- 1 - Description Floating harbor power supply The
invention relates to a floating harbor power supply
for ships, as clained in patent claim1l. The
invention also relates to a systemfor supply to
and/or disposal fromships ip harbor, as clainmed in
patent claim 10. |Inportance Ts increasingly being
pl aced on reduced em ssions in harbors throughout the
worl d. This also applies to ship novenent. Nowadays,
Descilipk$opor mal practice for ships to produce their
electricity requirenent in harbor using their own
el ectricity produci ng equi pnent, generally one or nore

Floatifgehargerepatialr ahpgelerators. Since these machines
were optimzed to burn heavy diesel oil, that is to

say HFO, and in sone cases also burn marine diese
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to apegeenrt Sochsspplly HOXanGORradd s§Osaflofmam shipBUin harbor,

as cgﬁﬁﬁgh!Qﬁsﬁé?%§?3%ﬁggﬁa@g_93/12/EG have di scussed

IpsS in el ng supplied with external energy.
In this context, it 1is already known for ships to be

InmpoSHARbeedsWihhrekachhl ¢l brihpopn athe gHayehistal bat k8Aons in
harbgiéeq%ggghéhgh%o E eer&gglgg a%hlgo glso applies to ship
movement. Nowadays, it ig normal practice for ships to produce
their electricity requirement in harbor 1using their own
electricity producing ecquipment, generally one or more diesel
generator or generators. Since these machines were optimized to
burn heavy diesel o0il, that is to say HFO, and in some cases
also burn marine diesel o0il, that is to say MDO, in harbor,
these diesel generatbrs produce amounts of éoot, NOy, CO; and

SO, which should not be underestimated.

In order to prevent such soot, NOy, CO; and S0, formation, EU
Guidelines 1999/32/EG and 93/12/EG have discussed ships in
harbor being supplied with external energy. In this context, it
is already known for ships to be supplied with electricity from
the quay installation (frequently also referred to as "Cold

Ironing").

By way of example, US 7,122,913 B2 discloses a modular harbor
electricity supply for ships in harbor, which supply can be
moved along the quay.

OCne problem with an electricity supply from the quay such as
this is that it i1s necessary for the electricity supply to a
ship in harbor to compensate for differences in the water level
and the lcad level of the ship in harbor. Furthermore, the

readiness of such




Ironing”"). By way of exanple, US 7,122,9.3 B2

di scl oses a nodul ar harbor electricity supply for
ships in harbor, which supply can be noved al ong the
quay. One problemw th an electricity supply fromthe
quay such as this is that it is necessary for the
electricity supply to a §hﬁﬁ in harbor to conpensate
for differences in the water Ievel and the |oad |evel
of the ship in harbor.. Furthernore, the readi ness of

h rbar._ power I er fr the
= negif Honed Wied B Sntilh £ 3R By 100 Wi gversely
affectegsl, ZorTlexaphjlecetohiche tpdesent invention is
therefore to specify a harbor power supply for ships
whi ch all ows the abovenenti oned problens to be
substantially avoided. This object is achieved by a
floating (or floatable) harbor power supply for
ships, that is to say all the conponents of the
har bor power supply are arranged on or in a floating
device, in particular a barge. Advantageous
devel opnents of the floating harbor power supply are
the subject matter of patent clains 2 to 9.



‘A floating harbor power supply can nove itself wth

the water level in the sane way as a ship in harbor

as a result of which there is no need to conpensate
for differences in the water level. Only differences
in the load state of a ship peed be conpensated for

Furthernore, this also ensurés that the harbor power
supply can operate at high tide. A floating harbor

power supply, particularly when it is in the form of
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to generate a price for every kWwh emtted fromthe
floating harbor power whose proceeds wll be
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are PR¥CkuBHRRLY meefpanyf( bAteaspethink el estpicity
obtained from the shore) and 60%to the financer of

the floating harbor power supply.
A floating harbor power supply can move itself with the water

level in the same way as a ship in harbor, as a result of which
there is no need to compensate for differences in the water
level. Only differences in the load state of a ship need be
compensated for. Furthermore, this also ensures that the harbor
power supply can operate at high tide. A floating harbor power
supply, particularly when it 1is in the form of a barge, can
also be moved easily and - for example in the event of a
catastrophe - can also be used to feed electricity into shore-
based electricity supply company grid systems.

A further advantage is that power supply companies need not
provide services for ship connection (expensive lines, which
are not used all the time). Furthermore, the investment for a
floating harbor power supply such as this may be less than for
a shore-based power supply, since it can be arranged on the
quay, protected against flooding in the event of storms. For
example, it will be possible to generate a price for every kWh
emitted from the floating harbor power supply whose proceeds
will be split to provide 20% to the harbor operator, 2% to the
power supply company (in respect of electricity obtained from
the shore) and 60% to the financer of the floating harbor power

supply.



- 3 The conponents of the harbor power supply on
board the floating device include, for exanple,
generators, transformers, converters, cables, cable
drunms, controllers and plug connectors. The floating

har bor power supply is pref %ably able to supply
electricity at a voltage/ frequency of 6.6 kV/ 60 Hz,

440 VI 60 Hz and 380 V/50 Hz. In principle, in addition
to supplying electricity to ships in harbor, the
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fromJanuary 1, 2010,
In order to produce electricity, the harbor power supply may

comprise an internal combustion engine and a generator driven
by the internal combustion engine. For example, it is possible

to use very modern motor-generator sets with a power of 2-5 MW.

The internal combustion engine is preferably operated using
low-sulfur fuels, biofuels or natural gases. If diesel fuel is
used, it is advantageous to use diesel fuel with a maximum
sulfur content of 0.1%. Particularly in the case of elderly
ships, this makes it possible to comply with the emission limit
values for ships in European Community harbors as required by
EU Directives 1999/32/EG and 93/12/EG, from January 1, 2010,
thus ensuring their electricity supply in harbor without any
need for major conversion work on the pier or in the ships. all
that need be provided in the ships themselves is appropriate
electricity connection apparatuses which, however, also have to
be provided for a shore-based electricity supply (Cold

Ironing).

The harbor power supply advantageously alsoc comprises a heat
coupling device for transmission of heat from the exhaust gases

of the internal combustion engine to a fluid, in particular



thus ensuring their electricity supply in harbor

W t hout any need for major conversion work on the
pier or in the ships. Al that need be provided in
the ships thenselves is appropriate electricity
connection apparatuses whi chy however, also have to

be provided for a shore-based electricity supply (Cold
I roning). The harbor power supply advantageously al so
conprises a heat coupling device for transm ssion of
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al so conprlses a device for cleaning the exhaust
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a dev1ce for cleanlng the exhaust gases of the internal
combustion engine. This makes i1t possible to keep emissions
(CO;, NOy, CO, PM/soot) 1low. Appropriate technolcecgies (for
example SCR) are already available. Alternatively, for example,

it is also possible to use stable H;0 diesel-oil emulsions.

Alternatively or additionally, the floating harbor power supply

may also comprise fuel cells for electricity production.

Alternatively or additiocnally, the harbor power supply may also

comprise solar cells for electricity production.

The harbor power supply preferably comprises a converter for
matching the voltage, frequency and phase angle of the electric
current produced by the harbor power supply to the voltage,
frequency and phase angle of the on-board power supply system
or of some other load on a ship in harbor.

By way of example, this can be connected on the input side to
an electricity generator, and can be connected on the output
side to the on-board power supply system or to the other load

on the ship in harbor.



(CO2, NON, CO PMsoot) |ow Appropriate technol ogies
(for exanple SCR) are al ready avail abl e.
Alternatively, for exanple, it is also possible to
use stable H20O di esel -o0il enulsions. Alternatively or
addi tionally, the floating_harbor power supply may

al so conprise fuel cells for electricity production.

Al ternatively or additionally, the harbor power supply
may al so conprise solar cells for electricity
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When electricity is being supplied to a ship on-board power
supply system, the harbor power supply advantageously comprises
a device for detection of the wvoltage, frequency and phase
angle of the ship on-board power supply system. When using a
converter as mentioned above, the device for detection of the
voltage, frequency and phase angle of the on-board power supply
system may, for example, be integrated in the converter, and
may measure the voltage, frequency and phase angle of the on-
board power supply system, at the converter outputs.

The object on which the invention is based is also achieved by
a system for supply to and/or disposal from ships in harbor, as
claimed in patent claim 10. Advantageous refinements of the

system are the subject matter of patent claims 11 to 23.

The system according to the invention comprises at least one
barge with a floating (or floatable) hull, which is designed
independently of the task, and a plurality of function modules
for different supply and/or disposal tasks, which are
configured such that they can be combined depending on the
supply and/or disposal task and can be installed on or in the
floating hull of the at least one barge, wherein the function

modules comprise at least



advant ageous refinenent, the converter is therefore

al so used to feed the electrical power that is
produced to an electric drive notor, for exanple a
steerabl e propeller, for propulsion of the floating
har bor power supply. The conyerter then matches the
vol tage and frequency of the’electrical power produced

by the harbor power supply to the voltage and
frequency required for the electric drive notor. Wen
one ellestiriciity i sroéuaing upplitd tfora sipglydmdoasdepowver ships
in RSYRRLY system the harbor power supply advantageously
conpri'ses a device for detection of the voltage,
frequency and phase angle of the ship on-board power
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advantages can be achieved by the system according to the

invention.

In this case, the fundamental idea is that, in addition to the
electricity demand, there is a considerable additional supply
and disposal demand for various media for ships in harbor. By
way of example, these include gray water and black water, and

pessibly also oil sludge.

A barge such as this can therefore be used for various supply

and/or disposal tasks.

In this case, a function module comprises all the major
components which are required te fulfill its function (for

example electricity supply, gray-water disposal, etc.).

The dimensions and the nature and arrangement of the connecting
and attachment technology to the floating hull are preferably

uniform and standardized for the function modules.

The function modules preferably have a transport container
format, and/or are in the form of a transport container. All

that



i ndependently of the task, and a plurality of function

nmodul es for different supply and/or disposal tasks,

whi ch are configured such that they can be conbi ned

depending on the supply and/or disposal task and can

be installed on or in the ggoating hul | of the at

| east one barge, wherein thé€%unction nodul es

conprise at least 6 one electricity produci ng nodul e

for supplying power to ships in harbor. A barge on
s tMgs telCi r ' uch . .
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may conprise one or nore of the conponents nentioned

above in the context of the floating harbor power

supply, for electricity production, electricity

conversion, heat coupling, exhaust-gas cleaning and

detection of the voltage and frequency of the

on- board power supply system and can exploit the

advant ages whi ch can be achieved therefrom

Furt hernore, however, nunerous further other

advant ages can be achi eved by the system according to

the invention. In this case, the fundanental idea is

that, in addition to the



electricity demand, there is a considerable additiona
supply and di sposal demand for various nedia for
ships in harbor. By way of exanple, these include
gray water and blrack water, and possibly also oi
sl udge. A barge such as this,can therefore be used for
various supply and/or disposal tasks. In this case, a
function nodul e conprises all the major conponents
which are required to fulfill its function (for
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functigat mpguhgsl are preferably wuniform and standardi zed
for the function nodul es. The function nodul es
referably Eave a transport container format, and/or
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nounting, space, etc.). - 7 The hull is preferably
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ucts, an or accommodatt on such contal neri ze _
ship, the function modules may alsc comprise at least one
waste-water accommodation module (for example in the form of a

tank) .

In order to clean gray-water or black-water disposal devices on
board a ship, the function modules may furthermore also

comprise at least one cleaning module.

If the fresh water is intended to be obtained directly from sea
water or river water, the function modules may also comprise at

least one fresh-water producing module.

In order to store and emit fresh water to a ship or in order to
store sea water, the function modules may alsoc comprise a water

storage module (for example in the form of a tank).

Furthermore, the function modules may comprise at least one
drive module for (preferably electrical} propulsion of the
barge, and a control station module for presetting the
direction of movement and speed of a barge which is driven by a

drive module.

In addition to supply to and/or disposal from ships in harbor,
a system according to the invention can in principle also be
used for supply to and/or disposal from ships or other devices
which are located or are lying in sounds or close to coasts or

shores.



functi on nodul es. The function nodul es may conpri se at

| east one fuel nodule (for exanple in the formof a

tank) for supplying fuel to the electricity producing

nodul e. In order to accommpdate gray way and/or bl ack

water froma ship, the funcéion nodul es may al so

conprise at |east one waste=water acconmodati on

nodul e (for exanple in the formof a tank). In order

to clean gray-water or bl ack-water disposal devices on

board a ship, the function nodul es may furthernore _

ompr se. at, | ea 0 | eaning.nodule. |f _the

ror BARPIETEY % Hrifabtr Th0hE SRt Sinel di PRERRy 2Pr mEucboat
withsezne warertwsy diiee watieiest rnd upessohlvodul Bsehayodule as
welldld £0EBLEES1Alse M MG TL £ShAYatY RERAULI B8wer supply

nodul e. In order to store and emt fresh water To a
bargenhiplich PR GGG 1tat Prodesingt BPAulfle anghct i fuel module

(forMshHngsl dTBYs Bh§ OLRONRIY SBudl Wat 8l a HHiAgewi®ed| et (Ebplies
xanpl.e in the formof a tank). Furth?{ re, the
elecFiALRloPIRI S 45 CONpt (2% BEoPEadt dieid gPvEey source,
whichoguoguces (ptefller ahky reheehtiatabplpuepovhsi on of the
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direction of novenent and speed of a barge which is
The guovbarey &hegr cpdlesdsgl @ disposal barge, which is equipped

with modules for gray-water and black-water disposal and
cleaning, and moves this to the ship. The disposal barge is
subsequently collected again by the tug barge from the ship.
The disposal barge can then be converted to a fuel supply
barge, and the waste-water accommodation and cleaning modules
are passed on for regular maintenance. If a tug is available,
the tug barge can alsc be converted to a pure power supply
barge if, for example, dike work is being carried out, for
example, on the waterfront and pumps and electrical machines
must be supplied with electricity. At the same time, two barges
with fresh-water producing modules and fresh-water storage
modules could be prepared for deployment to third-world
countries, where they should ensure the water supply for

neighboring states for 2 years.

The systems comprise individual modules, matched to one
another, with standardized interfaces, which allow rapid and
problem-free conversion. Advantageous and optimized services

are provided in this way.

The fundamental design of a modular barge is preferably

subdivided intc:



In addition to supply to and/or disposal fromships in

harbor, a systemaccording to the invention can in

principle also be wused for supply to and/or disposa

fromships or other devices which are |ocated or are

lying in sounds or close to.coasts or shores. 8 For

exanple, it is thus feasiblg %o equip a barge as a

tugboat with one or two drive nodul es and possibly a

fuel module as well as a control station nodule, and
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produces little environmental polTution. The tug

barge then collects a disposal barge, which is

equi pped with nodul es for gray-water and bl ack-water

di sposal and cleaning, and noves this to the ship.

The di sposal barge is subsequently collected again by

the tug barge fromthe ship. The disposal barge can

then be converted to a fuel supply barge, and the

wast e- wat er accommodati on and cl eani ng nodul es are

passed on for regular maintenance. If a tug is

avai |l able, the tug barge can al so be converted to a
pure power supply barge if, for exanple, dike work is
bei ng carried out, for



exanple, on the waterfront and punps and el ectrica
machi nes nust be supplied with electricity. At the
same tinme, two barges wth fresh-water producing
nodul es and fresh-water storage nodules could be
prepared for deploynent to tBIrd worl d countri es,
where they shoul d ensure the”water supply for
nei ghboring states for 2 years. The systens conprlse
i ndi vi dual nodul es, matched to one another, wth
b) starmardi zmdréntserafraims:liwdfd,chia] Ipartfaphﬁaand:ontainerized

prab] am gy %Oﬁﬂ%vser %@%%W%% géﬂam Zt%}dey can be

services are IS wa ment a

d & gH-ast QPrﬁhﬁﬂQﬂCqmmqﬁﬁﬁk?ﬁnﬂﬁaﬂeﬂaly subdi vi ded
into: - 8a a) the barge itself as a marine body with

a floati hull and wth _a plurality of accommodati on
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The function modules may also have standardized attachment

means for mounting a function module on or under, or attaching

it to, another function module.

The intelligence of the overall system is advantageously
distributed between the containers which, because of the
modularity, can also be replaced if required. The containers
may also contain different function modules, which may be used
as required, and may be kept and prepared for operation at a
central point on the shore. If required, these modules can also
be operated on shore from goods vehicles or trains. For
example, an electricity producing module can also be used in
the event of a catastrophe, with or without a barge. The major

advantage in this case is the flexibility.

The floating harbor power supply preferably comprises a
converter whose frequency and voltage can be controlled and
which can be connected via a switchable electrical line to a
ship in harbor. This therefore makes it possible to ensure that
electricity is transmitted to a ship at all times without any
problems without any need to provide a large number of
electrically differently equipped ship connections on board the
floating harbor power supply.



The

standar di zed hei ght, w dth and depth and standardi zed
attachnment nmeans on their bottom surface and/or side
surface for the attachment of the function nodul es.
The function nodul es nay al so have standardi zed
attachnment neans for nmounting a function nodule on or
under, or attaching it t6,93nother function nodul e.
The intelligence of the overall systemis
advantageously di stri buted between the containers
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requi red, and may be kept and prepared for operation
at a central point on the shore. If required, these
nodul es can al so be operated on shore from goods
vehicles or trains. For exanple, an electricity
produci ng nodul e can al so be used in the event of a
catastrophe, with or without a barge. The mgjor
advantage in this case is the flexibility. The

fl oati ng harbor power supply preferably conprises a
converter whose frequency and vol tage can be
controll ed and which can be connected via a
swtchabl e electrical line to a ship in harbor. This
therefore nmakes it possible to ensure that
electricity is transmtted to a ship at all tines

Wi thout any problems without any need to provide a
| ar ge nunber of

can



electrically differently equi pped ship connections on

board the floating harbor power supply. - 9a The
converter is advantageously designed such that it can
convert any desired input voltages and frequencies 10

to voltages and frequencies ich currently exist in

the on- board power supply system of a ship in harbor
On-board power supply systens are al so subject to

certain fluctuations in their voltage and in their
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supply, with the output part of the converter being matched to
the respective frequency, voltage and phase angle of the on-
board power supply system, in order to supply electrical power
to the ship in harbor. There i1is no 1longer any need to
synchronize the on-board power supply system to the harbor
power supply, that is to say to change the on-board frequency
and voltage toc the harbor power supply wvalues, and this is

highly advantageous.

The converter particularly advantageously has an open-locp and
closed-loop control device which appropriately adapts the power
output and keeps the frequency stable when there is a change in
the power demand on the output side, which is evident in a
tendency for the frequency to changé. It is therefore very
advantageously possible to ensure that, after the harbor power
supply has been switched on, the load can be removed from the
energy generators on board the ship and they can be switched
off, without any frequency and voltage changes occurring in the
on-board power supply system. The connection of additional
loads, for example for the purposes of the so-called hotel load
and the so-called auxiliary operation, also does not influence
the voltage and frequency of the on-board power supply system.
Controlled by the frequency tendency, the converter keeps the
frequency and voltage in the on-board power supply system
stable_ '



power supply, that is to say to change the on-board
frequency and voltage to the harbor power supply
values, and this is highly advantageous. The
converter particularly advantageously has an open-1oop
and cl osed-1oop control deﬁbce whi ch appropriately
adapts the power output and“&eeps the frequency
stable when there is a change in the power demand on
t he out put side, which is evident in a tendency for
: f C . I.s therefore very. . .
wicholl SERAENEY FOraBEREn, bY ke S o L o BE) s atter the
convigxitigsr heewereens sppltghleds obeen switched on, the |oad
can be renoved fromthe energy generators on board
the ship and they can be switched off, w thout any
In  thagueft§e andhRl CRGYeEhgagebasccepeinte9P tansl closed-loop
cont@@1boasEpPRUEE s SURR] YpaYet 8l aFhesSORRSEL 1 components,
whic d%ltl nal Ioaq%, fo& exangle for the purposes of the
0*E5 T ed°nbt EP L84 “ERB PRe3sY¥OLEPLEd auxiliary
operation, also does not influence the voltage and
frequency of the on-board power supply system
Controlled by the frequency tendency, the converter
keeps the frequency and voltage in the on-board power
supply system stable - 10a w thout any need for
action by the crew of the ship after the converter
has been sw tched on.



In this case, the converter has open-|oop and

cl osed-1 oop control conponents, in particular

sof t war e- based conponents, which react to a voltage
drop or a voltage - 11 rise in the on-board power

supply system by increasing&ﬁL decreasing the
frequency, for exanple by ¢ ecting or disconnecting
generators or | oads. The converter in the harbor

power supply can therefore have an advant ageous effect
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A wide range o% different types of converter may be used. A PWM

converter is particularly advantageous, on one side of which
the electricity produced by the harbor power supply can be
tapped off, with its voltage and frequency, and whose other
side then produces the on-board electricity for the ship in
harbor, at the required voltage and frequency.

A converter using intermediate-circuit technology is
furthermore highly advantageous, particulariy' when it has a
reactive-current compensating component in the closed-loop
control. Two parts which are subject to open-loop and closed-
loop control independently of one another, and between which
electrical power is transferred, are provided internally for

this purpose.

The invention and further advantageous refinements of the
invention according to features of the dependent claims will be
explained in more detail in the following text with reference

to exemplary embodiments in the figures, in which:

Figure 1 shows a longitudinal section through a floating
harbor power supply,
Figure 2 shows an outline illustration of a modular system

for supply to and/or disposal from ships in



control. Two parts which are subject to open-loop and
cl osed- | oop control independently of one another, and
bet ween which electrical power is transferred, are
provided internally for this purpose. The invention
and further advantageous rﬁiinenents of the invention
according to features of The lependent claims wll be
expl ained in nore detail in the following text with
reference to exenplary enbodinents in the figures, in
whi ch: % o2 shows a | ongi tudi nal section through a
floatlng ar bof power supply, Figure 2 shows an

Figuget Bi ne i shewsr aheoi@a@flCa dﬁﬁd{gnarOfSy%tletmiuI@r gappige barge
to and/ or,disResak fmFPéHStE'h@S éf‘dljc?f the’ Dy st & IWifown  in
3 shows the basi ¢ design of a nodul ar service barge
assenbl edf W¥iRSthe aid of the system shown in Figure
2, - 12 Figure 4 shows a first configuration of a
nodul ar service barge as a floating harbor power
supply, Figure 5 shows a second configuration of a
nmodul ar service barge as a floating harbor power

supply,



Figure 6 shows a configuration of a nodul ar service
barge as a tugboat or tug, Figure 7 shows a
configuration of a nodul ar service barge as a
fresh-water generator, Figure 8 shows a configuration
of a nodul ar service barge 188 a gray-wat er and
bl ack-wat er di sposal neans, ““Figure 9 shows a floating
har bor power supply with its major electrica
conmponents on board, and Figure 10 shows one
Figupar & cul ashpwadwant ageousonél guneaehbnofof themcauvart eervice

shown in Ei e.9. _Fi 1S ngi t udi nal
~section tﬁéggéhag ?Igg?%ﬁbﬁﬂaﬁg%gogp%§ggrs%%%??y1 Wi th
Figugg Pnt er nghovdnBustsicomde apnfd uratiqrenf ad omoGuileirverrvice

by the inpgrpal 460abyYsLLLINENELPECR, pAREra ufplyerter
., 4 faor matching the voltage and frequency o? e _
F1gugpeft ri ci EHOPF o@uN BT UTRE fEne bt 8r ™dud atheSe%Yiagebarge

and freqagngytefbbhe eA-begrd power supply system B
ship harbor..These.conpoEents arranged in

. f '
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har bor poaerasfipptl-whtet hgemeretoncl udes a tank 6 for

: okage O I _fq e __int.ernalc-c i-Qn. engine. 2,
FiguikOBene orhole o ot e CROMEMIR, T S8 parge
exhaust gased @rayrvaker nmed nalaciompser oblsrerphengans,

Figugehgat CouRbi89 L1628 nfPr hhEBBEM &89 NeRpI ORith its
major electrical components on board, and
Figure 10 shows one particularly advantageous refinement of

the converter shown in Figure 9.

Figure 1 shows a longitudinal section through a floating harbor
power supply 1 with an internal combuétion engine 2, a
generator 3 driven by the internal combustion engine 2, and a
converter 4 for matching the voltage and frequency of the
electricity produced by the generator 3 to the voltage and
trequency of the on-board power supply system B of a ship in
harbor. These components are arranged in or on a floating
device 5, in particular a barge. The harbor power supply
furthermore includes a tank 6 for storage of fuel for the
internal combustion engine 2, an exhaust-gas treatment device 7
for cleaning the exhaust gases from the internal combustion
engine 2, a heat coupling device 8 for transmitting heat from
the exhaust gases of the internal combustion engine 2 to- water
and for supplying ships with steam or hot water, and a device
19 for detection of the voltage, frequency and phase angle of
the on-board power supply system B of a ship. By way of
example, the floating harbor power supply 1 may be propelled
with the aid of a steerable propeller 23, which can likewise



t he exhaust gases of the internal conbustion engine 2

to water and for supplying ships with steam or hot

water, and a device 19 for detection of the voltage,

frequency and phase angle of the on-board power

supply system B of a ship. By, way of exanple, the

fl oati ng harbor power supﬁlaiﬁ'hay be propelled wth

the aid of a steerable propeller 23, which can

i kewise - 13 be supplied with electricity via the
be ecoppéiter #ithomldwrigeiner akvda 3chéi gjﬂrﬁreﬁitﬁm\l\lﬂ afirom the

£l illustration of a system9 for supply to

gen%%%f%$%%isposal fromships in harbor, having a

plurality of barges 11, each having a floating hull
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In this case, the function modules comprise a group 60 of
electricity producing modules which, in detail, comprise a
generator module 13 with a diesel generator, and a fuel cell -
module 16 for producing electricity for a ship, and a generator
module 32 with a diesel generator for producing electricity for
a fresh-water producing mcdule 31. The generator module 13 in
this case advantageously also comprises a heat coupling device,

as has already been described above.

The function modules furthermore comprise a group 61 of fuel
modules which, in detail, comprise two fuel modules 14 for
storage of fuel (for example LNG, LPG or diesel fuel) for the
generator modules 13, as well as two hydrogen storage modules
17 and an oxygen storage module 18 for the fuel cell module 16.
Furthermore, the group 61 of fuel modules comprises two fuel
modules 24 for storage of fuel for a drive module 22, and a

fuel module 33 for storage of fuel for the generator module 32.

In addition, the function modules comprise:

- a plurality of gray-water accommodation modules 15 for
accommodation of gray water from a ship,

- . a plurality of fresh-water producing modules 31,

- a plurality of water storage modules 34 for storage of

‘fresh water and/or sea water,



a fresh-water producing nodule 31. The generator
nmodule 13 in this case advantageously al so conpri ses
a heat coupling device, as has already been described
above. The function nodul es furthernore conprise a
group 61 of fuel nodules which, in detail, conprise
two fuel nodules 14 for §téﬁage of fuel (for exanple
LNG, LPG or diesel fuel) for the generator nodul es
13, as well as two hydrogen storage nodules 17 and an
- oxygEnrslorageo okl aftdr t aecdrbdgee]l bn meddheelb.41 for
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- a refuse collection module 43 for collection of refuse
from ships, and for passing this on at a recycling

station.

In this case, the system can be used not only for supply to
and/or disposal from ships in harbor but, furthermore in
principle, can be used for supply to and/or disposal from ships
and other facilities in scounds or close to a shore or coast.

Figure 3 shows a longitudinal section through the basic design
of a modular service barge 10 which is assembled with the aid
of the system 9 shown in Figure 2. The modular service barge 10
comprises the actual barge 11, that is to say a floating marine
body with accommodation spaces for standardized, in particular
containerized, function modules 12, and one or more such

standardized, in particular containerized, function moduleg 12.

Figure 4 shows a configuration of a modular.service barge 10 as
a floating harbor power supply with the capacity to accommodate
gray water from a ship in harbor, for subsequent treatment on
shore. The service barge 10 for this purpose comprises a
generator module 13, two fuel modules 14 for storing fuel (for
example LNG, LPG, diesel fuel) for the genérator module 13, and
a gray-water accommodation module 15.



a control station nodule 21 for presetting the

direction of novenent and speed of a barge 11 driven

by a drive nodule 22, - a sludge accommodati on nodul e

25, - a cleaning nodule 42 for cleaning gray-water or

bl ack- water disposal devic on board a ship, a

refuse coll ection nodule 43 Tor collection of refuse

fromships, and for passing this on at a recycling

station. In this case, the systemcan be used not only
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storsafy il dafgen 10 conprises the actual barge 11, that
is to say a floating marine body wth acconnndation

spaces for standardized, in particular containerized,
Figﬁnﬂuﬁi&hDWﬁxhﬂanﬂigunﬁnﬁmnmpfnarmndukanﬁservice barge 10 as
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profipiion Wi hHdeHapacidy 46 aseMpmdale means of a steerable
propeller 23, two fuel modules 24 for storage of fuel for the
drive module 22, and a sludge module 25. This allows a service
barge to be reconfigured as a tug as required, and to deploy
other service barges in the harbor to the various destinations.

Figure 7 shows a configuration of a modular service barge 10 as
a fresh-water producer with two fresh-water producing modules
(sea-water desalination modules) 31, a generator module 32 for
producing electricity for the fresh-water producing module 31,
a fuel module 33 for storage of fuel for the generator module
32, and two water storage modules 34 for storage of fresh water
that is produced. By way of example, a barge such as this can
be used as a fresh-water producer on coasts where there is
little drinking water (for example the Red Sea, the Persian
Gulf, etc.)}. The barge can be towed in clean sea water and can
generate fresh water, and can output this to appropriately
equipped tankers (or tank barges in the towed group) in
exchange for fuel, or can in each case be towed back to the
harbor when the barge sends the "full" signal, and can output

the water there for example to ships in harbor.

Figure 8 shows a configuration of a modular service barge 10 as
a gray-water and black-water disposal means having two black-

water accommodation modules 41 and two gray-water accommodation




gray water froma ship in harbor, for subsequent
treatnent on shore. The service barge 10 for this

pur pose conprises a generator nodule 13, two fuel
nodul es 14 for storing fuel (for exanple LNG LPG

di esel fuel) for the gene[aggr nodule 13, and a
gray-wat er accommodati on no fe"15. - 15 Figure 5
shows a configuration of a nodul ar service barge 10 as
a floating harbor power supply with fuel cells. For
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nmodul e or electricity n,
fromydrogen storage nmodul es 17 for storage of hydrogen,
and an oxygen storage nodule 18 for storage of
oxygen. Figure 6 shows a configuration of a nodul ar
service barge 10 as a tugboat or tug. The service
barge 10 for this purpose conprises a control station
nodul e 21, a drive nodule 22 for propul sion of the
barge 10, for exanple by neans of a steerable
propeller 23, two fuel nodules 24 for storage of fue
for the drive nodule 22, and a sludge nodule 25. This
allows a service barge to be reconfigured as a tug as
required, and to deploy other service barges in the
harbor to the various destinations. Figure 7 shows a
configuration of a nodul ar service barge 10 as a
fresh-water producer with two fresh-water producing
nodul es




(sea-water desalination nodul es) 31, a generator

nmodul e 32 for producing electricity for the

fresh-wat er producing nodule 31, a fuel nodule 33 for

storage of fuel for the generator nodule 32, and two

water storage modul es 34 for storage of fresh water

that is produced. By way of “exanple, a barge such as
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an elkudes chnansfr Widh e MHikRfs 5Pe6H fiv&y of example, there
are three diesel generator sets 51 in the case of the floating
harbor power supply 50 shown in Figure 9). The electricity in
the electrical power supply system 52 has a voltage U, a
frequency f£ and a phase angle P which are specific to that
electrical power supply system. However, electricity at a
voltage Us, frequency fs and with a phase angle Ps is required
for the on-bocard power supply system B or for an electrical
load in a ship in harbor. The input side of a converter 53 is
connected to the electrical power supply system 52, and its
output side is connected to the on-board power supply system B
or the load' in the ship, and the converter 53 therefore
converts the electricity at the voltage U, fregquency f and
rhase angle P of the electrical power supply system 52 to
electricity at the voltage Ug, frequency fg and phase angle Pg
of the on-board power supply system B or load in the ship.

Figure 10 shows a particularly suitable converter 53, to whose
input side the voltage Ul is applied, while the voltage U2 is
produced on the other side. The converter, which is illustrated
in the conventional manner, has an intermediate circuit, with
both parts of the converter having an independent regulator.
The voltages and currents can therefore be set as required for
the schematically illustrated power sémiconduqtors. The
converter is annotated 53, while the converter regulators are

annotated 54 and 55. If necessary, the



nodules is |ikew se feasible. Figure 9 shows a

floating harbor power supply 50 with its nmgjor

el ectrical conmponents on board. in the case of the
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of the on-board power supply system B or load in the

ship. Figure 10 shows a particularly suitable

converter 53, to whose input side the voltage Ul is

applied, while the voltage U2 is produced on the

ot her side. The converter, \gl}ch is illustrated in

the conventional manner, has an internediate circuit,
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A eath Bt 5020, T FEPsEROCSST 1V Fhe t HaPukt Ssifet ke output
currfengl d fgforcornher t eremematorkn@y hewnssuchhrcoredr,t eas Camh  the
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c ec*c%%rl\%%r%ter WIJ{ h&%%%\e %gg%g’l%ogg’a 1%s et | bbp output side,
ProdugAndo| aj $irdgignedersragpist sipslppend ooprmad of voltage,
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supply system state of a ship in harbor.




current fromthe generator or generator set, as in the
el ectrical power supply system 52, while, on the

out put side, producing a stable electrical supply, in
terms of voltage, frequency and phase angl e,
corresponding to the on-boargd, power supply system
state of a ship in harbor.” --"18 - Patent clains 1. A
fl oati ng harbor power supply (1) for ships. 2. The
floati ng harbor power supply (1) as clainmed in claim

Patenht i3@et eri zed by a barge (11) on or in which al
the conponents of a harbor power supply for ships are

arranged. 3. The floating harbor power supply (1) as
1. claigRbtihERirck Fwed sqiwl?pt(qr)l zed- idhithat the

fl oati ng harbor power supply 1) conprises an

i nternal conbustion engine (2) and a generator (3),

2. dmneenf.h)aﬂilhﬁg | B4 eboal %36Wﬁfbﬁ&hip@flyen(glj)neaih 23:%1:1&@&6. in claim
iLng.electricity,for t ips. 4. The oat.i n

L. E{&rg g(rt:"tSO\h%F"gsu]|%¥>l 2 (Prrss cl(?%\'rstpreaorﬂn %G aitth WRich B11 the
compomrandst erfi zedhainporh gowere sfuppdtyi Hgrhahims poeearsappled .

(1) conprises a heat coupling device (8) for

transm_ ssion of heat fromthe exhaust gases of the .
3. i dber AdicatmpuSEirbRTe Bger EYPR1yT (d)d asi wlgdrmeccdinaclain 1
or 2\ateharabfetVbequpRl Yimo: Shhes Mokl ihbe hdyeLedpblydl-dsupply
(1) comprises an internal combustion engine (2) and a generator
(3), driven by the internal combustion engine (2), for

producing electricity for the ships.

4. The floating harbor powér supply (1) as claimed in claim
3, characterized in that the floating harbor power supply {1)
comprises a heat coupling device (8) for transmission of heat
from the exhaust gases of the internal combustion engine to a
fluid, in. particular water, and for supplying ships with the
heated fluid.

5. The floating harbor power supply (1) as claimed in claim 3
or 4, characterized in that the floating harbor power supply
(1) comprises a device (7) for cleaning the exhaust gases of

the internal combustion engine (2).

6. The floating harbor power supply (1) as claimed in one of
the preceding claims, characterized in that the floating harbor
power supply (1) comprises fuel cells and/or solar cells for

producing electricity for the ships.

7. The floating harbor power supply (1) as claimed in one of
the preceding claims, characterized in that the floating harbor
power supply (1) comprises a converter (4) for matching the
voltage, freqguency and phase angle of the electricity produced




5. The floating harbor power supply (1) as clained in
claim3 or 4, characterized in that the floating
har bor power supply (1) conprises a device (7) for
cl eani ng the exhaust gases of the internal conbustion
engine (2). 6. The floating garbor power supply (1) as
clainmed in one of the prec% ng cl ains, characterized
in that the floating harbor power supply (1)
conpri ses fuel cells and/or solar cells for producing
i e_fl t| g_ha

ko fﬁﬁi§6%§%%¥ ?ﬁ? as C?agﬁ%dghalg ah ?% ea%recekoard power

SUPR|Yai s t haiBdc gt iofed ilpacham tar@hfﬂmatl ng har bor
power supply (1) conprises a converter (4) for
mat ching the voltage, frequency and phase angl e of
the electricity produced - 18a to the voltage,
frequency and phase angl e of an on-board power supply
system (B) or of a load on a ship. 19 8. The floating
har bor power supply (1) as clained in claim 7,
characterized in that the converter (4) is
additionally used to feed the electrical power that
is produced to an electric drive notor for propul sion
of the harbor power supply (1). 9. The floating harbor
power supply (1) as clained in one of the preceding
claims, characterized in that the floating harbor



power supply (1) conprises a device (19) for detection
of the voltage, frequency and phase angle of the ship
on-board power supply system (B). 10. A system (9)

for supply to and/or disposal fromships in harbor

havi ng at | east one barge_ﬂﬁ@% Wwth a floating hull,

whi ch is designed i ndepende y of the task, and

having a plurality of function nodules (12) for

di fferent supply and disposal tasks, which are

8. cdifd glireak isuxhhéhlavrt heyerasupplycoiii nesl deptmdindn claim

| nstalﬁ%le%g' on &?Pdﬂ/h%{th@}%og%ﬁvﬁ%hul I rllgf %Ta%n ééte 1ORGL Ly used

to frd bhepgelertyicalerndwen hehaunm @ratbigcestd 1ah electric

| | |
e TR T PEomon, DEEHE Haholh BNERGERTY T

The system (9) as claimed in claim10, characterized
9. ilThet tfatoatdlelgelmdxciﬁdw&r oslusb g (PHUke €18imed in one of

the SOTRLESSS Mot oAk SOTMSLON P00 2D A0 2 naroor

powee‘ngaum)l(yZ) (LX oco:ppni:lﬂes ng eleedicr ity far ddeesti@s. of the
T

TR aer o SR e et R TEyAD T 1R oie sge-Rofed pover

SuPPéMuﬁVﬁﬁgmdéﬁlce (8) for transn1SS|on of heat fromthe
exhaust gases of the internal conbustion engine to a

f|UId n particular water, and fo
10. system‘%9) or supply to and/or disposal from ships in

harbor, having at least one barge (11) with a floating hull,
which is designed independently of the task, and having a
plurality of function modules (12) for different supply and
disposal tasks, which are configured such that they can be
combined depending on the supply and/or disposal task and can
be installed on or in the floating hull of the at least one
barge (11), wherein the function modules (12) comprise at least
one electricity producing module (13, 16) for supplying power

to ships in harbor.

11. The system (9) as claimed in claim 10, characterized in
that the electricity producing module: (13) comprises an
internal combustion engine (2) and a generator (3), driven by
the internal combustion engine (2), for producing electricity

for the ships.

12. The system (9) as claimed in claim 11, characterized in
~that the system (9) comprises a heat coupling device (8) for
transmission of heat from the exhaust gases of the internal
combustion engine to a fluid, in particular water, and for

supplyving ships with the heated fluid.

13. The system (9) as claimed in claim 11 or 12, characterized
in that the electricity producing module (13) comprises a



supplying ships with the heated fluid. 13. The system

(9) as clainmed in claim1l or 12, characterized. in

that the electricity produci ng nodule (13) conprises a

19a device (7) for cleaning the exhaust gases of the

internal conbustion engine § 20 14. The system

(9) as claimed in one of cl&i®s 10 to 13,

characterized in that the electricity produci ng nodul e

(16) conprises fuel cells and/ or sol ar ceIIs for

od n I t stem

dEVl?%) gg’cqgﬁﬁe in ongfy R%Iégﬁgﬁggptga%% % e “Internal
combghi 28t 8PP:8¢ i(B)that the el ectricity produci ng nodul e
(13, 16) conprises a converter (4) for matching the
vol tage, frequency and phase angle of the electricity
produced to the voltage, frequency and phase angl e of
an on-board power supply system (B) or of a load on a
ship, wherein the converter (4) is preferably also
used to feed the electrical current that is produced
to an electric drive notor for propul sion of the
har bor power supply (1). 16. The system (9) as cl ai ned
in one of clains 10 to 15, <characterized in that the
el ectricity producing nodule (13, 16)




conprises a device (19) for detection of the voltage,
frequency and phase angle of the ship on-board power
supply system (B). 17. The system (9) as clained in
one of clains 10 to 16, characterized in that the
function nodules (12) conprise at |east one fuel
modul e (14) for supplying fTuel to the electricity
produci ng nodul e (13, 16). 18. The system (9) as
claimed in one of clainms 10 to 17, <characterized in
14. t e t bpstamct(9n sedullesinfd®) inonmié sefatcladpast 1oneco 13,
Mast e re cq?['g'g)d L.on e (15, 4 fQr
cha ac_cc;&m%o ati%)ﬁ 0 %r agh\%at%ir@g#djl%lr&gl EI%E\R& B9 FRQAEhe  (16)
comphisges 19fughe spdilem (Mdher cl aphed | realis of ferai pyoducing

eleck®ilq th8 rorCh@AGhgdzed in that the function nodul es
(12) conprise at |éast one cleaning nodule (42) for

cleaning gray-water or black-water disposal devices
15. orheoas@seerhi(®) 2ds 20.aiHel SYSt effd Oprasc T Bhdedoi Neo 14,

cnnclf BT 8ol Db ety BT ALASE (13, 16
compfigsls- wateenpeodeci 1g) midel en{t3HinPlthdheosyayem E2kquency
and GShd=&! GRE1LN d)f’]etﬂg %l i]c(gllfé()o %go ugggr %%t etFIJleze?foltage,

in that the function nodul es n%rlse at eas
freqygecyatatd shhrage ongdel ©f 3a) Porbopsdagevsir fseaghly system

(B) V\@ferof2132-lo-5hf %ﬁSte?ms@l%,aswﬁéﬁéﬁ?d tH 0BEnPErELAI M)  is
prefégaggy dlso used to feed the electrical current that is
produced to an electric drive motor for propulsion of the

harbor power supply {(1).

16. The system (9) as claimed in one of claims 10 to 15,
characterized in that the electricity producing module (13, 16)
comprises a device (19) for detection of the voltage, frequency

and phase angle of the ship on-board power supply system (B).

17. The system (9) as claimed in one of claims 10 to 16,
characterized in that the function modules (12) comprise at
least one fuel module (14) for supplying fuel to the
electricity producing module (13, 16).

18. The system (9) as claimed in one of claims 10 to 17,
characterized in that the function modules (12) comprise at
least one waste-water accommodation module (15, 41) for

accommodation of gray water and/or black water from a ship.

19. The system (9) as claimed in one of claims 10 to 18,
characterized in that the function modules {12) comprise at
least one cleaning module (42) for cleaning gray-water or

black-water disposal devices on board a ship.



characterized in that the function nodul es (12)
conprise at |east one drive nodule (22) for
propul sion of the barge (11), and a control station
nodul e (21) for presetting the direction of novenent
and the speed of a barge Qlé§ which is driven by the
drive nodule (22). 23. The stem (9) as clained in
one of clains 10 to 22, characterized in that the
function nodul es (12) have a transport contai ner
20. f Bheatsysittéror (Qle am tHleifredm Dfi @ne rafspdaims 10 to 19,

charSPPERLDER in that the function modules (12) comprise at

least one fresh-water producing meodule (31).

21. The system (9) as claimed in one of claims 10 to 20,
characterized in that the function modules (12) comprise at

least one water storage module (34) for storage of fresh water.

22. The system (9) as claimed in one of claims 10 to 21,
characterized in that the function modules (12) comprise at
least one drive module {22} for propulsion of the barge (11),
and a control station module (21) for_presetting the direction
of movement and the speed of a barge (11) which is driven by
the drive module (22).

23. The system (9) as claimed in one of claims 10 to 22,
characterized in that the function modules (12) have a
transport container format and/or are in the form of a

transport container.



