
1 DESCRIPTION Title of Invention SYSTEM FOR TREATING SHIP BALLAST
WATER Technical Field [0001]      The present invention relates to a
system for treating ballast water that is stored in a ship in order
to stabilize the ship when the ship is underway. In particular, the
present invention relates to high-level treatment of ballast water
that is taken on board a ship and then discharged to another sea
area. Background Art [0002]      In recent years, treatment of
ballast water stored in a ship has become an issue. Ballast water is
sea water that is stored in a ship in order to enable the ship to
sail safely when the ship is not carrying cargo. Ballast water is
taken into a ship from the ocean near a departure port and is
discharged to the ocean near a destination port. That is, in a case
where sea water taken into a ship as ballast water at a departure
port is discharged at a destination port, such as a case where an oil
tanker leaves a port in Japan and arrives at a port in a Middle East
oil-producing country, such as Kuwait, and loads oil at the port, sea
water in a sea area in Japan is taken on board the ship as ballast
water and discharged to a sea area in the Middle East. In such a
case, because ballast water is discharged to a sea area that is
different from a sea area from which the ballast water was originally
taken, organisms in the sea water are transferred to a sea area that
is not their native habitat and may have a significant effect on
marine ecosystems. [0003]      Therefore, various methods for
purifying ballast water to remove, kill, or inactivate microorganisms
have been examined. For example, PTL 1 describes a method for killing
aquatic organisms by heating sea water. PTL 2 discloses a method
using steam, a method using ultraviolet irradiation, electrical
methods using voltage application and an impact wave, a method using
a chemical agent such as sodium hypochlorite, and the like.
Filtration methods have been also examined as pretreatment before
performing killing treatments described above or in order to remove
comparatively large microorganisms.  2 For example, PTL 3 discloses a
process for producing ballast water by using a membrane filter.
[0004]      The inventors examined such treatment of ballast water
and disclosed a filtration apparatus including a rotating cylindrical
pleated filter described in PTL 4. The ballast water treatment
apparatus includes a filter that is cylindrically formed so as to
surround an axis and that is rotatable around the axis; an untreated
water nozzle that ejects untreated water toward an outer peripheral
surface of the filter; a case that includes an outer cylindrical
portion that is disposed so as to surround the filter, a nozzle
opening of the untreated nozzle being located inside the case; a
filtered water channel through which filtered water that has passed
through the filter flows from a cylindrical space inside the filter
to outside of the case; and a discharge channel through which
discharged water that has not passed through the filter is discharged
to outside of the case. With such a structure, untreated water is
ejected toward the outer peripheral surface of the cylindrically
folined filter from the outside of the filter, so that untreated
water is filtered while the filter rotates and the surface of the
filter continuously moves. Thus, it is possible to continue filtering
untreated water while preventing the filter from being clogged, and
it is possible to remove foreign substances from untreated water more
efficiently than in a case where a flat filter having the same area
is used. Patent Literature [0005] PTL 1: Japanese Patent No. 3660984



4        b) a flow speed of cleaning water ejected from the cleaning
nozzle is 250 m/min or more,        c) a flow rate of filtered water
per unit area of the filter is 5.1 m/h or less, and        d) a flow
rate of discharged water discharged from the discharge channel is 5%
of the flow rate of filtered water or more. [0009]       As described
above, the inventors intensively examined appropriate conditions
under which a rotary filtration apparatus is to be operated. As a
result, the inventors found that, as a factor that influences a
steady-state filtration operation, there is a relationship between
the cleaning effect and the flow rate of discharged water.
Accordingly, the inventors found factors and conditions for realizing
a long time steady-state operation. When the apparatus having the
structure described above satisfies the operation conditions a) to
d), it is possible to perform a ballast water treatment operation,
which is needed for a general ship, without stopping the operation
due to clogging. [0010]       Untreated water that flows into a
filtration apparatus is divided into filtered water, which is
filtered and used as ballast water, and discharged water, which is
not filtered and discharged. Therefore, (flow rate of untreated
water) = (flow rate of filtered water) + (flow rate of discharged
water). In a case where the filtration apparatus is operated while
maintaining a necessary flow rate of filtered water, if the flow rate
of discharged water is gradually decreased, the concentration of
suspended particles in untreated water that are not filtered and
accumulated in the case gradually increases. As a result, clogging
becomes more likely to occur. On the other hand, increasing the flow
rate of discharged water is disadvantageous in terms of the
efficiency of the entirety of filtration operation. Therefore, there
exists an appropriate relationship between the flow rate of filtered
water and the flow rate of discharged water. Even when the flow rate
of filtered water is stable, clogging develops if the cleaning effect
of the filter, which is membrane filter, is weak. The inventors
confirmed that the disposition of the cleaning water nozzle, the flow
rate of cleaning water, and the rotation speed of the filter
contribute to appropriate cleaning. [0011]  5 microorganisms and
suspended particles and has a turbidity in the range of about 1 to
1000 nephelometric turbidity unit (NTU). Examples of harmful
microorganisms in sea water include Escherichia coli; Vibrio
cholerae; Enterococcus; and larvae of plankton such as water flea,
asteroidean, and seaweed. The sizes of these microorganisms are
mostly in the range of 0.3 to several hundred pm. A filter is used to
remove suspended particles and microorganisms from sea water.
Suspended particles to be removed include non-organic components,
such as silica, and have various sizes. In order to effectively
remove such microorganisms, a filter that can remove planktons in sea
water having a size of 50 pm or more, preferably 30 pm or more, and
more preferably 10 pm or more is used. In order to obtain the
advantages of the present invention, it is preferable that the filter
can remove 99% or more of microorganisms in sea water having a size
of 30 pm or more. In particular, the present application is effective
in treating a large amount of ballast water by using a filter having
a large area of 5 m2 or more. Preferably, the present application is
effective in terms of a long time operation when used in a large
apparatus having an effective filtration area of 30 m2 or more.
[0012]      With the apparatus and the method according to the



13 ultraviolet irradiation device 21,22 pump 31, 32, 33, 34, 35, 36,
37, 38 pipe 101filter 102 cleaning water nozzle 103 case 104 central
pipe 105 water intake hole 106 untreated water channel 107 filtered
water channel 108 discharge channel 112 untreated water nozzle 121
nozzle opening 131 outer cylindrical portion 132 cover portion 133
bottom portion 140 electric motor 141 shaft 151 water intake channel
7 152 pump 153 cleaning water channel Description of Embodiments
[0016]      The structure of a ballast water treatment system for a
ship and a method of treating ballast water according to the present
invention will be described with reference to the drawings. The
present invention is not limited to these but is described in the
claims, and is intended to include all modifications within the scope
of the claims and the equivalents thereof. [0017]      Figure 1
schematically illustrates the overall structure of a ballast water
treatment system for a ship according to the present invention.
Referring to Fig. I, untreated water, which is sea water taken from
the ocean, is fed by a pump 21 through a pipe 31, and the untreated
water is supplied through a pipe 32 to a filtration apparatus 12,
which is filtration means. Filtered water, which has been filtered by
the filtration apparatus 12, flows through a pipe 33 to sterilization
means 13 (which is optional), such as an ultraviolet irradiation
device. Discharged water, which has not been filtered by the
filtration apparatus 12, flows through a pipe 35 to the outside of
the apparatus. Sterilized sea water flows through pipes 34 and 36 to
a tank 11. [0018]      Figures 2 and 3 are schematic views showing a
typical structure of a rotary filtration apparatus, which is
filtration means. Figure 2 is a longitudinal sectional view of the
rotary filtration apparatus. Figure 3 is a cross-sectional view taken
along line A-A of Fig. 2. A cylindrical filter 101 is disposed so as
to surround a shaft 141, which serves as the center of rotation. The
filter 101 is attached so as to be rotatable around a central pipe
(that does not rotate and) that is disposed at the center. Preferably
used as the filter is a pleated filter having folds that are formed
so that protrusions and recesses are alternately arranged in the
radial direction of the cylinder. The upper and lower sides of the
filter are closed so as to be watertight. It is necessary that a
rotatable attachment structure be also watertight, but the attachment
structure is not particularly limited and a known structure is used.
A case 103 covers the entirety of the filter 101. The case 103
includes an outer cylindrical portion 131, a cover portion 132, and a
bottom portion 133. A discharge  8 channel 108 is connected to the
bottom portion 133. Sea water, which is untreated water, flows into
the case 103 through an untreated water pipe 106. A cleaning water
nozzle 102 ejects untreated water, which is cleaning water, toward a
filtration surface of the filter 101. The cleaning water nozzle 102
extends from the untreated water pipe 106 so that a nozzle opening
121 thereof is located inside the outer cylindrical portion 131 of
the case 103. Therefore, untreated water is ejected toward the outer
peripheral surface of the filter. [0019]      In the present
embodiment, untreated water ejected from the cleaning water nozzle
hits the pleated outer peripheral surface of the pleated filter. The
pressure of the untreated water produces an effect of cleaning the
filter. The shaft 141 of an electric motor 140 is connected to a
central shaft of the cylindrical filter 101, so that the filter 101
is rotated by the electric motor 140. As the filter 101 rotates,



9 substrate so as to form a pleated shape by alternately forming
protrusions and recesses and connecting ends of the strip to each
other so as to form a cylindrical shape. In Fig. 4, untreated water,
which is to be filtered, is supplied from outside of the filter 101,
which is a cylindrical pleated filter, and water that has been
filtered by the filter 101 is discharged from inside of the cylinder.
[0022]      A porous resin sheet is used as the substrate of the
filter. A porous structure such as a stretched porous body, a porous
body by phase separation, or a non-woven cloth, which are made of,
for example, polyester, nylon, polyethylene, polypropylene,
polyurethane, polytetrafluoroethylene (PTFE), and polyvinylidene
fluoride (PVdF) may be used. Because ballast water treatment is
performed at a high flow rate, a non-woven cloth made of polyester,
such as polyethylene terephthalate, is particularly preferably used.
The dimensions of a pleated filter may be, for example, as follows:
the outside diameter of the pleated filter is 700 mm, the length of
the filter in the axial direction is 320 mm, the height of an
effective area is 280 mm, the depth of pleats is 70 mm, and the
number of pleats is 420. The effective area may be changed and a
plurality of filters may be used in parallel in accordance with the
amount of water needed to be treated. [0023]      Figure 5 is a
diagram showing the positional relationship between the nozzle
opening 121 of the cleaning water nozzle 102 and the pleated filter.
The distance d from an end of the nozzle opening to a surface of a
recess of the filter will be referred to as the distance between the
cleaning nozzle and the recess of the filter. [0024]      Figure 6
schematically illustrates another overall structure of a ballast
water treatment system for a ship according to the present invention.
The elements the same as those of Fig. 1 are denoted by the same
numerals, and redundant description will be omitted. The difference
between Fig. 6 and Fig. 1 is that, the system further includes a
circulation channel, including a pipe 37, a pump 22, and a pipe 38,
for circulating untreated water that has not been filtered by the
filtration apparatus 12 in order that the untreated water can be used
as cleaning water. In this case, an untreated water nozzle and a
cleaning water nozzle are independently provided. [0025]  10
Such a structure will be described with reference to Fig. 7. The
elements the same as those of Fig. 2 will be denoted by the same
numerals, and redundant description will be omitted. To be specific,
the circulation channel, described above with reference to Fig. 6,
includes a water intake channel 151, a pump 152, and a cleaning water
channel 153. Untreated water, which circulates from the cleaning
water channel 153, is supplied to the cleaning water nozzle 102. In
addition, untreated water from the outside flows into the case
through the untreated water channel 106 and an untreated water nozzle
112. In contrast to Fig. 1, the flow rate (flow speed) of cleaning
water can be controlled independently from the flow rate of untreated
water supplied, so that the degree of freedom of controlling the
cleaning effect is increased. EXAMPLES [0026]       Hereinafter, the
results of filtering sea water under various conditions will be
described. In each experiment, a continuous operation was performed
for 12 hours under a predetermined condition and whether or not the
filter was clogged was checked. Whether or not the filter was clogged
was determined by measuring the differential pressure, which is the
difference between the pressure of water inside the filter and the



13 not occur when the discharge ratio was 5.0% or 40%. [0032] [Table
I] arpoiD Present/absent I Present Absent Absent  Absent  Absent
Present  Absent I Present  Absent I Absent  Present  Absent  Absent
Present  Present  Absent I Rotation speed Ludt 617  05   817  OZ  OI
001  NI  ES  517  05  55  



E5  617 LI,  917  aotteisp awop4 LULU t7L 171., tL. tt,  t7L t7L, lit
*frt. OZ I  05I  t7L tit tit Vt  I7L, Discharge ratio  O'Z6 6.95  Ott
0.17E 076  0716  (YZ6  0716  O'Z6  O'Z6 



O'Z6 0.E5 0.8Z  cc  Vt  Flow rate of discharged water Ty ECU Z.6 L.8
8.8 9.8 V8I  V8I  178I  17.8 I V8T  17.8I V8I  VEl  VS  I .E 01  Flow
rate of filtered water Wel 001 E'5 I 0.0Z  E'5Z 0'0Z 0.0Z  0.0Z  0.0Z



0.0Z  (TOZ  OTIZ  1St  0.0E E.5E O'LZ 01Z  Flow rate of filtered
water per unit area IVIll ti  9'Z  17   YE  VE  VC  E  V E  VE   T
09  917 917  Effective titration area ZUT Z8.5 Z8.5  Z8'5 Z8.5 Z8.5
Z8.5 Z8.5 



Z8.5 Z8.5  Z8.5 Z8.5 Z8.5 Z8.5 Z8.5  Z8.5 Z8.5 Cleaning Dow speed
00Z  05Z  00  05E 0017  0017 001t  0017  001'  0017 0017  0017  0017
0017  Z6Z  ZOE  Apparatus   V  V  V  V   



V         v  -- rb' a ...2  zI El I I 9   8  6 OI  I' Z I  El 171 ST
9T  [0033] [Table II] suls'20to Presentiabsent Absent I Absent
Present Present I 



Absent I Present Absent  Rotation speed nab I9t  Ig I6t7  Lit7 Ios I
is  Izs Nozzle distance LULU 18  18  18  L  18  18 18  18 Discharge
ratio  C9I   17.6  L'6Z 0.0Z 61  I'S  Flow rate of dischuged water 



11/eLI 0.0Z  0*OZ  0*OZ  911  0.Z1 017  CS  Flow rate of filtered
water [up 0.0ZI  6.6L1  LITZ  ES17  0'09  Et01  *ZOI  Flow rate of
filtered water per unit area  VI  I'S 0'9  IT    Effective filtration
area  9E 91  91 91  91  91  91  



Cleaning flow speed ITRUAU 9817  1769  cos  90Z  OSZ  691  ELI
Apparatus     Ff  El  El  El 1). s TZ  ZZ  It  17Z  SZ  9Z  Lt
[0034] [Table III]  ttraola Present/absent Present Absent  tuoscpv 



Present Absent  ittasaid Absent  Absent  Rotation speed Inch t7S  IS
OS  817  61' Lt7 I g  9t7  Nozzle distance LULU t7L   t7L  t7L  t9L.
i7L Vt  17L  Discharge ratio %  Etc  Etc Etc  8'9E  171 S  017 



O'g  OOt7 Flow rate of discharged water WEILI 08  08  08  Ott  flE
801 O'I  0.8 Flow rate of filtered water ti/ ECU E'SI  E.g.! E'S I
E'g E  E'SZ  0.0Z  O'ClZ  0.0Z  Flow rate of filtered water er unit
area Lbw  9.Z  97  vp El? t7-   



Effective filtration area ZLIT Z8 'S  Z8 'S  Z8 'S  Z8'5  Z8 'g  Z8
'g  Z8 'g  Z8*g  Cleaning flow speed tilUljtCI 00Z  OSZ  911'  05S
Ogg  911:7 911' 9117 Apparatus  C)  C.)  Ia  1  c) 1 1 1 Q,.. 1E  ZE



cc  I t7E  SE  9E  LE  8E   16 CLAIMS [Claim 1]      A ballast water
treatment system for a ship, the system comprising a rotary
filtration apparatus including a filter that is cylindrically formed
so as to surround an axis, that is rotatable around the axis, and
that has a pleated shape that is folded in a cylinder radial
direction; a cleaning nozzle that ejects untreated water toward an
outer peripheral portion of the filter; a case that includes an outer
cylindrical portion that is disposed so as to surround the filter, a
nozzle opening of the cleaning nozzle being disposed inside the case;
a filtered water channel through which filtered water that has passed
through the filter flows from a cylindrical space inside the filter
to outside of the case; a discharge channel through which discharged
water that has not passed through the filter is discharged to outside
of the case; and an electric motor for rotating the filter,
wherein a distance between the cleaning nozzle and a recess of the
filter is 120 mm or less, and      wherein the ballast water
treatment system is configured to perform a steady-state operation
that satisfies the following conditions a to d:       a) a rotation
speed of the filter during a filtering operation is in the range of
20 to 100 rpm,       b) a flow speed of cleaning water ejected from
the cleaning nozzle is 250 m/min or more,       c) a flow rate of
filtered water per unit area of the filter is 5.1 m/h or less, and
d) a flow rate of discharged water discharged from the discharge
channel is 5% of the flow rate of filtered water or more. [Claim 2]
The ballast water treatment system for a ship according to Claim 1,
wherein the filter has an effective filtration area of 5 m3 or more
and is capable of removing 99% or more of microorganisms in sea water
having a size of 301.1m or more. [Claim 3]      The ballast water
treatment system for a ship according to Claim 1 or 2, wherein in a
case where the untreated water is sea water having a turbidity in the
range of 1 to 1000 NTU, the ballast water treatment system is capable
of continuing the steady-state operation for 12 hours or more.  17
[Claim 4]      A ballast water treatment method for a ship, the
method using a rotary filtration apparatus including a filter that is
cylindrically formed so as to surround an axis, that is rotatable
around the axis, and that has a pleated shape that is folded in a
cylinder radial direction; a cleaning nozzle that ejects untreated
water toward an outer peripheral portion of the filter; a case that
includes an outer cylindrical portion that is disposed so as to
surround the filter, a nozzle opening of the cleaning nozzle being
disposed inside the case; a filtered water channel through which
filtered water that has passed through the filter flows from a
cylindrical space inside the filter to outside of the case; a
discharge channel through which discharged water that has not passed
through the filter is discharged to outside of the case; and an
electric motor for rotating the filter,      wherein a distance
between the cleaning nozzle and a recess of the filter is 120 mm or
less, and      wherein a steady-state operation that satisfies the
following conditions a to d is performed:       a) a rotation speed
of the filter during a filtering operation is in the range of 20 to
100 rpm,       b) a flow speed of cleaning water ejected from the
cleaning nozzle is 250 m/min or more,       c) a flow rate of
filtered water per unit area of the filter is 5.1 m/h or less, and
d) a flow rate of discharged water discharged from the discharge
channel is 5% of the flow rate of filtered water or more. 


