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Executive Summar y 
The integration of subsea electrical hubs offers a promising path to scale offshore 
renewable energy, particularly by enabling the co -location of technologies like 
offshore wind, wave, and solar. In this report , this concept is explored in depth, with 
a strong focus on subsea electrical connectors as a way to retrofit and expand 
existing offshore wind infrastructure in a modular and efficient way.  

Subsea connectors are generally classified by voltage class, mating type (dry -mate 
or wet -mate), and their configuration (in -line or hub). Dry -mate connectors Ṿ those 
requiring connection in a dry environment Ṿ are currently the most mature option 
for medi um -voltage applications and are gradually being developed for higher 
voltage levels (>66 kV). Wet -mate solutions, which allow in -situ subsea mating, are 
more common in lower voltage systems and are now starting to appear at higher 
voltage levels as well, t țɐʔȓț ʌțǸʳẏɶǸ ɾʌȡȺȺ Ʌɐʌ ʭȡǱǸȺʳ ɳɶɐʬǸɅ ɐɶ ǪɐɃɃǸɶǪȡǍȺȺʳ 
mature. For now, dry -mate technology remains the more practical and cost -
effective option for high -voltage floating wind systems.  

As part of this analysis, the proposed test site at Viana do Castelo was used as a case 
study to assess the feasibility of replacing the existing in -line dry -mate connector 
(DMC) with a subsea electrical hub to enable the connection of additional power 
sou rces . While the deployment of an offshore substation would be the 
conventional approach to provide additional connection points and unlock the full 
capacity of the cable, an alternative solution based on subsea electrical hubs can 
be a cost -effective and r apidly deployable solution to overcome the bottlenecks on 
the offshore transmission system . Consultations with manufacturers confirmed 
that , although not yet commercially available, this solution  is technically feasible.  

System specifications were proposed for an  M-shaped 60 kV  subsea electrical hub 
system with two inlets and one outlet,  tailored for the Viana do Castelo offshore 
site . A sequence of offshore operations was developed  for replac ing  the existing dry 
mate connector that currently links  the WindFloat Atlantic dynamic cable to the 
ÿñÃẏɾ Ǹʲɳɐɶʌ ǪǍǩȺǸ. The offshore operations were illustrated with storyboards , 
considering a  logistic solution comprised of a vessel fleet and  ancillary equipment .  

Whi le the entire installation process was found to be  feasible, some operation steps 
are more critical  than others , namely the recovery of the existing DMC (still 
connected to two power cables), its transfer to the deck, the connection of three 
power cables into the new hub, and the precise subsea deployment of the full 
assembly . These procedures require strict handling protocols and suitable vessel 
capabilities. OrcaFlex simulations were carried out to assess critical phases of the 
operation and confirmed feasibility within defined environmental and operational 
limits.  Results suggest that lifting the DMC with two attached cables of differing 
sizes (and weights) may present greater operational complexity than initially 
anticipated . 

Overall, subsea hubs present a valuable opportunity to enhance flexibility and 
scalability in offshore electrical networks. That said, technological and logistical 
barriers Ṿ especially at higher voltage and power levels Ṿ must still be addressed. 
Continue d progress in subsea connector design and offshore installation 
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techniques will be essential to improve reliability, lower costs, and support broader 
adoption.  

The insights gained from this case study provide a relevant technical foundation 
for future developments and reinforce the role of subsea electrical hubs as 
potential  enablers in the transition to more integrated offshore renewable energy 
systems.  
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1 Introductio n  
As the demand for clean renewable energy continues to grow, the co -location of 
offshore renewable energy technologies such as offshore wind turbines, wave 
energy converters  and offshore solar,  offers  a promising strategy to optimize the 
use of marine space, reduce costs through shared electrical infrastructure, and 
streamline permitting processes .  

In the near term, the first steps toward co -location will likely involve integrating  less 
mature offshore energy technologies into existing offshore wind farms . While this 
approach offers practical , economic , environmental and permitting  advantages, it 
also presents technical challenges  Ṿ particularly in integrating new power sources 
into pre -existing offshore electrical infrastructure.  In smaller  (floating)  offshore 
wind farms  Ṿ such as WindFloat Atlantic , where an  offshore substation is absent or 
not designed to accommodate further connections  Ṿ integrating additional power 
sources becomes significantly more complex. It requires the installation and 
connection of new cables directly into the existing offshore electrical network. This 
pro cess must address both electrical compatibility (e.g., voltage, frequency, 
insulation) and physical interface challenges, often within infrastructure not 
originally designed for modular or multi -technology expansion.  

Subsea electrical connectors  can play a key role in  addressing  these challenges, 
providing a flexible and modular solution for connecting new  energy sources into  
a pre -existing offshore  electrical  network. However,  while subsea electrical 
connectors are well established for low - and medium -voltage applications , such as 
control systems and auxiliary power , there remains a significant gap in 
commercially available solutions for  high voltage (e.g., >66 -150 kV) and high -power  
levels required  for  large -scale off shore power transmission . Subsea electrical  hubs , 
which enable  the interconnection  of multiple subsea power cables , are even at a 
lower  matur ity stage , especially for high power and voltage applications . 
Furthermore , there is a lack of publicly available data on key practical aspects of 
such systems, including installation procedures, vessel requirements, step -by -step 
deployment methods, operational weather limits, and ultimately, cost 
implications.  

The EU-SCORES project aim s at demonstrating the benefits of co -locating offshore 
renewable energy sources  Ṿ such as wind, wave, and solar  Ṿ within shared marine 
space . To support this goal, within  the framework  of the project,  a study was 
conducted on the use of  subsea electrical hubs as potential enablers for  retrofitting 
and co -locati ng  offshore renewable technologies into existing (floating) offshore 
wind farms . The Viana do Castelo offshore site was selected as a case study.  The 
initial scope of the task  focused on the procurement, acquisition, and testing of a 
subsea electrical hub intended  to replace the currently installed  in -line dry -mate 
connector  (DMC ), thereby supporting  the expansion of the  Technology Free Zone  
(Zona Livre Tecnológica  Ṿ ZLT) offshore test site .  

To this end, a  procurement process was launched : manufacturers were engaged 
by WavEC , with the support of  EDP NEW and INESC -TEC, and invited to submit 
bids for the development and supply of the system, and in -depth technical 
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discussions were held . However , due to external factors  Ṿ primarily the economic 
repercussions of the Russian invasion of Ukraine and the resulting surge in costs 
across Europe  Ṿ the original plan to acquire and test a subsea hub proved 
financially unfeasible . Consequently, the scope was scaled back to focus on 
evaluating the technical feasibility of replacing the existing DMC with a new subsea 
electrical hub , leveraging on all the knowledge acquired during the process.  

The present  report  documents the  assessment and lessons learned in regard  to  
subsea electrical hubs  and their potential to enable  retrofitting and co -locating  
offshore renewable technologies into an  existing floating offshore wind  (FOW)  
farm.  Section 2 provides an overview of the current state -of -the -art in subsea 
electrical connector technologies, focusing on subsea hubs with 3-phase 60 -66 kV 
systems. In Section 3, the  Viana do Castelo case  study  is presented, including its 
existing conditions and limitations. In this section, t he proposed subsea electrical 
hub  solution  is presented,  including the specification of the system , as well as its  
offshore  installation requirements , procedures  and challenges . Orcaflex 
simulations to key offshore operation steps were carried out to investigate 
installation feasibility and limiting conditions.  Finally, the most important 
outcomes of the work are compiled in Section 4. 
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2 Overview on s ubsea  electrical connectors  
Subsea e lectrical connectors are specialized components that enable  the 
transmission of  electrical  power  between underwater systems , such as subsea 
power cables  or equipment like transformers and generators . Subsea electrical 
connectors can be primarily classified  according to its function type ( transmit 
power or signal ling), installation  location (seabed or floating platform) , connection 
type (fixed or re -matable ), mating method  (dry -mate  or wet -mate ) and by  number 
of inlets and  outlets  (in -line or hub) .  The main types of subsea electrical connectors 
are shown in Figure 1.  

 
Figure 2-1. Subsea electrical connectors type diagram.  

Table 2-1. Characteristics  of subsea electrical connectors . 

Parameter  Description  

Function Type  ¶ Power Connector  
¶ Signalling & Instrumentation  

Installation Location  
¶ Seabed  
¶ Floating platform  

Connection Type  ¶ Fixed  
¶ Re-mateable  

Mating Method  ¶ Dry -mate  
¶ Wet -mate  

Depth  Rating  ¶ Pressure depth specification  

Number of inlets & 
outlets  

¶ In -line (1 inlet, 1 outlet)  
¶ Hub (multiple inlets)  
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2.1 Voltage class  

Subsea mating connector s for power cables  can be categorized by voltage class 
into Medium Voltage (MV) and High Voltage (HV) . MV connectors  typically  operate 
within the range of  7.2 kV  [1] to 52 kV  [2], while HV connectors are usually rated 
around 60 kV  [2]. Although some manufacturers have announced developments 
up to 145 kV, technologies above 66 kV remain in early phases of technical 
qualification  [3]. 

Table 2-2. Summary of electrical subsea connectors  for  applications and typical specifications.  

Application Type  Typical 
Voltage Range  

Typical 
Current Range  

Typical  
Power Range  

Medium Power  7.2 Ṿ 52 kV Up  to 1250 A  Up to 95 MW  

High Power  60 Ṿ 66 kV Up to 2500  A Up to  280  MW  

 

2.2 Mate type  

Connectors  are designed to be either dry -mated  (dry -mate ) Ṿ connected in a dry 
environment Ṿ or wet -mated  (wet -mate ) Ṿ connected underwater, typically using 
a Remotely Operated Vehicle (ROV).  

 
Figure 2-2. MacArtney W et -mate connector  (left ) and in -line d ry-mate connector (right ) Source : 

Guide to a FOW  Farm i. 

2.2.1 Dry -mate  
Subsea electrical Dry -Mate Connectors (DMCs) were originally developed for deep -
sea oil and gas (O&G) exploration. They were designed for depths up to 3,000 
meters and voltages up to 3 kV. Over the past 30 years, they have evolved into 
robust solutions for subsea processing. Modern designs offer lifespans of 25 Ṿ30 
years and can withstand extreme conditions, such as 1,000 bar pressure and 4 °C 
temperatures [4] . As the name suggests, Dry -Mate Connectors require mating and 
un -mating to be performed in a dry environment, typically on deck or in a 

 
 

i https://guidetofloatingoffshorewind.com/guide/b -balance -of -plant/b -1-cables/b -1-3-
cable -accessories/b -1-3-4-connectors -and -joints/   

https://guidetofloatingoffshorewind.com/guide/b-balance-of-plant/b-1-cables/b-1-3-cable-accessories/b-1-3-4-connectors-and-joints/
https://guidetofloatingoffshorewind.com/guide/b-balance-of-plant/b-1-cables/b-1-3-cable-accessories/b-1-3-4-connectors-and-joints/


 

 

 

ÿțȡɾ ɳɶɐȲǸǪʌ țǍɾ ɶǸǪǸȡʬǸǱ ȒʔɅǱȡɅȓ ȒɶɐɃ ʌțǸ MʔɶɐɳǸǍɅɾ ĆɅȡɐɅẏɾ oɐɶȡʽɐɅ ᶰᶮᶰᶮ 
research & innovation programme under grant agreement number 101036457.   

5 

controlled onshore facility. Once connected, the assembly is deployed subsea as a 
sealed unit.  

The O&G industry adopted DMCs to meet the need for reliable electrical 
connections in harsh offshore environments. They are typically used with 
stationary subsea equipment that does not require frequent connection or 
disconnection. Historically, DMCs have been applied in low -power systems  Ṿ such 
as those for signalling, instrumentation, and auxiliary power  - with a few use cases 
in higher -power transmission applications . 

As offshore renewable energy gains traction, there is a growing demand for 
modular, reconfigurable, and maintainable subsea power infrastructure. Dry -mate 
connectors  must be connected in dry, de -energized conditions  Ṿ typically on deck 
during installation or scheduled maintenance. While this limits their use in some 
operational contexts, their relatively simple design, mechanical robustness, and 
lower cost compared to wet -mate systems make them an attractive solution 
wh ere planned connection operations are feasible.  

While traditionally used in lower voltage ranges, recent developments have 
pushed the operational envelope of DMCs into medium voltage. Notably, the 
WindFloat Atlantic project successfully deployed a bespoke 66 kV dry -mate in -line 
connector  [5], demonstrating the feasibility of such systems in high -power offshore 
wind applications.  

Despite this progress, commercially available dry -mate solutions for voltages of  
66 kV  and above  remain limited. Current efforts by manufacturers  Ṿ Including 
MacArtney, ETA Group, and Hydro Group  Ṿ are focused on advancing both in -line 
and hub -type DMCs for MV applications, often with integrated fibre -optic 
capabilities. These advances are critical as offshore wind systems increasingly 
require subsea components capable of operating at 66 kV and potentially up to 
132kV in the near future  [6] . 

2.2.2 Wet -mate  
Wet -mate connectors (WMCs) are subsea electrical connectors that allow for 
underwater mating and de -mating, typically by ROVs or divers, without requiring 
equipment retrieval to the surface. Originally developed for subsea O&G 
applications, particularly in production control systems  and subsea boosting, 
WMCs were designed to reduce downtime, vessel time, and overall installation 
complexity in remote and deep -water environments.  

Unlike dry -mate systems, which require connection in a dry environment, WMC  
are engineered to form a reliable electrical and/or optical connection even when 
submerged, thanks to the use of oil -filled, pressure -balanced designs and guided 
mating mechanisms. Being primarily  developed for O&G sector, most commercial 
WMCs are  qualified for multiple mating cycles (from 10 to >100) and operation  at 
depths of up to  3,000 m  [7], [8] . 

While WMCs are relatively mature in the low - and medium -voltage range (typically 
ỖᶱkʃV), especially for subsea instrumentation, sensors, and control power, high -
voltage (HV) applications above 36 kV remain a frontier of development. The 
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growing offshore renewable energy sector  Ṿ particularly FOW  and tidal power  Ṿ Is 
accelerating demand for higher -rated WMCs to allow for array cable 
interconnection, modular hub architectures, and replaceable floating export cable 
terminations.  

Currently, most commercial wet -mate power connectors are rated between 3 kV 
and 36 kV, with typical current capacities ranging from 100 A to 1,250 A. Only a few 
manufacturers, such as Siemens Energy and SCM Le Mans, have developed or are 
testing wet -mate systems rated above 45 kV, with Siemens' 66 kV WMC  poised to 
become the first of its kind commercially available for floating wind applications  
[9] . 

Despite these advancements, wet -mate solutions above 36 kV are still considered 
pre -commercial, generally classified between  Technological Readiness Level  (TRL) 
4 and TRL 6  [7] . Several technical challenges persist, including insulation 
coordination, dielectric reliability, and mechanical guidance precision during 
subsea mating. As such, dry -mate options continue to dominate the high -voltage 
segment (66 Ṿ145kV), while WMC s are more commonly deployed for medium -
voltage interconnections (up to 36 kV) [10]. 

W MCs hold significant promise for future modular and serviceable offshore energy 
systems, particularly  where  alternative grid configurations (fishbone and star  cable 
topologies)  and  multi -source integration (e.g. wind, wave, hydrogen) are 
envisioned. However, given their lower technology readiness for high -voltage 
power transfer, this report does not assess WMCs in detail. The following sections 
instead focus on dry -mate in -line connectors and hubs for subsea interconnection 
of three -phase cables, which remain  the most mature and deployable option for 
current floating wind projects.  

2.3 In -line connectors  vs Hub s 

Subsea electrical connectors can be designed as either i) in -line or ii) hub. While in -
line connectors link two cables directly, hub configurations allow for the 
interconnection of three or more subsea cables at a single node, enabling more 
flexible layouts and modular designs . 

In some cases, hubs may incorporate active protection systems such as switchgear 
and circuit breakers. However, active protection systems are considered to fall 
under the category of subsea substations and thus  beyond the scope of this report.  

2.3.1 In -line connector  
In -line connectors are typically composed of a pair of matched male/female 
terminations that allow for the electrical connection between two cables  (see 
Figure 2-2). These connectors can be dry -mate or wet -mate, depending on 
whether they must be connected in a dry environment ( e.g. on deck) or can be 
mated underwater.   

They have been used in dynamic -to -static cable transitions, such as between 
floating wind turbine inter -array cables and static export cables. In -line connectors 
can also be useful in phased deployment approaches, where one cable section is 
pre -laid and the connection is made at a later stage.  Additionally, they have also 
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been  used at marine renewable energy test sites, enabling repeated connection 
and disconnection of prototype devices to the test -ɾȡʌǸẏɾ ǸȺǸǪʌɶȡǪǍȺ ȡɅȒɶǍɾʌɶʔǪʌʔɶǸ 
during trial periods.  

From a cost perspective , dry -mate connectors are generally less expensive than 
wet -mate alternatives due to their simpler  mechanical  design and sealing  
requirements . Based on  authors  industry experience , dry-mate connectors rated 
between 6 Ṿ66 ȶĞ ʌʳɳȡǪǍȺȺʳ ɶǍɅȓǸ ȒɶɐɃ ặᶳᶮṞᶮᶮᶮ ʌɐ ặᶯᶳᶮṞᶮᶮᶮ ɳǸɶ ɳǍȡɶṞ ǱǸɳǸɅǱȡɅȓ ɐɅ 
voltage, current rating, and supplier.  By contrast , [11] report mentions  wet -mate 
electrical connectors rated between 6.6 kV and 20 kV are  estimated to cost 
between ặ70Ṟᶮᶮᶮ ǍɅǱ ặᶰᶷᶳṞᶮᶮᶮ per pair  [11] (adjusted to 2025  values ), depending 
on voltage  and current rating , supplier, and scope (e.g., inclusion of termination or 
installation tooling). The report also notes that volume -based discounts may reach 
up to 15% for large orders.  

2.3.2 Hub configurations  
Based on the literature review and consultations with connector developers, two 
main hub configurations have emerged: the M -shaped hub and the Y -shaped hub.  

¶ The M -shaped configuration (see Figure 2-3, left) has all inlets facing the 
same direction. This simplifies mechanical installation ṽparticularly during 
deck integration ṽsince all terminations are aligned. However, it typically 
requires additional cable length and seabed routing complexity, as dynamic 
ǪǍǩȺǸɾ Ƀʔɾʌ ǩǸ ȺɐɐɳǸǱ ʌɐ ɃǍʌǪț ʌțǸ țʔǩẏɾ ȓǸɐɃǸʌɶʳṣ ÿțȡɾ ȡɅǪɶǸǍɾǸɾ ɾʌɶǸɾɾ Ǎʌ 
bends and requires careful management of the minimum bend radius 
(MBR).  

¶ The Y-shaped configuration ( see Figure 2-3, right ), by contrast, features 
opposite -facing terminations, which can allow for a more direct cable path 
for at least two cables. This layout can reduce  the need for long cable loops 
and may help minimize bend ing stress , offering better performance from a 
routing and mechanical stress standpoint. However, Y -hubs may complicate 
installation, especially if cables are pre -laid before hub deployment, and 
might require additional ROV manipulation and support vessels, particul arly 
for stiff HV cables.  

 

 

 
Figure 2-3. Different subsea electric hub configurations  (left) MacArtney ậɾ - M-shaped ẙ GreenLink 

hub with 3 dry -mate connectors  (right)  ETA ẙ Y-shape d - electrical connector  
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Regarding costs, limited information is publicly available. The only identified 
reference dates back to 2006 and relates to the Wave Hub  test site  [12], where  a 
24 kV dry -mate connect or  hub  with four  inlets  was  estimated  to  cost £2.5 million  
(adjusted to 2025  values ). However, the procurement exercise conducted as part of 
this report has provided updated insights into the current costs of such systems, 
which are further detailed in  Section  3.2.1. 

2.4  Key Industry Players  

Several companies are driving the development of in -line subsea connectors and 
modular hubs for offshore renewables, frequently building on technologies 
originally developed for the O&G sector . 

¶ Baker Hughes  Ṿ Offers dry -mate connection systems rated up to 145 kV and 
wet -mate rated up to 32 kV for multi -megawatt subsea power transfer, 
qualified for up to 700 A and down to 3,048 m depth [8] . Although none of 
these systems have been tested or deployed in offshore wind farms to date, 
the floating wind market remains a key focus for the company [13]. The dry -
mate system is currently in operation and classified as TRL 7, while the wet -
mate system is at TRL 4. 

¶ ETA Group  Ṿ Specializes in subsea dry -mate connectors  and subsea hubs for 
medium -voltage applications, offering standard solutions rated up to 36 kV , 
which have been used in  O&G and offshore renewable projects (wind and 
tidal ) [1]. In addition  to its standard portfolio,  ETA successfully designed, 
qualified,  and supplied a bespoke  66kV dry -mate in -line connector for  the 
WindFloat Atlantic floating wind project  [5]. 

¶ Hydro Group  Ṿ Designs and manufactures underwater electrical and optical 
connectors for various sectors, including O&G, defence, and marine 
renewables. For offshore renewable applications, the company specialises  in  
dry -mate subsea connectors for medium -voltage systems, most notably  the 
Hydro Renewable Connector (HRC) series , rated up to 36 kV and 630 A [14]. 

¶ MacArtney  Ṿ Developed the GreenLink Ἆ system, a modular  system 
comprised of  dry -mate in -line connectors  and subsea hub s designed for MV  
and HV offshore applications, with configurations supporting up to 66 kV , 
2500  A. Specifically engineered for offshore renewable applications , it stands 
out as one of the only commercially available modular subsea hubs with 
multiple HV dry -mate interfaces [15] . 

¶ SCM Le Mans  Ṿ Offers a comprehensive portfolio of  both  dry -mate and wet -
mate subsea connectors (from  6 kV to 72 kV and up to 1,250 A). Wet -mate 
solutions include the SEA -VI 6Ṿ100 (6 kV, 100 A) and SEA -VI 66Ṿ1250 
(36/60/72 kV, 1,250A), while dry -mate variants are available across similar 
voltage levels . Currently, SCM is also actively exploring offshore renewable 
energy applications [16]. 

¶ Siemens Energy  Ṿ Historically  focused on subsea O&G power distribution, 
siemens portfolio include both dry -mate and wet -mate subsea connector 
systems , rated up to 45 kV and 1,250  A designed for depths up to 3,000 m . 
The connectors are currently classified at TRL 5Ṿ7 [7] . More recently, the 
company has  expanded its  focu s to offshore renewables, with a 66 kV wet -

https://www.bakerhughes.com/
https://eta-ltd.com/
https://www.hydrogroup-uk.com/
https://www.macartney.com/
https://www.scmlemans.com/
https://www.siemens-energy.com/
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mate system in development for floating wind, prior deployments in tidal 
energy prototypes, and feasibility studies underway for future 150 kV 
solutions  [9] . 
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3 Case study: ZLT in Viana do Castel o 
3.1 Offshore  site description  

Off the coast of Viana do Castelo lies one of the most extensively studied offshore 
areas  for floating marine energy development in the Atlantic Ocean. Identified as 
an offshore renewable energy area  in the Portuguese m arine spatial p lan (PSOEM 
Ṿ ẌPlano de Situação de Ordenamento do Espaço Maritimo ẫ), it  is characterised by 
high wind and wave energy resource s, making it particularly interesting for FOW  
and wave energy developments.  

Within the boundaries of PSOEM -designated  area  is the  WindFloat Atlantic (WFA), 
a pioneering 25 MW pre -commercial FOW  project commissioned in early  2020  (see 
Figure 3-1). As the world ẏs first semi -submersible FOW  farm in operation, WFA is 
situated approximately 18 km from the coast and represents a significant 
milestone in the commercialization of floating wind technology.  

 
Figure 3-1. WindFloat Atlantic 25 MW pre -commercial FOW  farm . 

In  Figure 3-2, the WFA windfarm area (operated by Ocean Winds, formerly by 
WindPlus ) is highlighted in orange. In green, the Viana do Castelo test -site, 
ǱǸɾȡȓɅǍʌǸǱ ʔɅǱǸɶ æɐɶʌʔȓʔǸɾǸ ȺǸȓȡɾȺǍʌȡɐɅ Ǎɾ Ǎ ÿǸǪțɅɐȺɐȓʳ fɶǸǸ įɐɅǸ ṵẌZona Livre 
Tecnol ógica ẫ, or ZLT) is shown, adjacent to the WFA area.  

The Zona Livre Tecnológica  offshore of Viana do Castelo is a 7.63 km² area 
designated by the Portuguese government to support the testing of marine 
renewable energy technologies. Established through  Order No. 298/2023  on 
October 4, 2023 , it offers a pre -consented site with grid access to accelerate 
innovation and reduce regulatory barriers.  

The export cable connecting WFA to shore, operated by REN, the Portuguese 
Transmission System Operator (TSO ), is shown in grey . This cable  was initially 
designed with excess capacity to accommodate not only the WFA but also future 
marine energy projects in that area.  

Presently, WFA is directly connected to the export cable through an in -line DMC, 
designed for disconnection and reconnection when needed . The export cable is 
rated for 200 MVA at 150 kV [17]. However, in the absence of a substation to step up 
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the turbine  array  voltage, the export system is currently operat ing  at 60 kV which 
limits the cable power  capacity  to 80 MVA. Given WFA ẏs capacity of 25 MW, this 
leaves an estimated 55 MVA of unused capacity in the export infrastructure (both 
the subsea cable and the onshore switching station).  

 
Figure 3-2. Legal delimitation of the ZLT according to Portuguese National Gazette [18]. 

ÿɐ ǸɅǍǩȺǸ ɳɐʭǸɶ Ǹʲɳɐɶʌ ȒɶɐɃ ʌțǸ į¬ÿ ʔɾȡɅȓ éM¸ẏɾ ǸʲȡɾʌȡɅȓ ȡɅȒɶǍɾʌɶʔǪʌʔɶǸṞ ʌțǸ 
existing  DMC must be replaced  for a solution that  enables connecting additional 
offshore power cables . While this could be achieved with a n offshore substation  
(which would enable operating the export  cable at 150kV ), if the  voltage  remains at 
60 kV , a subsea electrical hub may suffice.  Either solution would facilitate the 
connection of additional offshore renewable energy technologies to the grid  and  
ȒʔȺȒȡȺ ʌțǸ į¬ÿẏɾ ɳʔɶɳɐɾǸ. 

3.1.1 Electrical infrastructure  
As previously mentioned, t he offshore electrical infrastructure in Viana do Castelo 
integrates both elements of the national transmission system and project -specific 
components  from the WindFloat Atlantic floating wind farm . Together, they 
establish the  interface between the WFA  and the Portuguese mainland grid. The 
system comprises three main assets:  

1. Export cable : A subsea power cable currently  connecting the WFA to the 
national grid. As part of the national transmission system, the export cable 
is operating at 60kV and is managed  by REN, the Portuguese TSO ; 

2. DMC : A subsea in -line DMC  that provides the  interface between the export 
cable and the ğf!ẏɾ dynamic array cable. Like the export cable, the 

https://www.ren.pt/
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connector is considered as part of the national transmission system and 
thus operated by the TSO;  

3. Dynamic  array  cable : A subsea cable operated by Ocean Winds  (WFA 
operator) , linking  the  Ȓȡɶɾʌ ğf!ẏɾ ʌʔɶǩȡɅǸ ʌɐ ʌțǸ E¶>, effectively connecting 
the wind farm to the national transmission system.  

 
Figure 3-3. DMC being lifted during offshore installation , with both the Dynamic cable and Export 

cable pre -connected  [19]. 

According to [19], the DMC is protected by 31 rock bags , each weighing 2 tonnes. 
The export cable is buried just before reaching the DMC, whereas  the dynamic 
cable section near  the DMC was  assumed to be  left  unburied at the time of 
installation . Due  to natural sedimentation , this section may require unburial for any 
future disconnection . 

Figure 3-2 shows the geolocation of the WFA and its export cable, which runs 
predominantly along an East ṾWest axis. Assuming a standard in -line connection, 
the dynamic cable from the WFA is likely aligned along the same axis, resulting in 
the overall subsea layout illustrated in  Figure 3-4. 

 
Figure 3-4. Orientation of subsea equipment and cable routes relative to cardinal directions.  

Based on publicly available data [19], [20], the main  specifications of  the electrical 
infrastructure  assets  offshore Viana do Castelo are summarized  in Table 3-1. For 
parameters  not publicly disclosed, values were estimated using technical data 
from subsea  cable manufacturer catalogues (e.g., ABB, Hengtong, NKT, Nexans), 
reference designs [14], and expert judgement . Estimated values are marked with 
an asterisk  ( * ) in the table.  These specifications  are relevant for the technical 
analysis presented  in Section 3.2. 

  

Dynamic cable  

DMC  Export cable  Shore  

https://www.oceanwinds.com/
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Table 3-1. List of public and estimated specifications of the electrical infrastructure.  
Asset 

(manufacturer)  Electrical Specifications  Mechanical Specifications  

Export cable   
(Hengtong)  

¶ Voltage rating: 150 kV  
¶ Power capacity: 200 MVA  

¶ Length: 17 km  
¶ Outer Ø: 225 mm  
¶ Conductor: 3 x 1164 mm² (Cu)  
¶ Weight (air): 102.3 kg/m  
¶ Weight (water): 65.98 kg/m  * 
¶ MBR: 4.5 m * 
¶ Bending stiffness: 70 kNm 2 * 
¶ Axil stiffness: 575 MN * 
¶ Torsional stiffness: 50 kNm 2 * 

DMC   
(ETA Group)  ¶ Voltage rating: 66 kV  

¶ Weight: 3 ton * 
¶ Length: 6 .5 m * 
¶ Average diameter: 1.0 m * 
¶ Distance between lifting points: 

3.8 m * 

Dynamic cable  
(JDR) ¶ Voltage rating: 66 kV  

¶ Length: 3 km * 
¶ Outer Ø: 1 20 mm * 
¶ Conductor: 3 x 185 mm² (Cu) * 
¶ Weight (air): 25 kg/m * 
¶ Weight (water): 15 kg/m * 
¶ MBR: 2.0 m * 
¶ Bending stiffness: 6.0 kNm 2 * 
¶ Axil stiffness: 180 MN * 
¶ Torsional stiffness: 12 kNm 2 * 

System Capacity and Oversizing  
The export cable is rated at 200 MVA when operated at 150 kV, corresponding to a 
maximum line current of approximately 770 A. However, when operating at 60 kV, 
consistent with the WFA farm voltage, the export cable can transmit up to 
approximately 80 MVA, assuming the same current limit.  

Given that the WFA currently generates 25 MW, this leaves around 55 MW of 
unused transmission capacity at 60 kV. The export cable is therefore considered 
significantly underutilized , offering the potential to accommodate further offshore 
connections without requiring an offshore substation.  

3.1.2 Metocean  
3.1.2.1 Waves  
The metocean data for the Viana do Castelo offshore site  was obtained from the 
ECHOWAVE  hindcast dataset  [21], generated  by TU Delft as part of the  EU-SCORES 
project . Covering the European Atlantic coastlines , ECHOWAVE was developed 
using WAVEWATCH III , has a resolution of approximately 2  km with a duration from 
1990-2021 at hourly (1 -hr) intervals.  For more detailed information, refer to EU -
SCORES Deliverable D6.3  [22] .  

To illustrate the wave energy climate  at the  WFA and ZLT sites , wave scatter 
diagrams were generated and plotted  in Figure 3-5 and Figure 3-6. 
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Figure 3-5. Scatter diagram of wave significant height (Hs) and wave period (Tp) for the WFA area. 

Warmer colours represent more frequent sea states while green colours represent less frequent 
sea states . 

To better understand the predominant sea states, the wave data was decomposed 
by direction, and corresponding scatter diagrams were generated. The results of 
this analysis are shown in Figure 3-6. 

 
Figure 3-6. Scatter diagrams of wave HS and TP for six different directions: 330º -30º, 30º -90º, 90º -

150º, 150º-210º, 210º-270º, and 270º -330º . 

As shown in  Figure 3-6, the most common sea states originate from the Northwest, 
West, and North, respectively. This pattern is expected, given the location of the 
WFA and its proximity to the mainland on the eastern side, which offers natural 
shelter from that direction. It is a lso known that sea states from the South are 
typically associated with storm events  when it is very unlikely to perform any 
offshore operation.   

Therefore, this case study focuses on wave directions from the North , Northwest , 
and West . 
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3.1.2.2 Wind  
Regarding wind characteristics, the same data source  Ṿ ECHOWAVE Ṿ was used.  
Figure 3-7 illustrates the wind speed distribution (in m/s) across different directions 
for the WFA area.  

 
Figure 3-7. Wind rose diagram showing wind speed and directional frequency for the WFA area 

based on ECHOWAVE data.  

As expected, the prevailing wind direction is from the North.  

3.1.2.3 Surface c urrents  
Given that ECHOWAVE dataset does not have surface currents, a separate dataset 
was consider ed for the Viana do Castelo offshore area , consist ing  of 27 years of 
hourly data, ranging from January 1 st, 1993, to December 31 st 2019, featuring surface 
current speeds magnitudes and directions.  A current rose depicting the surface 
current speed magnitudes per incoming directions was  obtained . 
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Figure 3-8. Current speed rose . 

3.1.3 Seabed conditions  
Within the scope of the project , WavEC subcontracted the Instituto Hidrográfico  
(IH) to conduct a geophysical and geological seabed survey within the ZLT area. 
Two survey campaigns were carried out  Ṿ one in March and another in October 
2023  Ṿ with the objective of characterizing the seafloor and underlying 
sedimentary cover to inform the potential installation of a subsea hub. The 
investigation focused on three key aspects: seabed geomorphology, surface 
sediment composition, and the internal st ructure of the sedimentary layer. The 
final report is publicly available and can be accessed  online  via  [23] . A summary of 
the main findings relevant to this report is presented below.  

 
Figure 3-9. Photograph taken during seabed survey carried out by IH in 2023 . 

Seabed Morphology  
The multibeam echosounder (MBES) survey provided a high -resolution (2 m) 
bathymetric model, showing a generally smooth and regular seabed  with an 
average slope of 0.34° , and water dep th s ranging  between 92 and 105  m across  the 
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surveyed area  (Figure 3-10). A single rocky outcrop (~83×72 m, 2.3 m high) was 
identified in the southeast  corner , surrounded by a zone of steeper slopes (up to 
20°). Additionally, small NE ṾSW-oriented depressions (0.6 -0.9 m deep) were 
observed in the deeper section  of the area . Based on these findings, a water depth 
of 100 m was adopted for the preliminary design of the dry -mate subsea hub 
connectors conducted in this report  (see Section  3.2.1.1). 

 
Figure 3-10. Bathymetric surface of the ZLT, from the report  [23] . 

Surface Sediments  
Twelve grab samples and acoustic backscatter data were used to classify surface 
sediments. Two distinct regimes were identified: (i) coarser sediments (very coarse 
sand and gravel)  located  in the depressions and around  the rocky outcrop, and (ii) 
finer silty sands across the remaining area.  

 
Figure 3-11. Remote classification of the sedimentary cover, from report  [23] . 

These findings indicate that the seabed conditions are generally favourable for the 
installation of a subsea electrical hub.  The smooth bathymetry and consistent 
sediment cover present minimal morphological constraints . 
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3.2 Integrating additional generation  capacity using  a Subsea 
Electrical Hub  

To enable the integration of additional offshore renewable energy capacity within 
the Viana do Castelo ZLT, the option of installing a subsea electrical hub has been 
studied as a potential solution.  The proposed solution consists of a subsea  electrical  
hub featuring two inlets  Ṿ one connected to the existing WindFloat Atlantic (WFA) 
infrastructure and the other accommodating a new dynamic cable for additional 
renewable energy capacity  Ṿ and a single outlet interfacing with the existing export 
cable to shore . 

 
Figure 3-12. Expected orientation of the subsea equipment and subsea power cable routes relative 

to cardinal directions.  

3.2.1 Subsea electric  hub  
To engage manufacturers, functional and engineering requirements were 
specified  by SBM Offshore . The full document is included as Appendix A.1. The 
system specifications were shared with the following manufacturers : 

¶ ETA Group  
¶ Hydro Group  
¶ MacArtney  
¶ Pfisterer  

3.2.1.1 Functional Requirements  
The functional requirements of the subsea hub specify that it must operate 
continuously at 60 kV and support up to 80 MW of power. It must withstand subsea 
conditions at 100 m depth, with IP68 ingress protection, and a current rating of 
1000 A. Terminations must accommodate:  

1. 1x HV export cable with a dry -mate connector  
2. 1x HV dynamic cable with a dry -mate connector  
3. 1x Additional retrievable dry -mate pigtail to allow future expansions without 

recovering the full hub from the seabed.  

The hub is to be designed for a 25 -year operational lifetime, using materials with 
appropriate corrosion resistance, and must include 72 single -mode optical fibres. 
Availability should target 99.9%, and the design must ensure secure cable 
termination, prop er sealing, and bend stiffeners.  

Dynamic cable  

Subsea hub  

Export cable  

Shore  

New dynamic cable  
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3.2.1.2 Engineering Requirements  
The manufacturer must comply with relevant technical standards, such as those 
from IEC and CIGRE. All equipment must undergo factory testing, with particular 
emphasis on type tests Ṿ especially for electrical performance (e.g., impulse voltage, 
temperature  rise) Ṿ and mechanical Factory Acceptance Tests ( FAT) procedures. 
These tests should be witnessed by the client when required.  

3.2.1.3 Proposed Subsea hub  solution  
Building on the literature review, technical discussions, engineering requirements 
established within the EU -SCORES project, and input gathered through 
engagements with industry developers, an M-shaped subsea hub  configuration  Ṿ 
featuring two inlets and one outlet  Ṿ was selected for analysis.  

This  M-shaped system was considered due to its ability to provid e gentler cable 
entry angles  and simplif ied  installation procedures , reducing mechanical stress on 
the cables during deployment  operations . 

Cost estimates obtained from industry suppliers, which include both development 
and qualification, suggest that a 60 kV , 3-way hub system using dry -mate cable 
connectors may range  ǩǸʌʭǸǸɅ ặᶵᶮᶮṞᶮᶮᶮ ǍɅǱ ặᶰ ɃȡȺȺȡɐɅ, with average price  
tend ing  toward s the higher end of this range. Y -shaped hubs were found to be 
slightly less expensive, though they introduce greater installation complexity, 
particularly in terms of cable alignment and subsea handling.  

Initially, the project considered integrating power measurement and local 
switching  functionalities  Ṿ such as circuit breakers or isolators  Ṿ directly into the 
subsea hub. While technically feasible , discussions with connector  developers 
indicated  that this approach would significantly increase system complexity and 
overall cost. As a more practical and cost -effective alternative, it was proposed to 
implement reactive power control, measurement, and production cut -off 
mechanisms at the device (e.g. , turbine ) level. This approach requires coordination 
between all relevant stakeholders, including the TSO (REN), the WFA operator, and 
the future test -site manager. By relocating these functions upstream, the subsea 
hub can be simplified to operate as a passive electrical junction, which was  more 
compatible with current technology maturity and this project budget constraints.   

Additionally, the Portuguese Transmission Network Development and Investment 
Plan (PDIRT  2025 -2034 ) [24]  anticipates future upgrades at the Viana do Castelo 
ZLT aimed at maximising the use of the existing export cable through additional 
66 kV offshore connections, ultimately reaching its full injection capacity of 80 MVA 
under current 60 kV operation. While the proposed subsea hub solution does not 
encompass the full functional scope envisaged in the PDIRT  Ṿ namely, switching 
capabilities  Ṿ it offers a pragmatic contribution toward that broader objective.  

3.2.2 New dynamic cable  
To allow for the connection of additional offshore renewable energy capacity onto 
the offshore transmission grid in Viana do Castelo, the new dynamic cable  must 
comply with  the electrical and mechanical specific ations  detailed in Table 3-2. The 
cable specifications were defined using reference power cable mode s from 
literature [25]. 
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Table 3-2. Electrical and mechanical specifications of the dynamic cable . 
Specifications  

Electrical  Mechanical  

¶ Voltage rating: 66 kV  
¶ Power capacity: 55 MVA  

¶ Length: 5 km  
¶ Outer diameter: 184 m m  
¶ Conductor: 3 x 630 mm 2 (copper)  
¶ Weight in the air: 55.8 kg/m  
¶ Weight in water: 25 kg/m  
¶ MBR: 2.0 m  
¶ Bending stiffness: 1.9 kNm 2 
¶ Axial stiffness: 337 MN  
¶ Torsional stiffness: 152 kNm 2 

 

3.2.3 Installation Strategy for the Subsea Electric Hub  
To integrate the subsea electrical hub into the existing offshore grid infrastructure 
at the Viana do Castelo test site, a two -step offshore operation is required . The first 
step involves retrieving the existing subsea power cables and in -line DMC 
connector  from seabed , ensuring they are safely recovered , and then removing the 
DMC . The second step consists of connecting  the subsea  power cables (including 
the new dynamic cable)  to the  electrical hub  and then lowering the entire system 
onto the seabed.  These  two steps can be further divided into five logistic 
operations:  

1. On -site preparations  in Section  3.2.3.3.1 
2. Retrieving the offshore cables and DMC  in Section  3.2.3.3.2 
3. Cable connecting to the subsea dry -mate hub connector  in Section  3.2.3.3.3 
4. New electrical infrastructure installa tion  in Section  3.2.3.3.4 
5. Final operations  in Section  3.2.3.3.5 

3.2.3.1 Vessel solution  
To conduct the operations required to integrate the subsea electrical hub  into the 
existing offshore grid infrastructure , the requirements presented in Table 3-3 were 
assumed and the following vessel solution is pro posed . 

Table 3-3. Vessel requirements for each operation.  
Vessel  Role  Requirements  Example vessel  

DMC retrieval  
Cable termination  

Subsea hub installation  

¶ ~50 ton crane capacity  
¶ ~1000 m 2 deck area  
¶ ~40 ton tugger winch capacity  

Ocean Yield Connector  
(Jan De Nul ) 

or  
Normand Installer  
(Solstad Offshore ) 

New dynamic cable 
installation  

¶ 600 ton  turntable  
¶ Dynamic Positioning : DP2 

Pleijel  
(Baltic Offshore ) 

Rock retrieval  
Rock installation  

¶ 3 ton crane capacity [19] 
¶ 300 -500  m 2 deck area  

Simon Stevin  
(Jan De Nul ) 

Seabed survey  ¶ Capable of deploying an 
inspection -class ROV  

Castelo de Óbidos  
(Tinita ) 
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Main vessel Ṿ Cable Laying Vessel (CLV)  

For the replacement of the DMC with a subsea hub, the Ocean Yield Connector  
was considered . Operated by Jan De Nul, t he Ocean Yield Connector  (in Figure 
3-13) is the same vessel that  carried out most of the offshore work related to the 
installation of the export cable  and DMC  in Viana do Castelo for the WindFloat 
Atlantic project  [20] . The vessel has the following characteristics : 

¶ Length Overall (LOA): 157 m;  
¶ Port -mounted crane: 400 ton (heave -compensated);  
¶ Stern -mounted crane: 100 ton (heave -compensated);  
¶ Deck area: 2100 m 2; 
¶ Dynamic Positioning (DP): DP3.  

The operation of over -boarding the subsea hub with attached cables is the most 
demanding in terms of crane capacity. However , this task requires approximately  
30 tonnes of lifting capacity , while  ʌțǸ ʬǸɾɾǸȺẏɾ ɾʌǸɶɅ-mounted crane has a capacity 
of 100 tonnes.  

It should be noted that the vessel is likely oversized for the scope of the 
replacement activity  and thus  its selection reflects a conservative approach . 
Depending on the specific requirements Ṿ such as lifting capacity, ROV 
deployment, and deck space Ṿ smaller and more cost -efficient construction 
support vessels may offer a more optimal solution. For example, a vessel like the 
Normand Installer (operated  by Solstad) could fulfil the operational needs.  

 
Figure 3-13. Ocean Yield Connector  vessel . Source:  Hengtong  Group . 

Secondary  vessel  
The secondary vessel must be equipped for cable installation, including a 
turntable, cable tensioners, cable rollers , and a lay chute. This vessel is responsible 
for laying the new dynamic cable, which is relatively small; therefore, the 
requirements for this vessel are not complex  for a CLV . 

The following specifications were assumed for this vessel:  

¶ Length Overall (LOA): 80  m ; 
¶ Turntable: 600 tonnes.  
¶ Dynamic Positioning (DP): DP2.  
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Figure 3-14. Pleijel vessel (by Baltic Offshore). Source: Baltic Offshore.  

Rock Installation Vessel  
For the removal and re -installation of the rock bags, the same vessel used 
previously for rock bag placement along the cable route was considered: the 
Simon Stevin, operated by Jan De Nul  (see Figure 3-15). 

These vessels are specialized ships designed to place or remove rocks (or rock bags) 
to protect and/or stabilize the seabed for the installation of subsea infrastructure 
such as cables. They are typically equipped with a vertical or inclined fall -pipe 
syst em and a moonpool. Guided by ROVs and advanced positioning systems, these 
systems enable precise placement of rocks at the desired location.  

Once again, f or  the bespoke  scope of works , deploying th is large vessel would  likely 
be  excessive. Depending  on the operational requirements , the rock bags can  likely 
be recovered using either  the Offshore Support Vessel or even the main CLV. 

 
Figure 3-15. Simon Stevin vessel . Source: Jan De Nul.  

Offshore Support Vessel  
For the initial operation involving seabed survey and identification of subsea 
equipment , a small Offshore Support Vessel (OSV) Ṿ preferably a locally available 
unit  to reduce mobilization costs  Ṿ should be sufficient. An example of a local OSV 
is shown in Figure 3-16. The primary requirement is the capability to deploy an 
inspection -class ROV to carry out the seabed inspection. Depending on the vessel's 
specifications and available deck equipment, it may also be possible to replace the 
dedicated Rock Installation Vess el with this OSV, thereby reducing the total 
number of vessels required for the operation.  
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Figure 3-16. Castelo de Óbidos v essel  (by Tinita). Source: Vessel Finder.  

3.2.3.2 Auxiliary equipment  
Support equipment is essential to complement the capabilities of a vessel during 
subsea operations. While the vessel provides the platform, power, and control 
systems, this specialised equipment enables the safe and efficient handling, 
positioning, and protection of the cable s and DMC  Ṿ both on deck and underwater.  
Most offshore vessels  are already fitted  with much of this equipment , allowing for 
integrated and streamlined operations without  the need for additional 
mobilisation  and cost . The support equipme nt expected to be required  for this 
case study is presented and described in Table 3-4. 

Table 3-4. Supporting equipment for the operations . 

Equipment description  Example  

Inspection -class ROV  
Inspection -class ROVs ar e compact, lightweight vehicles 
designed primarily for visual inspections and subsea 
surveys before  and after installation . Equipped  with high -
resolution cameras and basic sensors, they offer high 
manoeuvrability but  limited payload and tooling capacity. 
Their quick deployment makes them suitable for initial  
seabed inspections on -site.   

Source: Tamboritha  
Work -class ROV  
Work -class ROVs a re larger, more powerful, seaworthy  and 
capable of performing complex intervention tasks. 
Equipped with manipulators, tooling skids, and advanced 
positioning and control systems, these ROVs can carry out 
heavy -duty operations such as valve manipulation, cutting, 
dredging, and installation o f subsea equipment. Due to 
their size and power requirements, work -class ROVs 
typically DP vessels and significant onboard infrastructure 
for operation and control.  It is expected that for the subsea 
hub related offshore activities, a work class ROV will be 
used.  

 
Source: Australian Government  
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Jetting tool  
Jetting tools are used to loosen soil particles in soft to 
medium seabed conditions (such as sands or silts) and 
remove them from a designated area by delivering high -
pressure water jets. When applied along a cable route, they 
expose the buried section of the cable, allowing it to be 
accessed without direct mechanical contact. Typically, a 
jetting tool is a frame -mounted device lowered  to the 
seabed using a crane or winch line. Figure 4 7 shows an 
example of such a tool.  

 
Source: Rotech Subsea  

Jetting ROV  
Like jetting tools, jetting ROVs are used to loosen seabed 
particles and are more commonly used in cable installation 
operations. These work -class ROVs are equipped with 
jetting nozzles and are controlled from a surface vessel. 
They are typically used when greater precision, reach, or 
manoeuvrability is required, particularly in areas with 
complex or uneven seabed terrain .  

Source: DeepOcean  

Cutting tool  
Cutting tools are subsea devices designed to cut cables or 
pipelines on the seabed. They typically combine a 
hydraulic grab with an integrated cutting mechanism, 
allowing them to securely grip and cut the cable or pipe in 
a single operation. These tools are usually deployed from a 
vessel using a crane or winch line. Figure 4 9 shows an 
example of such a tool.  

 
Source: Rotech Subsea  

Buoyancy modules  
Buoyancy modules are designed to provide uplift force to 
underwater equipment, such as cables. Made from foam 
or other buoyant materials, these modules are attached to 
subsea assets to reduce their effective weight in water. In 
this case study, buoyancy mo dules may be used to reduce 
cable total weights during DMC lifting and, therefore, 
reduce the stress due to over -bending.   

Source: CRP Subsea  

Overboarding chute  
Overboarding  chutes guide cables from the vessel into the 
water (and vice -versa ) while maintaining curvature above 
the MBR , preventing damage to internal components and 
ensuring safe, controlled deployment  (or recovery) . 

 
Source: Maritime Developments  
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Cable tensioners  
Cable tensioners are used offshore to deploy and retrieve 
cables and umbilicals. They typically consist of two 
opposing caterpillar tracks  Ṿ mounted either horizontally 
or vertically  Ṿ on a shared sub -frame, with one track fixed 
and the other hydraulically adjustable to apply clamping 
force. This configuration ensures the cable is securely 
gripped and remains centred as it passes vertically 
through the cleat -style tracks.  

 
Source: Reel Power  

Cable r oller  
Rollers are used  to support and guide  cable s path during 
spooling, deployment, and recovery operations, ensuring 
compliance with minimum bending radius and reducing 
mechanical stress.   

Source: Maritime Developments  

Pulling head with messenger wire  
Pulling heads are mechanical devices attached to cable 
ends to enable pulling operations without damaging the 
cable.  
¶ǸɾɾǸɅȓǸɶ ʭȡɶǸɾ ǍɶǸ ǪɐɅɅǸǪʌǸǱ ʌɐ ʌțǸ ɳʔȺȺȡɅȓ țǸǍǱẏɾ 
eyebolts and are used to guide the cable along the desired 
path.   

Source: Slingco  

 

3.2.3.3 Offshore operations  

3.2.3.3.1 On -site p reparations  

Prior to retrieving the DMC, a series of on -site preparations must be carried out to 
ensure a safe and efficient operation. These include DP -trials, a visual inspection of  
the seabed using an ROV to verify seabed conditions  and confirm the  precise 
location and orientation of the subsea cables and DMC.   

As the export cable is protected with rock bags, t hese must be removed. Where 
buried, the sections of the export cable that will be lifted must be exposed using a 
jet trenching system. Finally, using a work -class ROV, the  vessel crane winch must 
be secured onto  the lifting eyebolt on the DMC, designed for lifting.  

A proposed  sequence of operations to achieve this  as well as an expected duration  
to carry out these operations is presented in Table 3-5. 
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Table 3-5. Sequence of offshore operations to expose the DMC and export cable . 

#  Offshore operations  
On -site  

Estimated 
Duration  

1 DP sea trials, conducted 500m outside exclusion zone.  

27 h  

2 Perform a seabed visual inspection using an inspection -class ROV . 

3 Retrieve  rock bags protecting the DMC ii. 

4  Expose the export cable by jetting a section using a jet trenching 
system . 

5 
Using a work -class ROV, connect a lifting chain to the eyebolt on 
the export cable side of the DMC . 

3.2.3.3.2 Retrieving the offshore cables and DMC  

This section focus es on the offshore procedures required  for  the retrieval of the 
existing DMC, ensuring that both the export and dynamic cables are handled 
within safe operational limits, avoiding excessive tension or bending moments. It 
is assumed that the vessel executing the operation is positioned to the south of the 
system, oriented with the bow facing south, and using the aft deck for deployment 
and recovery of subsea equipment  Ṿ DMC and cable ends . The rationale behind 
this vessel orientation is further discussed  in Section 3.2.3.3.4. 

The sequence of operations presented in  Table 3-6 proposes two potential 
logistical approaches for retrieving the system from the seabed. The first two 
operations are common to both potential scenarios, after which two distinct 
alternatives can be considered. Option a) involves lifting the DMC with both cables 
still connected, allowing the entire system  to be retrieved in a single lifting 
operation. While this option potentially reduces operational time, auxiliary 
equipment, and the number of operational steps, it poses challenges in cable 
handling and monitoring to prevent damage to both cables throughou t the water 
column. Alternatively, option b) proposes severing the export cable (while still 
laying on the seabed) as close as possible to the DMC, decoupling  the retrieval into 
two simpler lifting operations: one for the DMC with the attached dynamic cable, 
and another for the export cable alone. Although option b) simplifies cable 
handling , it requires  deploying additional equipment to the seabed  Ṿ which could 
increase operational time  Ṿ and increases  the risk of water ingress into the export 
cable.  

  

 
 

ii As an alternative, r ock bags may be temporarily displaced  clear from  the work area on the 
seabed  to reduce  deck space requirements . 
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Table 3-6. Sequence of offshore operations to retrieve the DMC and the export and dynamic cables 
ends.  

#  
Offshore operations  

On -site   
Estimated 
Duration  

1 Position the CLV directly above the DMC location  
2 h  

2 Deploy a work -class ROV  
Option a)  

3.a.1 
Lower the CLV crane hook to the seabed and secure it to the pre -
installed recovery chain  with the ROV . 

3.5 h  

3.a.2 
Hoist the DMC to approximately 6 meters above the waterline  at a 
lifting speed of 0.1 m/s iii  

3.a.3 

Slew the crane boom to position the DMC over the aft deck. As the 
DMC is maneuverer, guide the attached cables through the 
designated cable handling system (e.g., cable chute(s), tensioners, 
and cable rollers), ensuring that the MBR is not exceeded and the  
maximum breaking load  (MBL ) is not approached.  

3.a.4  Lower the DMC onto the deck.  
Option b ) 

3.b .1 Lower a subsea cutting tool to the seabed.  

11.5 h 

3.b .2 Cut the export cable as close as possible to the DMC.  
3.b .3 Recover the cutter tool to the vessel deck.  

3.b .4  
Lower the CLV crane hook to the seabed and secure it to the pre -
installed recovery chain.  

3.b .5 Hoist the DMC to approximately 6 meters above the waterline.  

3.b .6 

Slew the crane boom to position the DMC over the aft deck. As the 
DMC is maneuverer, guide the attached dynamic cable through the 
designated cable handling system, ensuring that the MBR is not 
exceeded and the MBL is not approached.  

3.b .7 Lower the DMC onto the deck . 

3.b .8 
Install a cable pulling head  with a work -class ROV onto the export 
ǪǍǩȺǸẏɾ ǸɅǱṣ 

3.b .9 Lower a messenger wire and attach it to the pulling head . 

3.b .10 

Recover the cut end of the export cable to the vessel deck. During 
this process, guide the export cable through the designated cable 
handling system, ensuring that the MBR is not exceeded and the 
MBL is not approached.  

 

In this report, Option a)  Ṿ w ithout the need for  buoyancy modules  Ṿ was selected 
as the most likely methodology to be applied. Steps number 3.A.2 and 3. A.3 were 
considered t he most critical operation s, and for that reason were  analysed in  
OrcaFlex  (see Section  3.2.4) to identify weather restrictions and quantify risks . To 
better illustrate the operation of lifting the DMC and cables from the seabed to its 
placement on the deck, simplified storyboards are presented in  Figure 3-17. 

 
 

iii If, during lifting, the export cable side becomes substantially heavier than the dynamic 
cable side, and there is a risk of compromising the dynamic cable integrity, buoyancy 
modules may be installed on the export cable to balance the load and mitigate str ess on 
the dynamic cable.  
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Figure 3-17. Simplified storyboard showing DMC  hoisting  and placement onto deck iv. 

3.2.3.3.3 Cable connecting to the subsea dry -mate hub connector  

Following the recovery of the original DMC, the two existing cables Ṿ previously 
connected to either side of the DMC Ṿ have been safely recovered to the deck of 
the main CLV and are now ready for re -termination. As part of this process, a short 
section of each cable Ṿ around 6 metres  Ṿ will be cut and disposed of to eliminate 
any damage or water ingress near the former connector interface. The cable ends 
will then be stripped, re -dressed, prepared for integration , and connected to the  

 
 

iv Some of the equipment that is shown will only be used on the installation of the new 
subsea dry -mate hub.  
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new dry -mate connectors  on the hub.  Cables  must always be tested once 
connected.  

In order to enable the evacuation of electricity from new technologies being 
deployed in the ZLT, a new dynamic cable must be connected to the subsea hub. 
The next phase of the operation involves connecting the new dynamic cable to the 
same subs ea dry -mate hub. The dynamic cable will be delivered on a second CLV 
and transferred via a controlled pull -in operation to the main CLV, where final 
terminations and hub assembly will take place.  

The steps  for the new dynamic cable pull -in operation  are presented in  

Table 3-7. Sequence of operations to pull -in the new dynamic cable to the main CLV . 

#  Offshore operations  
On -site  

Estimated 
Duration  

1 

Position the second CLV (transporting the new dynamic cable) with 
its the stern facing the stern of the main CLV  and m aintain a safe 
working separation of approximately 50 metres between the two 
vessels. 

5 h  

2 
Ensure all inter -vessel communication channels are active and 
clear.  

3 
Onboard of the second CLV, i nstall a pulling head with messenger 
wire on the new dynamic cable end.  

4  
From the second CLV, o verboard the new dynamic cable into the 
sea using vesselẏɾ ǪǍǩȺǸ țǍɅǱȺȡɅȓ ɾʳɾʌǸɃ ṵǪǍǩȺǸ ǪțʔʌǸṞ ʌǸɅɾȡɐɅǸɶɾṞ 
and cable rollers).  

5 From the main CLV, deploy a work -class ROV.  

6 
From the main CLV, d eploy the pull -in wire using the  ROV. The pull -
in  wire should be connected to a tugger winch.  

7 Connect  the  pull -in wire and the pulling head . 

8 From the main CLV, p ull -in the new dynamic cable onto the deck, 
guiding the cable through the cable handling system  

 

The subsequent  procedures are similar to what was described before for the 
termination  and connection  of the other cables . 

3.2.3.3.4 New electrical infrastructure installa tion  

Once all three power cables are terminated and connected to the subsea hub, the 
next phase is its deployment to the seabed. As per the design outlined in  section 
3.2.1.3Ṟ ǍȺȺ ɐȒ ʌțǸ țʔǩẏɾ ȡɅȺǸʌɾ ǍɶǸ ɳɐɾȡʌȡɐɅǸǱ ɐɅ ʌțǸ ɾǍɃǸ side , which can present 
significant challenges during over -boarding and placement due to cable 
alignment and handling constraints . 

The purpose  of the new dynamic cable is to enable the connection of future 
technologies planned for deployment at  the ZLT. As shown in  Figure 3-2, to cover 
the ZLT designated area, the cable route should extend northward from  the 
electrical subsea hub , as illustrated  in  Figure 3-12. 

Table 3-8 outline s a proposed methodology for the deployment of the subsea hub 
and associated cable systems . 
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Table 3-8. Sequence of operations to install the whole new electrical infrastructure . 

#  Offshore operations  
On -site  

Estimated 
Duration  

1 
Secure a lifting chain to the subsea hub's designated lifting points 
(eyebolts).  

6 h  

2 >ɐɅɅǸǪʌ ʌțǸ ǪțǍȡɅ ʌɐ ʌțǸ ɃǍȡɅ >¬Ğẏɾ ǪɶǍɅǸ țɐɐȶṣ 

3 

Hoist  the subsea hub from the deck to a height of 9 m at a 
controlled hoisting speed of 0.2 m/s.  Due to the downward forces 
applied by the cable s, the hub is expected to tilt  initially, with its 
inlets oriented downward.  

4  

Slew the crane boom to position the hub overboard, near the 
ʬǸɾɾǸȺẏɾ ɾʌǸɶɅṣ !ɾ ʌțǸ țʔǩ ȡɾ ɃǍɅǸʔʬǸɶǸɶṞ ǪǍɶǸȒʔȺȺʳ ȓʔȡǱǸ ǍȺȺ ʌțɶǸǸ 
ǪǍǩȺǸɾ ʌțɶɐʔȓț ʌțǸ ʬǸɾɾǸȺẏɾ ǪǍǩȺǸ țǍɅǱȺȡɅȓ ɾʳɾʌǸɃṞ ǸɅɾʔɶȡɅȓ ¶=é 
is not exceeded and MBL is not approached. Maintain continuous 
communication between th e main CLV and the second CLV to 
ensure that the new dynamic cable remains adequately slack and 
free of excess tension.  

5 
Lower the subsea hub into the water column to a standby depth of 
approximately 5 metres below sea level  at a controlled lowering  
speed of 0. 1 m/s.  

6 Deploy a pulling wire from the  tugger winch . 
7 Attach the pulling wire to the subsea hub . 
8 Tension the tugger line to ensure full control of the hub.  
9 Disconnect the crane hook from the hub . 

10 

Begin lowering the subsea hub to the seabed using the tugger 
winch.  Due to cable weight, t he hub is expected to  remain  tilt ed , 
with its inlets oriented downward. The payout of the tugger winch 
is 0.1 m/s  

11 

While lowering, coordinate vessel movement to manage cable 
routing:  

a) The main CLV should travel south at a constant speed of 
0.23 knots.  

b) The second CLV should stay in the same position while 
simultaneously paying out the new dynamic cable at a 
controlled rate of 0.1 m/s.  

12 

As cable slack increases and the hub approaches the seabed, the 
vertical force components exerted by the weights of both the 
export and dynamic cables are progressively reduced . At this stage, 
horizontal  force components  ṽapplied by the pulling wire on one 
end and the dynamic cable on the other ṽbecome predominant.  
These opposing tensions progressively align the hub in a near -
horizontal orientation, facilitating controlled seabed landing . 

13 

In the final stage of the descent, a final controlled pull of the tugger 
line (or slight acceleration of the main CLV) may be necessary to 
align the hub properly on the seabed and prevent cable 
entanglement.  

 

The completion of the new dynamic cable laydown is a straightforward operation: 
it involves deploying the remaining cable length, attaching a pulling head with a 
messenger wire, marking it for ROV identification, and lowering the end to the 
seabed.  

The most complex operations are the subsea hub overboarding and the 
equipment laydown. While the former is challenging due to on -deck operations, 
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cable handling, and synchronization between the two vessels, the latter demands 
rigorous cable monitoring and flawless communication between the vessels. The 
subsea hub overboarding methodology is illustrated in  Figure 3-18, while the whole 
infrastructure  laydown is shown in Figure 3-19. The equipment laydown operation 
was also simulated in OrcaFlex, as it was considered the most complex task of the 
entire replacement procedure  and the driver to establish the weather limit 
conditions . 

 

 
Figure 3-18. Simplified storyboard showing subsea hub overboarding . 
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Figure 3-19. Simplified storyboard showing the l ower ing of  the subsea hub and the cables onto the 

seabed . 

3.2.3.3.5 Final operations  

The final operations, which follow similar steps to the initial site preparation phase but in 

reverse order, involve securing the installation for long -term stability and protection. 

First, the subsea hub is covered using the same rock bags (with additiona l bags if needed) 

or an equivalent seabed protection method. Next, the previously exposed section of the 

export cable is reburied to the specified depth of cover, ensuring compliance with project 

requirements and protecting the system from environmental an d mechanical risks.  
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3.2.4 Orca Flex  analysis of critical operations  
Dynamic analyses of  the most critical steps  of the  ẌRetrieving the offshore cables 
and DMC ẍ (detailed in Section 3.2.3.3.2) ǍɅǱ ʌțǸ ẌNew electrical infrastructure 
installa tion ẍ (detailed in Section 3.2.3.3.4) operations were conducted . Rather than 
conducting simulations for irregular sea -states, a conservative approach was 
taken, where the simulations were performed assuming regular waves based on 
the extreme wave height of each  corresponding sea -state. The maximum wave 
height can be considered as 1.9 times the significant wave height [26] . Therefore, 
the regular design wave approach is adopted for all simulations. The simulations  
used  regular wave (Ὄ ) conditions  with a wave height defined as:  

Ὄ ς Ὄ  

where Ὄ , the significant wave height , varied  between 0. 5 m  and 2. 0 m. The wave 
periods ranged from  4 s to  22 s and were selected based on  the scatter diagram in 
Figure 3-5. Simulations were performed for three incident wave directions : 

¶ 0º corresponding to North;  
¶ 315º corresponding to North w est ; 
¶ 270 º corresponding to W est.  

In addition, for the ẌRetrieving the offshore cables and DMC ẍ a surface current 
speed of 1.0 m/s was applied collinear to the regular waves. For the current vertical 
profile, a power law with an exponent equal to 7 is assumed.  

3.2.4.1 Hoisting the DMC and cable s from the seabed  
The OrcaFlex simulations of hoisting the DMC and its connected cables 
demonstrated that:  

¶ The operation can be safely conducted in sea states up to Ὄ=2.0 m  for waves 
from the west (270°) , which  represents roughly 4 6% of the year ; 

¶ When waves approach from the north -west ( 315º), the safety limit decreases 
to Ὄ  = 1.5 m , which represents roughly 25% of the year;  

¶ When waves approach from the stern ( north Ṿ 0°), the safety  limit decreases 
to  Ὄ  = 1.0 m. In this case, an Hs lower than  1.0 m represents roughly 5% of 
the year , a restrictive limit.  

The analysis  neglects  the first 5. 25 m of both  the export and umbilical cables 
connected to the DMC , as these sections are assumed to  be discarded (see Section 
3.2.3.3.3). 

Figure 3-20 presents  the maximum admissible  Ὄ  across  the three wave directions. 
Complete results  are available  in A ppendix A.2, from  Table A.2-1 to Table  A.2-4. 
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Figure 3-20 . Radar plot of maximum allowable  HS the DMC and cable  hoisting  operation . 

A visual snapshot of the OrcaFlex model during the hoisting phase  is shown  in 
Figure 3-21. 

 
Figure 3-21. OrcaFlex model snapshot: hoisting DMC and cables  from the seabed . Note that the 

vessel is represented in red and the overboarding  chute in blue.  

3.2.4.2 Installation of the subsea hub connector and cable s lay  
In this phase, the subsea hub is lowered while:  

¶ The export cable and existing dynamic cable are laid  on the seabed ; 
¶ A new dynamic cable is simultaneously deployed from a second CLV . 

Simulation results indicate that:  
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¶ The installation method remains within safe load limits for waves from the 
west  (270º)  with Ὄ  = 1.0 m, which represents 5% of the year , indicating a 
limited operational window ; 

¶ This limit drops to  Ὄ  = 0.5 m when waves come both from the north (0º) and 
north -west  (315º), reducing the available window to less than 1%  of the year , 
indicating a highly restricted operational window.  Figure 3-22 shows  the 
maximum Ὄ  limits across  the three wave directions. Detailed  dynamic 
analysis is provided  in Appendix A.2, from Table A.2-5 to Table A.2-7. 

 
Figure 3-22. Radar plot of maximum allowable H S for the lowering  of  the subsea hub into the  

seabed.  

Snapshots of the OrcaFlex  model during this installation step are presented in 
Figure 3-23 and Figure 3-24, the latter offering a westward view of the operation . 

 
Figure 3-23. OrcaFlex model : subsea hub lowering and cable laying . Note that the vessels are 

represented in red and the overboarding  chutes in blue.  
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Figure 3-24 . OrcaFlex model : hub lowering and cable laying  (view  from west ). Note that the vessels 

are represented in red and the overboarding  chutes in blue.  

Despite the conservative operational limits for this procedure, it is important to 
highlight that the equipment modelled in the OrcaFlex simulations is highly 
simplified and does not include any motion -compensated systems. For instance, 
the winch used to c ontrol the deployment of the subsea hub lacks active or passive 
heave compensation, which could otherwise mitigate the effects of vessel motion 
during lowering operations.  

Moreover, to ensure better control of the cables as they are laid onto the seabed  Ṿ 
particularly to prevent slack accumulation or excessive tension  Ṿ support vessels 
may be mobilized to assist with cable handling and touchdown monitoring. 
However, the inclusion of additional assets would increase the overall operational 
expenditure.  
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4  Conclusions  
The present report provides a comprehensive overview of subsea electrical 
connectors, with a focus on subsea electrical hubs that are  suitable for HV power 
applications. Special emphasis is given to  the deployment of subsea electrical hubs 
and their role in enabling the co -location of multiple renewable energy sources 
through shared export infrastructure.  The study  includes detailed analyses of 
technical specifications, cost considerations, logistical requirements, and 
operational strategies.  

A case study centred on the Viana do Castelo offshore test site illustrates the 
potential of these solutions in a real -world context . ÿțǸ ɾȡʌǸẏɾ ǸʲȡɾʌȡɅȓ Ǹʲɳɐɶʌ 
infrastructure is currently underutilised . While the deployment of an offshore 
substation would be the conventional  approach to provide additional  connection 
points and unlock the full capacity of the cable, a n alternative  solution based on 
subsea electrical hubs can be a cost -effective and rapidly deployable  solution to 
overcome the bottlenecks on the offshore transmission system.  The study outlines 
a solution  based on a subsea electrical hub, providing specifications to the system 
and p ropos ing a  sequence of offshore operations to replace the existing dry -mate 
connector  with a subsea electrical hub. Alternative logistical approaches are also 
explored, offering insights into other viable operational  strategies.  

The analysis leads to several key  conclusions . Despite their potential, wet -mate 
systems are still very underdeveloped for HV purposes. In contrast, d ry-mate 
connectors have demonstrated reliability and maturity for HV systems, as proven 
by their successful deployment at the WFA  project at 6 0 kV. Consequently, subsea 
hubs  using dry -mate connectors as inter face , offer the most  mature and reliable  
option  for integrating  new power sources into existing offshore renewable energy 
installations (namely offshore wind)  Although  some industry players are 
demonstrating commitment to advancing these solutions , these technologies 
remain commercially unready for deployment i n large -scale offshore wind 
projects. The voltage and power ratings of certified subsea dry -mate hubs  are still 
below the levels required to support future offshore grid scalability . According to 
developers, this slow progress is not solely the result of technological challenges 
but also stems from a limited market pull  Ṿ an issue likely reinforced by the absence 
of proven and standardised solutions, which continues to hinder broader adoption 
and investor confidence . 

The integration of subsea hubs  can  significantly enhance the flexibility and 
modularity of offshore electrical networks . Nonetheless , their commercial viability 
is closely tied to the TRL of dry -mate connectors. As a result, the deployment of 
subsea hubs at higher voltage classes (>66 kV) remains constrained by current 
limitations in connector certification and maturity . This analysis underscores the 
need for further development and standardization in subsea electrical connector 
technology, particularly at higher voltage and power ratings, to support the future 
scalability and modularity of offshore renewable energy system s. 

The case study at the Viana do Castelo test site  Ṿ supported by procurement -phase 
discussions with manufacturers  Ṿ confirmed the technical feasibility of replacing 
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the in -line DMC with a subsea electrical hub . Such deployment would unlock grid 
access for new technologies within the ZLT ( Zona Livre Tecnológica ). However, the 
associated offshore operations involve specific challenges, particularly concerning 
cable handling, vessel coordination, and precise subsea positioning . 

Method statements were developed for removing the existing DMC  at Viana do 
Castelo and installing a subsea electrical hub. To support operational planning and 
risk assessment, OrcaFlex simulations were carried out to determine the feasibility 
and weather limitations  Ṿ especially maximum significant wave heights  Ṿ of the 
most critical offshore activities , namely the  retrieval and deployment of subsea 
DMC and hub . Results suggest that  the proposed offshore plan is feasible , although  
lifting the DMC while conn ected to  two cables of differing sizes  (and weights)  may 
present greater operational complexity than initially anticipated . These findings 
are essential for future planning and highlight the importance of robust offshore 
procedures  and adequate vessel and equipment selection .  

While the study relied on several assumptions due to limited publicly available 
data, the vessel specifications, equipment requirements, and operational 
procedures provided in this report establish a useful baseline for future 
infrastructure upgrades at the Viana do Castelo site and similar offshore settings.  

Subsea electrical connectors are not only key enablers for the co -location of diverse 
marine energy technologies, but also for the implementation of innovative 
offshore wind grid architectures  Ṿ such as fishbone and star cable topologies  Ṿ that  
can  offer potential cost reductions, enhanced reliability, and increased 
redundancy . To accelerate the commercial readiness of subsea electrical hubs, 
future efforts should prioritise the development and certification of both high -
voltage dry -mate and wet -mate connec tors, particularly those operating beyond 
the 66 kV threshold. This includes targeted research and development to raise 
technology readiness levels, standardisation initiatives to ensure interoperability 
across manufacturers, and pilot -scale demonstrations under realistic offshore 
conditions to validate performance and de -risk deployment.  

In summary, while subsea electrical hubs represent a promising enabling 
technology for offshore renewable energy co -location, their full potential can only 
be realized with advancements in technological maturity, clearer industry 
standards, and comprehensi ve planning to manage operational and economic 
risks . 
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