Yantai 9,657 1,261 13 Kitakyush
u

969 257

4 Chinfanda
o

4,580 580 14 Hiroshima 1,490 219

5 Yingkou 2,248 1,283 15 Okayama 1,447 248

6 Dalian 5,773 860 16 Kobe 1,019 152

7 Nampho 6,774 1,530 17 Nagoya 1,249 283

8 Incheon 9,202 2,916 18 Shimizu 293 53

9 Busan 2,999 796 19 Yokoham
a

1,024 239

10 Pohang 491 124

Harbor Harbor 
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chlorophyae(green algae), phaeophyceae(brown algae), and rhodophytae(red algae). The 
photosynthetic rates per unit area considerably differ depending on the kind of algae, 
because the population density diverges depending on the kind of algae.  Phaeophyceae 
create vast seaweed beds in sublittoral zones, and produce enormous amount of 
carbohydrates. For instance, arame, which populates in Tokyo Bay and southward, 
generates 9.75 kg of carbohydrates per square meter (K.Nakazawa, et al. , 2009). 
  On the other hand, it is not feasible to develop the entire area of the sublittoral zones into 
seaweed beds for the production of carbohydrates when marine transport, fisheries, and 
environment are concerned. In this study, however, for the purpose of evaluating the 
potential of the biofuel production in the sublittoral zones, we proceed with our 
investigations supposing that it is possible to produce carbohydrates from algae in all the 
sublittoral zones.  
  In theory, carbohydrates, which have been generated in algae, have to be transported by 
sea to a plant nearby where they can be transformed to energy. However, energy conversion 
efficiency and the distance to the harbor/port from the seaweed bed pose difficulties in 
order for the realization of such a system. For instance, according to one of our previous 
study by K. Nakazawa, et al. (2008), the energy efficiency is approximately 10% in the 
process of hydrothermal gasification of the carbohydrates stored in algae. There is another 
issue of the uneven distribution of sublittoral zones for each harbor.  
  Here, we examine the feasibility of biofuel production in sublittoral zones. 
 
  Figure 7 and Figure 8 show the relationship between the cumulative production volume 
by each distance band from the sublittoral zone to the harbor from the entire study area, and 
the crude oil consumption volume of the ship transport from the sublittoral zone to the 
harbor. These figures indicate, in addition to the production volume, the 50% value, 20% 
value, and 10% value of the production volume. This illustrates the estimate energy 
conversion efficiencies when carbohydrates in algae are converted into biofuel. The 
calculations are conducted in these conditions: the round-trip transport by a 2.5t fishing 
vessel, the fuel consumption of 0.5 km/L, and the specific density of crude oil is 0.9. 
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Figure 7.  Production Volume of Sublittoral Zones and Consumption Volume of Ship 
Transport (the depth shallower than 10 meters). 
 
 

 
Figure 8.  Production Volume of Sublittoral Zones and Consumption Volume of Ship 
Transport (the depth shallower than 50 meters). 
 
  Supposing that the energy conversion efficiency is 10%, the crude oil consumption 
volume used for the ship transport becomes larger than the production volume, when the 
distances between the sublittoral zones shallower than 10 meters, and the harbors are more 
than 120 km, and when the distances between the sublittoral zones shallower than 50 
meters and the harbors are more than 100 km. In this paper, these distances are called ship 
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transport fuel consumption critical distances. Provided that the energy conversion 
efficiency rises to 50%, the sublittoral zones in these distance belts can yield 200Mt/Y, 
580Mt/Y of energy production with the energy consumed for the transportation deducted. 
This indicates how important the energy conversion efficiency is when converting the 
carbohydrates produced in the sublittoral zones to the resourceful form of energy.  
  Similarly, we calculated the energy production volume with the energy conversion 
efficiency of 50 %, and the ship transport fuel consumption critical distance with the energy 
conversion efficiency of 10 % for each harbor. The results are shown in Table 3. 
  At all harbors, large energy can be obtained with the energy conversion efficiency of 
50 % by utilizing the sublittoral zones of the depth shallower than 50 meters, despite that 
the sublittoral zones farther than 100 km from the harbors are difficult to utilize for this 
purpose. This tendency applies to many of the harbors of Japan (Figure9, Figure10).  
 
 
Table 3.  Ship Transport Fuel Consumption Critical Distance with Energy 
Conversion Efficiency of 10%, and that with Energy Conversion Efficiency of 50 %. 
 

 
 
 

10m 50m 10m 50m 10m 50m 10m 50m
1 Baoshan 90 90 60,840 75,582 11 Kagoshima 100 100 3,627 16,458
2 Qingdao 130 100 7,995 75,387 12 Hakata 180 120 7,235 28,197
3 Yantai 120 100 20963 76,401 13 Kitakyushu － － 10,023 37,791
4 Chinfandao － 110 22,620 76,928 14 Hiroshima 110 130 3,764 27,827
5 Yingkou 180 160 24,960 38,357 15 Okayama － 170 4,778 28,119
6 Dalian 130 100 16,692 69,908 16 Kobe － － 5,772 39,741
7 Nampho 110 100 22,874 79,092 17 Nagoya 160 150 4,583 18,974
8 Incheon 140 100 31,278 51,149 18 Shimizu － 190 936 3,647
9 Busan 120 110 5,304 18,096 19 Yokohama － － 3,666 12,129
10 Pohang 180 180 1,560 6,396

Critical
Distance（km）

Production Volume with
the Energy Conversion

Efficiency of 50 %
(KT/Y)

Harbors
Critical

Distance（km）

Production Volume with
the Energy Conversion

Efficiency of 50 %
(KT/Y)

Harbors
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Figure 9.  50% Value of Production Volume at Critical Distance of 10% Value in 10m 
zones. 

 
Figure 10.  50% Value of Production Volume at Critical Distance of 10% Value in 

50m zones.
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CONCLUSION 
 
As discussed, in this study we examined the possibility of the utilization of sublittoral zones 
with the harbor locations under consideration, on the assumption of the industrial use of 
algae, especially, arame. In the water territories of East Asia, our research discovered that it 
is not feasible to produce biofuel from the algae harvested from the sublittoral zones farther 
than 100 km to the nearby harbors, with the energy conversion efficiency of less than 10 %.  
The realization of such an endeavor necessitates the introduction of the technologies that 
achieve energy conversion efficiencies much higher than 10%, and requires the utilization 
of sublittoral zones close to harbors through international cooperation regarding the borders.  
These are imperative for the materialization in terms of the economical viability of such an 
attempt. On the other hand, this study exposed that it could be highly feasible to produce 
biofuel in the sublittoral zones close to the harbors with the accessibility to more than 
50,000 people, when the fitting locations of biofuel plants are serviced in the nearby seaside 
industrial areas, and the energy produced there is consumed by urban areas nearby. 
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