- 1 - Description Floating harbor power supply The invention relates to a
f1 oating harbor power supply for ships, as clainmed in patent claimi1. The
invention also relates to a system for supply to and/or disposal from ships
in harbor, as clained in patent claim4{0. Inportance is increasingly being
pl aced on reduced em ssions in harbors throughout the world. This al so
applies to ship novenent. Nowadays, it is normal practice for ships to
produce their electricity requirenment in harbor using their own electricity
producPegcegpicpreant , general ly one or nore diesel generator or generators.
Since these machi nes were optim zed to burn heavy diesel oil, that is to
say HFO, and in some cases also burn marine diesel oil, that is to say MO
in har Bepatingsbagbexsebogenesappis produce amounts of soot, NOx, 002 and
SO, which should not be underestimated. In order to prevent such soot, NO,
co2 an? SO, formgtion, EU Cuidelines 1999/32/EG and 93/ 12/ EG have di scussed
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Importance is increasingly being placed on reduced emissions in
harbors throughout the world. This also applies to ship
movement. Nowadays, it is normal practice for ships to produce
their electricity requirement in harbor using their own
electricity producing equipment, generally one or more diesel
generator or generators. Since these machines were cptimized to
burn heavy diesel oil, that is to say HFQO, and in some cases
also burn marine diesel oil, that is to say MDO, in harbor,
these diesel generatbrs produce amounts of soot, NOy, CO, and

S0; which should not be underestimated.

In order to prevent such soot, NO,, 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.

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



One problemwi th an electricity supply fromthe quay such as this is that
it is necessary for the electricity supply to a ship in harbor to
conpensate for differences in the water | evel and the |oad | evel of the

ship in harbor. Furthernore, the readhgess of such _ la _ a harbor power
supply to operate fromthe quay may be adversely affected, for exanple at
high tide. - 2 - Exanple enbodinents of the present invention may

therefore specify a harbor power supply for ships which allows the
abovementizened powkhedtpbdybecsubstart akbi auel 86y may be adversely

affected, for example at high tide.



This can be achieved by a floating (or floatable) harbor power supply for
ships, that is to say all the conponents of the harbor power supply are
arranged on or in a floating device, in particular a barge. Advantageous
devel opments of the floating harbor power supply are further disclosed. In
accordance with an aspect of the present invention, there is provided a

fl oating harbor power supply for supplying external power to ships,
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power supply system or of a load of a ship.

In example embodiments, a floating harbor power supply can move itself with
the water level in the same way as a ship in harbeor, 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 1t is 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 fleating harbor power supply such as this
may be less than for a shore-based power supply, since it can be arranged
on the guay, protected against fleooding in the event of storms. For example,
it will be possible to generate a price for every kith 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.



The conponents of the harbor power supply on board the floating device
i'nclude, for exanpl e, generators, transforners, converters, cables, cable
druns, controllers and plug connectors. The floating har bor power supply is
preferably able to supply electricity at a vol tage/ frequency of 6.6 kV/ 60
Hz, 440 V/60 Hz and 380 V/50 Hz. Inprinciple, in addition to supplying
electricity to ships in harbor, the floating harbor power supply can be
used to supply electricity to ships or other devices which are | ocated or
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exhaust gases of the internal conbustion engine to a fluid, in particular

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 1is 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 also comprises a heat
coupling device for transmission of heat from the exhaust gases

of the internal combustion engine to a fluid, in particular



- 4 - water, and for supplying ships with the heated fluid. Ships in harbor
can then additionally be supplied with steam O hot water, for exanple,
fromthe floating harbor power supply. By way of exanple, this nakes it
possi ble to shut down auxiliary ship boilers that are operated using heavy
oil, during the time when the ship is %tétionary. However, one particul ar
advantage is also that a thermal power concept such as this makes it

possi ble to achi eve higher fuel utilization efficiency than when
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connected on the input side to an electricity generator, and can be
connected on the output side to the on-board power supply systemor to the
ot her EBaddghtipe. shihe ihmtkamarower supply preferably also comprises

a device for cleaning the exhaust gases of the internal
combustion engine. This makes it possible to keep emissions
(CO2, NOx, CO, FPM/soot) low. Appropriate technologies (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 additionally, the harbor power supply may also
comprise solar cells for electricity production.

The harbor power supply preferably comprisés a converter for
matching the voltage, frequency and phase anglé 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 gship in harbor.



- 5 - The electricity generator and the converter may al so be used to cover
the electricity demandonboardthe floatingharborpower supply, for exanple
duri ngti meswhent he fl oati ng harbor power supply is noving and is
stationary, when no ship need be supplied with electricity. According to
one particularly advantageous refinenent, the converter is therefore also
used to feed the electrical power that is produced to an electric drive
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| east one barge, vvherel n functi on nodul es conprise at | east
cn or in the loatlng;hull of the at least one barge, wherein the functlorlmodules comprise

at least one electricity producing module for supplying external power to ships in harbor,
whereby the electricity producing module comprises an internal combustion engine, a
generator, driven by the internal combusticn engine, for producing electricity for the
ships and a converter for matching the voltage, frequency and phase angle of the
electricity produced to the voltage, frequency and phase angle of an on-board power supply

system or of a load on a ship.

In example embodiments, the system comprises at least one barge with a floating (or
fleoatable) 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 cf the at least one barge, wherein the functicn

modules comprise at least



- 6 - one electricity producing nodul e for supplying power to ships in
~harbor. A barge on whose hull an electricity produci ng nodul e such as this
is installed Iikew se represents a floating harbor power supply with the
advant ages expl ai ned above. In this case, the electricity produci ng nodul e
may conprise one or nore of the conponents nentioned above in the context
of the floating harbor power supply,-féor electricity production,

el ectricity conversion, heat coupling, exhaust-gas cleaning and detection
of the voltage and frequency of the on-board power supply system and can
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however, nunerous advant ag e achieve systen1|n
exanpl e enbodlnents. In thls case, t he fundanental idea is that, in
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productlon electr1c1tyconver51on,heatcoupling,exhaust—gascleanlng
and detection of the voltage and frequency of the on-board power supply
system, and can exploit the advantages which can be achieved therefrom.
Furthermore, however, numerous further other advantages can be

achieved by the system in example embodiments.

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 possikly 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 reguired to fulfill its function (for example electricity

supply, dgray-water disposal, etc.).

The dimensions and the nature and arrangement of the cconnecting and
attachment technoleogy to the floating hull are preferably uniform and

standardized for the function modules.

The function mecdules preferably have a transport container format,

and/or are in the form of a transport container. All that



The di nensions and the nature and arrangenent of the connecting and
~attachnment technology to the floating hull are preferably uniform and
standardi zed for the function nodul es. The function nodul es preferably have
a transport container format, and/or are in the formof a transport

container. Al that - 6a - is then-mecessary for function nodul es desi gned
inthis way is to ensure a safe-operating installation in or on the barge
(for exanple with regard to nounting, space, etc.). - 7 -

is then necessary for function modules designed in this way is
to ensure a safe-operating installation in or on the barge (for

example with regard to mounting, space, etc.).



The hull is preferably prepared with the necessary pipelines and cable
ducts, and for accoxnodation of such containerized function nodul es. The
functi on nodul es may conprise at |east one fuel nodule (for exanple in the
formof a tank) for supplying fuel to the electricity producing nodule. In
order to accommopdate gray way and/or bl ack-water froma ship, the function
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-wat er di sposal devices on board a ship, the function nodul es may

furt hernor SO, ¢0 at Ieast on cl.eaning nodule. 1f the h wat er
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store sea water, the function nodules may al so conprise_a water staqrage
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propul sjon gf the barge, and a control station nodule for presetting the
direction of novement and speed of a barge which is driven by a drive
nodul e.

In order to accommodate gray way and/or black-water from a ship, the

function modules may alsoc 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 functicon modules may furthermore also comprise at least

one cleaning module.

If the fresh water is intended to be cbtained directly from sea water or
river water, the functionmodulesmay also conmprise at least one fresh-water

producing module.

In orcer to store and emit fresh water to a ship or in order tc store sea
water, the functicn modules may alsc 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
in example embodiments can in principle also be used for supply to and/oxr
disposal from ships or other devices which are located or are lying in

sounds or close to ccasts or shores.



In addition to supply to and/or disposal fromships in harbor, a systemin
exanpl e enbodi nents can in principle also be used for supply to and/or

di sposal from ships or other devices which are |ocated or are lying in
sounds or close to coasts or shores. - 8 - For exanple, it is thus
feasible to equip a barge as a tugbeats with one or two drive nodul es and
possibly a fuel nodule as well as a control station nodule, and to nove a
power supply barge with an electricity producing nodule and a fuel nodul e
(for exanple using LNG as fuel) to a ship, where it supplies electrical
power to the ship by neans of this energy source, which produces little
envi r diweneahmpbel ut tons Thest dgalsdbje tdrereqedld ectismmydiapasatudissge,
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|n this vay, Jhe fundarental, design of @ modular barge ls PLeLe

SUbd AR LY gain by g 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 also 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 £resh-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 opitimized services

are provided in this way.

The fundamental design of a modular barge is preferably

subdivided into:



- 8a - a)the barge itself as a marine body with a floating hull and with a
~plurality of accommobdati on spaces for standardi zed, in particular
cont ai neri zed, function nodules, and - 9 - b)one or nore standardized, in
particul ar containeri zed,

- 8a -

a) the barge itself as a marine body with a floating hull and
with a plurality of accommodation spaces for standardized,

in particular containerized, function modules, and



function nodul es, which are designed such that they can be nmounted on the
accomrodat i on spaces. The acconmopbdati on spaces on the barge are in this
case |ikew se advant ageously standardi zed, that is to say they have a
standardi zed height, width and depth and standardi zed attachnent neans on
their bottom surface and/or side surfdte for the attachnment of the function
nodul es. The function nodul es nay al so have standardi zed attachnent neans
for nmounting a function nodule on or under, or attaching it to, another

functigp nodylke. ,Jhe 4.t eLL - the. overall. system.is, advant ageously
distribEted bet ween 't he C%E?ggﬁggég%ﬁfchfgb ggﬁggﬁﬁflih%oﬂ%ﬁh?ﬁ?F?ggfcan
al so be repfaassire mequileed. wIhehceneailneri snadysatbotbant ahay deéfebent

function nmoayliasedqWBhCBhERY -BEmMSAd: 8Snr €g4LEED, 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
exanpl Bheaacebeabdbeidy ppadusi 8g ARAUbargaNaaksonbenused il 1hepyent of a
catastégggg a%%%ﬂ gr mﬁ%hoat g.barge. The na%or advantage in this case is
the fl8XI Brirey O ThE fFoarragIhartor bBREr Stppk§ prFaYer BBRY compei ses a
conver sbandhodezedequencghtand wdkithge aad bel@sit rokhad agdambdehi cam be
connec i S\W b ctri.cal. line to a ship,in harbor. This
theref%gga%a ggti ;ﬁ'ietagﬁsggi Jf)rFe% gggnsbuoﬁé:ot at et Betr FEr{ Y i SATanSNTt2eq to a

shi p afonl Fhei aesaanraBht oAnyher bhhehtoni npduteany need to provide a | arge
nunber of electrically differently equi pped ship connections on board the

floati har bor. power supply. - 9a -
‘Eﬁe q{unct on modu&%sy 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 wvehicles 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 wvia 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
flecating harbor power supply.



The converter is advantageously designed such that it can convert any
desi-red i nput voltages and frequencies to voltages and frequencies which
currently exist in the onboard 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 frequencire®%2 tintil now, it has therefore been
necessary for the voltage and frequency on board to correspond to the

vol tage and frequency of the harbor power supply. The on-board power supply
system therefore al ways had to be matched_to the_harbor power supply

par amet 87 s. CFRYSF S notS t REVERSEIGRBA LY hedeohverd ersuyd alfhatt oltyrean cal |y
conpensahector adiyf fesene@sinPut heovehdagespidrfeQautencys It is therefore
sufficient to sinply switch on the harbor power supply, with the out put
part of the converter being matched to the respective frequency, voltage
and phase angl e of the onboard power supply system in order to supply

el ectrical power to the ship in harbor. There is no |onger any need to
synchroni ze the on-board power supply systemto the harbor 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
particul arly advant ageously has an open-|oop and cl osed-1oop control device
whi ch 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 change. It is therefore very
advant ageousl y possible to ensure that, after the harbor power supply has
been switched on, the | oad can be renoved fromthe energy generators on
board the ship and they can be switched off, w thout any frequency and

vol tage changes occurring in the on-board power supply system The
connection of additional |oads, for exanple for the purposes of the
so-called hotel load and the so-called auxiliary operation, also does not

i nfluence the voltage and frequency of the on-board power supply system
Controlled by the frequency tendency, the converter keeps the frequency and
vol tage in the on-board power supply systemstable - 10a - w thout any
need for action by the crew of the ship after the converter has been

swi tched on.



In this case, the converter has open-loop and cl osed-|oop control
conponents, in particular software-based conponents, which react to a
voltage drop or a voltage rise in the on-board power supply system by

i ncreasi ng or decreasing the frequency, for exanple by connecting or

di sconnecting generators or |oads. dhe0cenverter in the harbor power supply
can therefore have an advant ageous effect on the on-board power supply
system It is also advantageous for the shore connection converter to have

a cl osed- tr deyi whi ch all.ows four-quadrant operation. This
a||om59%a%§?§ﬁ§§?|fﬂg%v§%% g%%%%g%pg%éFﬁgﬁ%ﬁrﬁﬁggﬂwﬁﬁkﬁtpbﬂe&%§U6HFy. A
w de rlerped opoditf snppilyt yyyeseof @orweshép rmy hsebosed OnAHDAM awest er i S

par t1 chlay aduanbagequs, OLone.side of cuhiclldhe, eketrlgliv,produced by
t he harbor power supply can be tappg off, with its vol'tage an r equency,
and who®ibt W&yl tsiafe BREN bR oddicds t hseanepoard - el @t cinoy. f okttt Hesship in

har borghétef diee regit Nnesk ¥yot 4 ger P& 6AYENEYe and frequency on board
to correspond to the voltage and frequency of the harbor power
supply. The on-board power supply system therefore always had
to be matched to the harbor power supply parameters. This is -
not the case when the converter is able to dynamically
compensate for differences in the voltage and frequency. It is
therefore sufficient to simply switch on the harbor power
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 is no longer 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 to the harbor power supply wvalues, and this is

highly advantageous.

The converter particularly advantageously has an open-loop 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 change. 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



A converter using internediate-circuit technology is furthernore highly
advant ageous, particularly when it has a reactive-current conpensating
conponent in the closed-1oop control. Two parts which are subject to

open-| oop and cl osed-1o0op control independently of one another, and between
whi ch el ectrical power is transferredlCare provided internally for this

pur pose. Exanpl e enbodi nents and further advantageous refinenents wll be
explained in nore detail in the following text with reference to exenplary
enbodi nents in the figures, in which: Figure 1shows a |ongitudinal section
t hr oug iEHAGatdmy maeBofoponetisupplyy tHE qurer 2showse anhbut bfner the

i1 ust i@ tfr daHEN Syustemd er supply to and/or disposal from ships

in '
In this case, the converter has open-loop and closed-loop

control components, in particular software-based .components,
which react to a voltage drop or a voltage



- ha - harbor, Figure 3shows the basic design of a nodul ar service barge
assenbled with the aid of the systemshown in Figure 2, - 12 - Figure
4shows a first configuration of a nodul ar service

- 11 -

rise in the on-board power supply system by increasing or decreasing
the frequency, for example by connecting or disconnecting generators
or loads. The converter in the harbor power supply can therefore have

an advantageous effect on the on-board power supply system.

It is also advantageous for the shore connection converter to have a
closed-loop control device which allows four-guadrant operation. This

allows particularly advantageous operation of the harbor power supply.

A wide range of different types of convarter 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 freguency, and whose other side then produces the on-board

electricity for the ship in harbor, at the reguired voltage and frequency.

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

internally for this purpose.

Example embodiments and further advantageous refinements 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



barge as a floating harbor power supply, Figure 5shows a second
configuration of a nodul ar service barge as a floating harbor power supply,
Fi gure 6shows a configuration of a nodul ar service barge as a tugboat or
tug, Figure 7shows a configuration_of4a nodul ar service barge as a
fresh-wat er -generat or,

harbor,

Figure 3 shows the basic design of a modular service barge
assembled with the aid of the system shown in
Figure 2,



Fi gure 8shows a configuration of a nodul ar service barge as a
gray-wat er and bl ack-wat er di sposal neans, Figure 9shows a floating harbor
power supply with its nmajor electrical conponents on board, and Figure
10shows one particul arly advant ageous_refinenent of the converter shown in
Figure 9. Figure 1 shows a IongitudTn%@ Section through a floating harbor
power supply 1 with an internal conbustion engine 2, a generator 3 driven
by the internal conmbustion engine 2, and a converter 4 for matching the
vol t ageiandef nequensyowd bheielsectddei tgtRitducest by wheugeneradHFidto the

vol tage and frequency of the on-board power supply system B of a ship in

harbor. These corrpg[ﬁ%]?ﬁ% aa?eaa&r%ﬁltg]é't? &}?\,I\%Jroroﬁ%g"%l %’tppﬁrg’devi ce 5, in

parti cEignra bBar ge.sHdes har becopdawepnsippkgtiont bé momeduiadwdescai ¢dank 6

for storage of fuel t ' ! ' i an exhaust - gas
gl 8 4 A SIS 0,00

treatment device 7 cleani . <haust g tHé interna
conmbusFignrengi ne shewheat condpbumgtdeni ¢ 8 f ppdulans wicrvileg Heartgdrom
the exhaust gases ofgthe.idJisimaly aappustion engine 2 to water and for
supplying ships with steamor hot water, and a device 19 for detection of
the voFt@gee frequetS¥and FRESAIHEGLACHf Athe? oROBBARY FERYE CSUPREIRyst em
B of a ship. By waya®fa exasgi-avatdie Jdmatdtrg harbor power supply 1 may be
propelLed yith the gl d,of 12 2hegLarhe: BhoRd | &M nadu1 M §R.C30 g e
as a gray-water and black-water disposal means,
Figure 9 shows a floating harbor power supply with 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
geherator 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
frequency of the on-board power supply system B ¢f 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



- 13 - be supplied with electricity via the converter 4 fromthe generator

- 3. Figure 2 shows an outline illustration of a system9 for supply to
and/ or disposal fromships in harbor, having a plurality of barges 11, each
having a floating hull, which is cogf&guged i ndependently of the task, and
having a plurality of function noduleS for different supply and di sposal
tasks, which are configured such that they can be conbi ned dependi ng on the
supply, and/or disposal task and can be installed on the floating hull of
t he babPgessuerlieqd twith cedectrheitunctian thedutesveotpri e &rgrouph&0 of
el ectr pelky-apeedyci ng nodul es which, in detail, conprise a generator nodule
13 with a diesel generator, and a fuel cell nodule 16 for producing
electricity for a ship, and a generator nodule 32 with a diesel generator

for predgeregzekaeivsi ght yut0ina £1888cYaEeHn PHHIHCEPG: SR §o§3su§!:$‘f3{
gener at or g@?uled;S in Hhks case .advant agequsly al so conprises a hed

coupl i 1§ 8EGY C&, “4SPREEalrERuY HEe ‘de BRAAY ARyt Forefodul es
furt hebapgescdripri sech fueupgbla of lbuel ngodullds Whhtdh iR ded@fdguLeonpri se
two fu r . stor of _fue for exanpl e LNG or djese
fuel) ?%gggggbggﬁya%gr t?r][?du e§{’13‘—fl na‘ashﬁéf?gag P&B‘rﬁ%&}:ggéjrl?fps%ﬁ?%@eo%dul es
17 andmafudg§geirst did§eraptul eumBly oanchedf sposakl Itasicul ewhbch are

Furt heegReequibe wheup Bladl gl BBdules eaRBEhsES duhddigly mBAU! 65, 24 for

el f l e 22 uel nmo e 33 %

storage of fu or a drive nodu , and a ! or storage of
fuel forPRHE A ordifiRAA% 3Xask a86i t F8R, PRe 1umEalbednoeul eshe

conpristoating| bl iéy e Faygay@ter, accommodati on nodul es 15 for

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 module 31. The generator module 13 in
this case advantageously also comprises a heat coupling device,

as has already been described above.

The function meodules 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 stbrage 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 bf

fresh water and/or sea water,



accommodation of gray water froma ship, a plurality of fresh-water

. produci ng nodules 31, a plurality of water storage nodules 34 for storage
of fresh water and/or sea water, - 14 - a plurality of black-water
accomodati on nodul es 41 for accommobdation of black water froma ship, a
drive nmodule 22 with a steerable propd ler 23 for propul sion of a barge 11,

- a plurality of Dblack-water accommodation modules 41 for
accommodation of black water from a ship,

- a drive module 22 with a steerable propeller 23 for
propulsion of a barge 11,

- . a control station module 21 for presetting the direction
of movement and speed of a barge 11 driven by a drive
module 22,

- - & sludge accommodation module 25,

- a cleaning module 42 for cleaning gray-water or black-
water disposal devices on board a ship,

- 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 sounds 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 modules 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 subseguent 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 medule 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 accomrpdati on
nodul e 25, a cleaning nodul e 42 for cleaning gray-water or black-water

di sposal devices on board a ship, a-rekuse collection nodule 43 for
collection of refuse fromships, and for passing this on at a recycling
station. In this case, the systemcan be used not only for supply to and/or

dispos§k L%%n%shgﬁs in harhor but, furthernmore_in principle, can be used
for suppPy to-andF8f & SPBSAFUFREAPENPEs2alBoBLAEr SPE¥; PRt PeBIeN180aRds or
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acconmpdatkgB spaces,dqst andardi zed, rtd C lneri zed
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cont ai fiEPF288, CF uREYPBR- nodul es 12.

Figure 6 shows a configuration of a modular service barge 10 as
a tugboat or tug. The service barge 10 for this purpose
comprises a control station module 21, a drive module 22 for
propulsion of the barge 10, for example by 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 tc 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



Figure 4 shows a configuration of a nodular service barge 10 as a floating
har bor power supply with the capacity to acconmpdate 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 nodules 14 for storing
fuel (for exanple LNG LPG diesel‘f&éﬁ)‘for t he generator nodule 13, and a
gray-wat er accommodati on nodule 15. - 15 - Figure 5 shows a configuration
of a nodul ar service barge 10 as a floating harbor power purpose, the
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16 twofhgmrogen storage nodul es 17 for an oxygen storage nodule 18 for



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
nmeans of a steerable propeller 23, two fuel nodules 24 for storage of fuel
for the drive module 22, and a sludgel®modul e 25. This allows a service
barge to be reconfigured as a tug as required, and to depl oy other service
barges in the harbor to the various destinations. Figure 7 shows a
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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 £ and a phase angle P which are specific to that
electrical power supply system. However, electricity at a
voltage Us, frequency fg and with a phase angle Pg is required
for the on-board power supply sgSystem 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 1oad- in the ship, and the converter 53 therefore
converts the electricity at the voltage U, frequency f and
phase angle P of the electrical power supply system 52 to
electricity at the voltage Ug, frequency fs 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 circult, 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 semiconductors. The
converter 1s annotated 53, while the converter regulators are

annotated 54 and 55. If necessary, the



nodul es 15. The barge accommpbdates gray water and bl ack water from - 16 -
a ship in harbor, for subsequent treatnent on shore. A configuration for
sludge transfer with the aid of specific nmodules is |ikew se feasible.
Figure 9 shows a floating harbor power supply 50 with its major electrical
conponents on board. In the case of tR& rodul ar service barge illustrated
in Figure 4, these conponents would be | ocated in one or nore generator
nodul es 13. There are one or nore diesel generator sets 51 in the floating
har bor power supply 5Q, which.individually.or jointly feed electricity into
an el eEB?V‘EﬁFeﬁO\ﬁéLlsos yas%{%%{z fﬁ S%%“yi%#@ exa FS? tqf'é?ﬁg)]agrjetlf'hr ee

di esel wheakr at or petsiblyi n t heinmadaedek t he fleoati ng teydivrvepanerresitppl y 50

shown | i . trql.cl i the elgctri : r supply system
52 haségmg%ﬁqgégég%{,r%ﬁlr%%ﬁ%n%%% %%%&aé_%ﬁca'seﬁ'gln%lagﬁﬁt%%?%% 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-board 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, frequency f and phase angle P of the

el ectrical power supply system52 to electricity at the voltage Us,
frequency fs and phase angle Ps 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 U is applied, while the voltage U2 is
produced on the other side. The converter, which is illustrated in the
conventional manner, has an inteLnmediate 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

sem conductors. The converter is annotated 53, while the converter

regul ators are annotated 54 and 55. |f necessary, the



- 16a - converter also has a further closed-lIoop control capability, which
possi'bly includes a reactive-current conpensation/regul ator characteristic.
This additional - 17 - closed-loop converter control is annotated 56 and
can be used for power-factor correction. As already stated, a person
skilled in the art in the field of converters will know how such converters
can be designed fromthe engi neering point of view. The converter with
known open-|oop and cl osed-1oop control is designed to adjust its open-I|oop
and cl gdegeodpopomorylersgeh admatrdlt icanapocessd oh6t hedi wpot st deséde

out put FEW I 8Bk -L@RLERE 0eBeEaLelofl gﬁé‘eréif’éa%?t’séétéc@ the eégg%;' cal

power supEIy system 52 he out put si producing a

el ect r P&a 1§épﬁFy the ﬁé%g§1b%th%lﬁa6éd He (RRIFCSE BRies pliase  dmgive, how
correspadi R@rivertle sOR0asd PONMEEHSUPPEYmSYske@nstialeerahqgad pif i &
harborvie_.18The converter with known open-loop and closed-loop
control is designed to adjust its open-loop and closed-loop
contrel such that it can process on the input side the output
current from the generator or generator set, as in the
electrical power supply system 52, while, on the output side,
producing' a stable electrical supply, in terms of voltage,
frequency and phase angle, corresponding to the on-board power

supply system state of a ship in harbor.



Patent clains 1. A floating harbor power supply (1) for supplying external
power to ships, characterized in that it conprises an internal conbustion
engine (2), a generator (3), driven by the internal conbustion engine (2),
for producing electricity for the ships and a converter (4) for matching

t he vol tage, frequency and phase angl% of the electricity produced to the
vol t age, frequency and phase angle‘oﬂ an on-board power supply system (B)
or of mtead @manship. 2. The floating harbor power supply (1) as clai ned
in claiml, characterized by a barge (11) on or in which all the conponents
of a harbor power supply for ships are arranged. 3. The floating harbor
power kuppld flyansng| bamedri pogkai mubplohailacterd zewbwhy ihat exherfidbat i ng

har bor, pover , suppl ¥.( 1LGoaRELSeS A Neal LAuPld Nebdieu S8 (8) L0Eernal

transm SSi on of “fromthe exhaust gases of the internal conbustion

engi nec¥mEs {4 o denghnpar €9 euFal SRELer O rand f-ord Bippl YWingtRhi pREGFEALL he
heat ed-dhwti g i dn JhE1HLOADH NY rhar BatoRewely s or ((ck)t asr et atwedshipel ai m 1
or 3, characterized in tg?t he floaking r bor E wer s%ﬁghye%ﬁ%hco ri ses
a devi®Te () FRVEF i n§’t HePexRabSt §5ses of YPhEFRt ermal 1% s#'on

engi nepf23e  dnglde ffoathag bacbor:power supplyefl)tas thai meditagene of
the preceding . claims, .characteriz in that fl i r

suppl {ﬁﬁu%%c rﬁ?gzEFﬁgfac%??gea%%/églsg a?ggg?l§Q$%Fn%?§§%§?nagg%@ﬁ

el ectrik) tyrfof &hkoadlips.a 8aifhe floating harbor power supply (1) as
claimed in claim1, characterized in that the converter (4) is additionally

used to feed the electrical power that is produced to an electric_drive
nmotor %or pFepuEsPBRIBE tRENRE RAVPowerPREPpIly ) (B, claimed in claim

1, characterized by a barge (11} on or in which all the

components of a harbor power supply for ships are arranged.

3. The floating harbor power supply (1) as claimed in claim
1, 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.

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

the internal combustion engine (2).

5. 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.

6. The floating harbor power supply (1) as claimed in claim
1, characterized in that the converter (4) is additionally used
to feed the electrical power that 1is produced to an electric

drive motor for propulsion of the harbor power supply (1).



- 19 - 7. The floating harbor power supply (1) as clainmed in one of the
precedi ng clainms, 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). 8. A system (9)
for supply to and/or disposal froanh%ps_in har bor, having at |east one
barge (11) with a floating hull, which is designed i ndependently of the
task, and having a plurality of function nodules (12) for different supply

and disposatnd agksat Whi;Chaaherceplibguizedauch hhats theyican be goubiped
depending on th ,supgl%. and/ or di sgosal task and can be_installed on or in
the fIJ4i NGRS CtAEat FRASECoREI Ba gel (Th}T Wher &LR2EhRIf BREPPEN
nmodul gsod?2) sapnpyi S&)atcdr@ﬁsjlsem"lﬁa edi@ﬁid‘:tCi(téy) prf@iiUCdelgtgadﬂﬁdjﬂ Ieo;( 18he16)
for su ing external power,tq ships_i ar.bor, ere t.he electricity
pr oduc‘lpclg'l)igy?’r%%m gr?%?nig) =86 g}assees %rﬁg?%tg];nglhecos fst%l%ﬁb%%ﬁ?ngofﬁf, a
gener atwpp{B)svyerénenBby the internal conbustion engine (2), for producing
electricity for the ships and a converter (4) for matching the voltage,
frequency and phase Zggl e of the electricity produced to the voltage,

frequehcy ahdSpPRASE | €6 PR bbar angdnsr epsiop lsyisiem ¢Biror inf a

| oad OofaB8h) PhavdngThe sysiem 682 @@l PBO) | pichalam 8, cohai@ackerized in
that the, syst.em (9) .conprises a hgat foupl ng device, (8) for transm ssion
of heat Jf‘FS%mjtshe EXHENEE gHRRSPHRIERELY ntdr ndScohBBst i HEndieNe o &

fluid plurgaityculfarfwatetonandbddressuppRyi mprshipsfurehtt heigrdat edndll ui d.

10. The. s claimed in clajm r.9, racterized in that the
el ect r(?lclgl%@é%irnog%cﬁk%g n%@%{gg (81'% 8§hp@rllélslggda %‘gé\}?cg%(a% 1\%%"?"yclceaerfni %8 t he
exhaustorgasesd oflephedingecmaltieonbugpl pnavddphe di2posal task and can

be installed on or in the flocating hull of the at least one
barge (11), wherein the function modules (12) comprise at least
one electricity producing module (13, 1le) for supplying
external power to ships in harbor, whereby the electricity
producing module (13, 16) comprises an internal combustion
engine (2), a generator {3), driven by the internal combustion
engine (2), for producing electricity for the ships and a
converter (4) for matching the voltage, freguency and phase
angle of the electricity produced to the voltage, frequency and
rhase angle of an on-board power supply system (B) or of a lcad

on a ship.

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

supplying ships with the heated fluid.

10. The system (9) as claimed in claim 8 or 9, characterized
in that the electricity producing module (13) comprises a
device (7) for cleaning the exhaust gases of the internal

combustion engine (2).



- 20 - 11. The system (9) as clained in one of clains 8 to 10,
characterized in that the electricity producing nmodul e (16) conprises fuel
cells and/or solar cells for producing electricity for the ships. 12. The
system (9) as claimed in one of clains 8 to 11, characterized in that the
converter (4) is preferably also used to feed the electrical current that
is produced to an electric drive not for propul sion of the harbor power
supply (1). 13. The system (9) as claimed in one of clainms 8 to 12,

char act er| zefl1 Lty the,el sct ricj Ly pr ofuckng mdule (13, 46) porpr i ses a

devi ce stecti on’ of "t he vol tage, frequency ase angle of the
ship o@h@©®¢ﬂe@bmﬁﬁ §mppt9a§y§ﬂéh1@BFCtr£$ltYheP§9@@@hﬁg9¥m%§1%ﬂalﬁﬁd in

one of .GhgtBe§ tGul3, charpeteringed i n ddmirt heshunction modubescihd)
conprise at |east one fuel npdule (14) for supplying fuel to the

el ect recPEVIpFobvictiy FPauPRIPES, 16). 15. The system (9) as claimed in
one of clalns 8 to 14, characterized in that the function nodul es (12)

conp Ieast e-wat er, acco datlon nD 15, 41)_fo
acconni%a B of5 Y é§“$ﬁ§é And/or Bi% fron1 %gémﬁ §16§:O %e system
(9) asciimanedrinednénotheglaihs BonmeiﬁgrchéﬁaasepmzédrahlyhaﬂSDhQSEdnct|on
modul es (%é%dCQﬁgrbigc%Elc gst L&Q%n | eanyng; 55&4@) éoénCEﬁéE%Qgc

gray-wat er ck-wat'er di sposal _devices on board a
drive motor for propulsion of the harbor power Supp y (1).

13. The system (9) as claimed in one of c¢laims 8 to 12,
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).

14. The system (9) as claimed in one of claims 8 to 13,
characterized in that the function modules (12) comprise at
least one fuel module (14) for supplying fuel to the
electricity producing module (13, 16).

15. The system (9} as claimed in one of claims 8§ to 14,
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.

16. The system {(9) as claimed in one of claims 8 teoc 15,
. characterized in that the function modules {12) comprise at
least one cleaning module (4Z2) for cleaning gray-water or

black-water disposal devices on board a ship.

17. The system (9) as c¢laimed 1in one of claims 8 to 16,
characterized in that the function modules (12) comprise at

least one fresh-water producing module (31).



17. The system (9) as clainmed in one of clains 8 to 16, characterized in
that the function nodules (12) conprise at | east one fresh-water producing
nodule (31). - 21 - 18. The system (9) as clained in one of clains 8 to
17, characterized in that the function nodules (12) conprise at |east one
wat er storage nodul e (34) for storage of fresh water. 19. The system (9)
as claimed in one of clains 8 to 18, aracterized in that the function
nodul es (12) conprise at |east one drive nodule (22) for propul sion of the

ber 9o 4) 1300 .90 g Stall an el e (21), Lofo Presetngs he, dhpectior
modul eci{22)ctepdzedhd rsyshem (9 asuckained navwlis of( 1é) ai gwnusriee 18-
char aCf@éé%e&lné n,4hat the fynchienipodyhes (12} haygeaskr apepar fagent ai ner
format and/or are in the formof a transport container.
19. The system {(92) as claimed in one of c¢laims 8 to 18,
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).

20. The system (9) as claimed in one of claims 8 to 19,
characterized 1in that the function modules (1i2) have a
transport container feormat and/or are 1n the form of a

transport container.



