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DESCRIPTION

[0001] The present invention relates to power generation and In particular to a High Voltage
Direct Current (HVDC) power collection and distribution system, for example, in the renewable
energy sector.

[0002] Renewable energy power generation 1s an important alternative to overcome the
current issues relating to conventional fossil fuel base power generation. Renewable energy
power generation can be categorised Into two main areas; large scale grid-connected
generation, for example, large scale wind and marine farms, and domestic and building
Integrated small scale generation. The advantages of the present invention can also be
realised on other forms of distributed power generation such as combined heat and power
units which could be either fuelled from renewable sources, for example, biomass, or from
fossil fuels, for example, natural gas

[0003] Attentions are mainly being focussed on large scale grid-connected generation which
often provide higher return per capital ratio and, as a result, a lower electricity price.

[0004] To minimise the associated environmental impact of such power generation, large scale
grid-connected renewable energy power plants are deployed remotely from the centres of
demand and/or the national grid. The distances from the renewable energy power plant to the
point of connection with the local distribution network and/or the national grid substations can
be several tens of kilometres. These distances will become significantly greater when larger
wind and marine farms are deployed further offshore. The majority of such known power plants
are utilising power cable to transmit renewable energy over these large distances resulting In
significant energy losses during power transmission.

[0005] Therefore, effective and efficient power collection, transmission and distribution of
renewal energy from its source to the centres of demand and/or the national grid has become
a significantly important issue.

[0006] A known solution Is to transmit power In the form of high voltage direct current (HVDC)
to reduce the environmental pollution, conduction and eddy current losses. Existing HVDC
technologies are mainly developed to solve long distance point-to-point bulk power
transmission In the existing hierarchy type power system structure with large centralised power
stations. They are not entirely suitable or effective for use Iin the multipoint active network
structure which has been suggested for distributed renewable energy power generation base
systems.

[0007] In known wind and marine renewable energy power conversion systems, renewable
energy Is often converted to quality electrical power via AC generators and variable frequency
converters (VFC). The output of the VFC Is usually designed to be under 11kV, a medium
voltage level (MV), so a step-up transformer i1s used to step-up the voltage to a high voltage
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(HV) level, such as 33kV, for generating farm to grid substation interconnection. The step-up
transformer Is often located Iin the nacelle or tower of a wind turbine, for example, or Iin a
transformer house.

[0008] In the remote HVAC substation, the voltage level Is further stepped up to a higher
voltage (HV) level, such as 132kV, for long distance power transmission. Increasing the voltage
level from MV to HV desirably achieves higher farm to substation power transmission
efficiency.

[0009] However, due to the size of the transformer and the requirement for reactive power
compensators and insulation, it 1s difficult to have local HVAC substations, particularly In
offshore power plants. Moreover, the use of HVAC cable transmission systems, such as
underground or subsea cable systems, to connect the wind or marine farm with the grid
substations, can result in undesirably high power losses, such as cable conduction losses, and
can also have a significant environmental impact.

[0010] It will be understood that the above-mentioned VFC Is typically a back-to-back
configuration with a common DC link. The converters at the generator end are generally
referred to as an inverter unit (INU) and the converter at the grid end 1s generally referred to as
a line rectifier unit (LRU). Other terminologies and abbreviations may be known but, for
consistency, these abbreviations will be used herein.

[0011] The function of an INU is mainly to extract power from the generator while a LRU is
mainly used to regulate the DC link voltage. Commercially available INU and LRU are reliable,
cost effective, sophisticated and often fully compliant with current regulations and standards.

[0012] Evans et al, in publication "Powering The Way - A Paper on AC Link™ Technology for
21st Century HVDC Transmission” published in |IEEE Energy2030 Atlanta, GA USA 1/7-18
November, 2008, discloses an HVDC transmission converter using AC Link™ topology, namely
a resonant converter topology.

[0013] A first aspect of the present invention provides a power collection and distribution
system comprising:

o a power collection module comprising a first hybrid HVDC transformer;

e a power distribution module comprising a second hybrid HVDC transformer; and

e a HVDC transmission link connecting the first hybrid HVDC transformer and the second
hybrid HVDC transformer, wherein the first hybrid HVDC transformer is configured to
receive a MVDC and step-up the MVDC to a HVDC for transmission via the RHVDC
transmission link and the second hybrid HVDC transformer is configured to receive the
HVDC and step-down the HVDC to a MVDC,

wherein the first and second hybrid HVDC transformers allow bi-directional power flow,
wherein the power collection and distribution system comprises a plurality of generators
connected directly to the first hybrid HVDC transformer.
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[0014] Suitably the HVDC transmission link comprises at least one power cable. The
transmission link may be Installed underground or maybe a subsea Installation. The
transmission link may suitably cover tens of kilometres, or even greater distances, between the
power collection module and power distribution module. For example, the first hybrid HVDC
transformer may be located offshore on a wind turbine or marine apparatus and the second
hybrid HVDC transformer may be located onshore many kilometres away. Stepping up the
MVDC to a HVDC for power transmission via the DC transmission link significantly reduces the
current in the HVDC transmission link and, as a result, the conduction losses during
transmission. This desirably reduces the overall power loss during transmission. The HVDC
transmission link may conveniently comprise one or more underground cables which
eliminates the requirement for overland HV transmission tower or pylons. The environmental
impact associated with known HV power transmission systems Is therefore significantly
reduced.

[0015] Preferably the first hybrid HVDC transformer comprises a first MV module and a first HV
module between which a first HV high frequency transformer is connected.

[0016] Preferably the second hybrid HVDC transformer comprises a second HV module and a
second MV module between which a second HV high frequency transformer is connected.

[0017] Preferably the first and second MV modules and first and second HV modules comprise
high frequency switching devices, control means such as a controller unit, and drive and
protection units. Suitably the high frequency switching 1s from 5 to 25 kHz. The high frequency
switching may be higher than 25 kHz. Preferably the high frequency switching is from 10 to 20
kHz. Higher frequency switching could be realised with further technology development in the
future.

[0018] Advantageously the high frequency switching allows for the size of particularly the first
HV high frequency transformer to be significantly reduced compared to the conventional line
frequency step up/step down transformers that are currently used, particularly in known HVDC
systems. The significant reduction in HV high frequency transformer size desirably allows for
the first hybrid HVDC transformer to be installed closer to the power source. For example, the
first hybrid HVDC transformer may be Installed in the nacelle or tower of a wind turbine or
alternatively in an offshore tidal or wave machine.

[0019] Suitably superconductor technology may be used on the MVDC and/or HVDC side to
achieve loss-less power connection.

[0020] Suitably the power source may be a wind turbine, tidal or wave power machine, or a
photovoltaic power plant, for example. The power demand may be a distribution network or

grid substation, for example.

[0021] Suitably the switching device is a semiconductor switching device. For example, the
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switching device may, at the current state of technology, be an Insulated Gate Bipolar
Transistor (IGBT), an Insulated Gate Commutated Thyristor (IGCT) or a diode, or any other
controllable switching device realised with further technology development in the future.

[0022] Suitably the MV and HV modules comprise more than one semiconductor switching
device. Suitably one or both of the first and second MV modules and first and second HV
modules may be a full or half bridge module.

[0023] Suitably one or both of the MV module and HV module may comprise soft switching
means and/or loss-less snubber circuits. The modules may comprise a plurality of switching
devices configured in series and/or parallel. The switching devices may be arranged In series
to reduce voltage stress and in parallel to accommodate current stress.

[0024] Suitably the MV and HV modules further comprise energy storage devices.

[0025] Suitably the control means is adapted to ensure the MVDC input of the first hybrid
HVDC transformer is proportional to the HVDC output of the first hybrid HVDC transformer, and
similarly for the second hybrid HVDC transformer.

[0026] Suitably the control means is operatively connected by connection means to each of the
first and second MV modules, the first and second HV modules and the first and second HV
transformers. Suitably the connection means may comprise optical connection means. Suitably
the optical connection means may be provided in a power cable.

[0027] Preferably the first and second HV high frequency transformers are magnetic, high
power Isolation transformers. Suitably the first and second hybrid HVDC transformers are HV
galvanic isolated.

[0028] Suitably the first and second hybrid HVDC transformers comprise line fault protection
means. Preferably the line fault protection means are provided integrally with the first and
second hybrid HVDC transformers. Suitably the line fault protection means comprise force-
commutated switching devices to provide fully integrated protection means to protect the first
and second hybrid HVDC transformers and the power distribution system against known
system faults, such as over/under voltage, over current, short circuit etc.

[0029] Preferably a converter or inverter is provided between the power source and the first
MV module to convert an MVAC from the power source to an MVDC.

[0030] Preferably a rectifier i1s provided between the second MV module and the power
demand to invert the MVVDC to an MVAC.

[0031] Suitably the INU i1s provided between a generator at the power source and the MV
module of the first hybrid HVDC transformer to extract power from the generator. The
generator may form part of a wind turbine or wave/tidal machine, for example.
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[0032] Suitably the LRU iIs provided between the MV module of the second hybrid HVDC
transformer and the demand to regulate a DC link voltage.

[0033] Suitably the system is not limited to single line point-to-point HVDC power collection,
transmission and distribution. Embodiments of the present invention provide a power collection
and distribution system comprising a plurality of generators connected directly to the first
hybrid HVDC transformer of the system described above.

[0034] Preferably a first MV module Is provided between a first HV high frequency transformer

and one or more INU. Suitably a INU is provided between one or more of the plurality of
generators and a corresponding first MV module.

[0035] This multipoint power collection arrangement allows electrical energy to be synergised
from more than one power source to improve system redundancy, maximise system rating and
Increase flexibility.

[0036] Suitably the significant reduction in size of the first HV high frequency transformer
desirably allows the first hybrid HVDC transformer to be installed in the nacelle or tower of a
wind turbine or alternatively in an offshore tidal or wave machine. Suitably the nacelle of a wind
turbine may house a generator, an INU and a first hybrid HVDC transformer. Alternatively, the

nacelle may house just a generator and an INU and the first hybrid HVDC transformer and
LRU may be provided remotely therefrom.

[0037] Suitably the HVDC transmission link may be connected to a plurality of second hybrid
HVDC transformers comprising second HV high frequency transformers. Each of the second
HV high frequency transformers is connected to a second MV module which may be connected
to a plurality of power demands via one or more LRU. Suitably the second hybrid HVDC
transformers comprise the corresponding second MV modules. This multipoint power
distribution arrangement allows better demand side control to be implemented. The potential
fluctuation impact on a large renewable energy source to a single network can also be
significantly reduced.

[0038] As described above, the power source may be a wind turbine, tidal or wave power
machine, or a photovoltaic power plant. Where the source Is a photovoltaic (PV) power plant,
the generators of the above power distribution system may be replaced by a PV module
comprising an array of PV cells. Suitably a controlled DC converter is connected to the PV
module to ensure maximum power point tracking. Suitably, the array of PV cells, converter and
first hybrid HVDC transformer may be part of the power collection module or power distribution
module of the system.

[0039] Suitably the power source may comprise different power sources, such as any
combination of wind, tidal, wave and solar. As described above, such a multipoint power
collection arrangement desirably allows electrical energy of different forms to be synergised
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from more than one power source to improve system redundancy, maximise system rating and
Increase flexibility, regardless of the distance between the different power sources, to form a
complete renewable power generation and distribution system.

[0040] A further aspect of the present invention provides a hybrid high voltage direct current
(HVDC) transformer for use In a power distribution system as described above, the hybrid

HVDC transformer comprising at least:

e a magnetic high power isolation HV high frequency transformer; and
e a HV module connected to an HVDC side of the HV high frequency transformer.

[0041] Preferably the hybrid HVDC transformer further comprises a MV module connected to a
MVDC side of the HV high frequency transformer.

[0042] The hybrid HVDC transformer may conveniently be used in one of the abovementioned
power collection and distribution systems on the power source side to provide the first MV
module, first HV high frequency transformer and first HV module; and reversed to be used on
the power demand side of the HVDC transmission means to provide the second HV module,

second HV high frequency transformer and second MV module.

[0043] Advantageously, the significant reduction In size of the HV high frequency transformer
allows for the hybrid HVDC transformer to be installed closer to the power source. For
example, the hybrid HVDC transformer may be installed in the nacelle or tower of a wind
turbine or alternatively in an offshore tidal or wave machine.

[0044] An embodiment of the present invention will now be described by way of example only
with reference to the accompanying drawings, in which:

e Figure 1 shows a multipoint power collection and distribution system in accordance with
the present invention;

e Figure 2 to 4 show alternative configurations of the collection module of the system of
Figure 1; and

e Figure 5 shows a system for interconnection of different renewable energy sources
using the configuration of Figure 2.

[0045] As shown In Figure 1, a multipoint power collection and distribution system 1, has an
power collection module 3 and an power distribution module 5 linked by a transmission link 11.
The collection module 3 includes a plurality of generators G of an onshore or offshore wind
turbine or a wave or tidal machine, for example.

[0046] The generators G are connected to corresponding inverter units (INU) and the output
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therefrom is typically under 11kV. The power output from the generators G is a MVDC power
output. The function of the INU is mainly to extract power from a corresponding generator G.

[0047] Each INU is connected to a first MV module MV1 before being input to a first magnetic
high power, high frequency isolation transformer T1. The first transformer T1 steps up the
voltage (MV) to a higher voltage level (HV). The power output from the first transformer T1 Is
iInput to a first HV module HV1 before being output from the HV module as HVDC into a
transmission link 11 for transmission to the distribution side 5 of the system 1. The distance
between the power collection module 3 and the power distribution module 5 of the system 1
can be many tens of kilometres or further, e.g. from an offshore wind or marine farm to an
onshore grid substation.

[0048] Stepping up the MVDC to a HVDC for power transmission via the transmission link 11
significantly reduces the current in the transmission link and, as a result, the conduction losses
during transmission of the HVDC from the collection side 3 of the system 1 to the distribution

side 5. This desirably reduces the overall power loss during transmission and the
environmental impact associated therewith.

[0049] The first MV and HV modules MV1, HV1 mainly consist of microprocessor controllers,
power semiconductor switching devices, such as Insulated Gate Bipolar Transistors (IGBT),
Insulated Gate Commutated Thyristors (IGCT) or diodes, for example, and energy storage
devices. Depending on the power and voltage levels, the switching devices may be connected
In series and/or parallel to withstand high voltage and/or high current stress.

[0050] Advantageously, the high frequency switching, which operates at around 10 to 20 kHz,
or above, allows the size of the first HV high frequency transformer T1 to be significantly
reduced compared to conventional line frequency step up/down transformers currently used In
known HVDC systems. Therefore, the first HV high frequency transformer T1 may be
conveniently installed in the nacelle or tower of a wind turbine, for example, unlike transformers
of the prior art. More conveniently, the MV module MV1, first HV high frequency transformer T1
and first HV module HV1 may form a hybrid HVDC transformer 10 which can be installed in the
nacelle or tower of the wind turbine. This desirably reduces the need for a remote substation
housing the same and reduces the environmental impact of the collection side 3 of the system
1. As shown In Figure 2, the nacelle or tower 15 of a wind turbine 17 may house a generator
G, a INU and a first hybrid HVDC transformer T1. Alternatively, as shown in Figure 3, the
nacelle or tower 15 may house a generator G, a INU, an HVAC transformer and a Line
Rectifier Unit (LRU). The first hybrid HVDC transformer T1 may be located remote from the
nacelle or tower 17. Further alternatively, as shown in Figure 4, the nacelle or tower 1/ may
house a generator G and a INU only and the first hybrid HVDC transformer T1 and LRU may
be provided remotely therefrom.

[0051] Returning to Figure 1, the distribution side 5 of the system 1, includes a reversed hybrid
HVDC transformer 12 comprising a second HV module HVZ, a second transformer T2 and a
second MV module MV2. The reversed hybrid HVDC transformer 12 receives the HVDC from
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the transmission link 11 and steps down the HVDC to a MVDC level. The lower voltage side of
the reversed hybrid HVDC transformer 12 1s coupled to a locally installed LRU which regulates
the DC voltage and inverts the DC voltage into AC form with frequency and voltage levels
which are suitable to be coupled to local AC networks, HVAC substations or the grid 25.

[0052] The hybrid HVDC transformers 10, 12 are controlled so an output voltage will be
proportional to an input voltage and bi-directional power flow is allowed.

[0053] In accordance with the multipoint system, multiple generators G can be connected
either to the MVDC Ilink, 1.e. the INU DC side, via more than one INU. Alternatively, the
generators G can be connected to an alternative hybrid HVDC transformer 20 comprising a
multiple winding transformer T3 and a HV module HV3 via more than one INU and a MV
module MV3. Further generators G may be connected directly to the HVDC transmission link
11 via more than one INU and further hybrid HVDC transformers 10 or 20. These
arrangements allow electrical energy to be synergised from more than one power source to
Improve system redundancy, maximise system rating and system flexibility.

[0054] In a similar manner, the HVDC transmission may be distributed to multiple demand
points either from the HVDC transmission link 11 via more than one reversed hybrid HVDC
transformer 12 and LRU, from the reversed hybrid HVDC transformer 12 via more than one
MV module and LRU, or from a MVDC link, 1.e. the LRU side of the reversed transformer 12,
via multiple LRU. Multiple point power distribution desirably offers many benefits to network
operators including improved demand side control to be implemented. The potential power
fluctuation impact on a large renewable energy source to a single network can be significantly
reduced. Conveniently, the power collection and distribution system 1 is suitable for use with
other sources of energy, such as solar. The power source may comprise an array of
photovoltaic cells PV, as shown In Figure 1. In this case, a INU will not be required to extract
power from the photovoltaic cells PV but a suitable dc/dc power converter 14 will be connected
to a single or plurality of photovoltaic cells PV to ensure maximum power point tracking.
Suitably, the photovoltaic cells PV, converter 14 and hybrid transformer 10 may be located on
the collection side 3 and/or distribution side 5 of the system 1.

[0055] As shown In Figure 5, the collection side 3 of the system 1 may comprise multiple
energy sources WF, MF, PV such as wind, marine and/or solar, to be synergised, regardless of
the distance between each source. This multiple renewable energy system forms a complete
renewable energy power generation system. The coupling points of the sources may be at the
MVDC side of the first hybrid HVDC transformer, at the transformer or at the HVDC
transmission link, in a similar manner as described above.
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Patentkrav

1.

Et stremindsamlings- og -fordelingssystem omfattende:

- et stramindsamlingsmodul omfattende en farste hybrid-HVDC-transformer;

- et stramfordelingsmodul omfattende en anden hybrid-HVDC-transformer;

- en HVDC-transmissionsforbindelse, der forbinder den farste hybrid-HVDC-
transformer og den anden hybrid-HVDC-transformer, hvor den farste hybrid-
HVDC-transformer er konfigureret til at modtage en MVVDC og optrappe denne
MVDC til en HVDC til transmission via HVDC-transmissionsforbindelsen, og den
anden hybrid-HVDC-transformer er konfigureret til at modtage denne HVDC og
nedtrappe denne HVDC til en MVDC,

hvor den fgrste og anden hybrid-HVDC-transformer tillader bi-direktionel stremtilfarsel;

kendetegnet ved, at stremindsamlings- og -fordelingssystemet omfatter et flertal af

generatorer forbundet direkte med den ferste HVDC-transformer.

Et system ifelge krav 1, hvor den ferste og anden hybrid-HVDC-transformer hver isaer

omfatter en HV-hgjfrekvenstransformer forbundet imellem et MV-modul og et HV-

modul.

Et system ifelge krav 2, hvor MV-modulerne og HV-modulerne omfatter hgjfrekvens-

kontaktenheder, styreanordning til styring af naevnte kontaktenheder og drev- og

beskyttelsesenheder.

Et system ifelge krav 3, hvor styreanordningen er operativt forbundet ved hjaelp af

forbindelsesanordning til et MV-modul, et HV-modul og en HV-hgjfrekvenstransformer.

Et system ifelge ethvert af kravene 2 til 4, hvor en eller begge af MVV-modulerne og HV-

modulerne er et fuld- eller halvbro-modul.

Et system ifelge ethvert af kravene 2 til 5, hvor en eller begge af MVV-modulerne og HV-

modulerne omfatter blad kontaktanordning og/eller tabsfrie trykudligningskredslab.

Et system ifelge krav 6, hvor den blade kontaktanordning omfatter et flertal af

kontaktenheder konfigureret | serie og/eller parallelt.

Et system ifelge ethvert af kravene 2 til 7, hvor en konverter eller inverter tilvejebringes

Imellem streamkilden og MV-modulet for den farste hybrid-HVDC-transformer.
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Et system ifelge ethvert af kravene 2 til 8, hvor en ensretter tilvejebringes imellem MV-

modaulet for den anden hybrnd-HVDC-transformer og strembehovet.

Et system ifelge ethvert af kravene 2 til 9, hvor HV-hgjfrekvenstransformerne er

magnetiske, galvanisk isolerede transformere med hgj effekt.

Et system ifelge ethvert af foregaende krav, hvor den farste og anden hybrid-HVDC-

transformer er bi-direktionelle, galvanisk isolerede flow-hybrid-HV-transformere.

Et system ifelge ethvert af foregaende krav, hvor den farste og anden hybrid-HVDC-

transformer omfatter beskyttelsesanordninger med linjefejl.

Et system ifalge ethvert af kravene 2 til 12 omfattende et flertal af generatorer forbundet

med en eller flere af MVV-modulerne for den ferste hybrid-HVDC-transformer.

Et system ifelge krav 13, hvor en INU tilvejebringes imellem en eller flere af

generatorerne og et tilsvarende MV-modul.

Et system ifelge ethvert af foregaende krav omfattende en eller flere af en vindturbine,

en bwlge- eller tidevandsmaskine, en solcelle og en kombineret anordning til produktion

af varme og effekt.
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