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Although direct injection of CO2 into the deep ocean is believed feasible for the mitigation of global warming, its impact
on the marine environment is of concern. To dilute the injected CO2 to the point of little biological influence, using a ship
that cruises and injects CO2, has been considered. To investigate the fate of CO2 near the ship and in a mesoscale site, a
multi-scale ocean model was developed in which a small-scale domain involving the injection ship moves in the mesoscale
domain. The simulation results suggested that the moving ship is effective in suppressing the rise of CO2 concentration.

INTRODUCTION

Global warming by greenhouse gases is believed to carry fatal
threats in the near future. The Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC), published in
2007, said that the increase of the total amount of anthropogenic
carbon dioxide (CO2� emitted into the atmosphere is the main
cause for global warming. The report also pointed out that the
acidification in the sea surface was due to the increase of CO2

concentration in the atmosphere. The second and third chapter of
this report, which mainly described the impact assessment due to
climate change, control of CO2 emission and mitigation technolo-
gies, claimed that carbon capture and storage (CCS) is one of the
possible solutions in the reduction of a large amount of CO2 in
the atmosphere.

Among the CCS methods, the ocean sequestration proposed
by Marchetti (1977) is thought to be effective, considering its
potential to accommodate an extremely large amount of CO2.
Nakashiki and Ohsumi (1997) suggested a method to release liq-
uid CO2 (LCO2� from moving ships by diffusing the injected
CO2 efficiently and minimizing its environmental impacts. In this
method, CO2 is captured and liquefied at a power plant; shipped
by LCO2 carrier to an offshore site, then reshipped to injection
vessels equipped with a pipe approximately 2000 m long; injected
in the form of droplets from nozzles at the end of the pipe; and
dissolved into seawater in the deep ocean.

Within the last decades, various numerical models have been
developed and used to predict the dilution process of CO2 injected
in the ocean. To predict the CO2 diffusion in the small scales
(O(10−2 km) to O(100km)) around the injection point, unsteady,
3-D models were developed (Alendal and Drange, 2001; Sato and
Sato, 2002; Sato, 2004; Chen et al., 2004; Chen et al., 2005).
These small-scale models predicted near-field distribution of phys-
ical and chemical properties, such as velocity, temperature, droplet
volume fraction, CO2 concentration, pH, and so on. Meanwhile,
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the transfer of dissolved CO2 concentration (DCO2�, dealt as pas-
sive dye, in large scales (O(104 km)) was simulated by a regional
model (Masuda et al., 2008).

Although the spatial scale of the CO2 ocean sequestration using
moving ships in an oceanic site is planned to be O(102 km), mod-
els covering this scale had not been developed, and a new numer-
ical ocean model was needed to predict CO2’s fate in the spatial
scale of 102 km. Further, on this scale, it is important to consider
the trajectories of CO2-injection ships, that is, additional CO2 may
be superimposed on the streaklines of previously released CO2,
which remains on the trajectory. In this study, a multi-scale numer-
ical model was developed, where a small-scale model domain
is nested and moves in the mesoscale model domain, as Fig. 1
schematically shows.

NUMERICAL METHODS

Mesoscale Model

Difficulties lie in the determination of boundary conditions
when deep oceanic fields are considered in numerical simula-
tions. For semi-enclosed bays and a coastal sea with shallow
seafloors, it is possible to consider the sea surface as the upper
boundary. However, in the deep ocean, internal waves are not
always barotropic, and ocean currents are expensive to measure
in a wide area. To overcome this difficulty and to generate fluc-
tuations inside the computational domain, this study applied the

Fig. 1 Schematic view of moving and nesting grid method




