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A B S T R A C T

The high cost of the power collection system (PCS) remains a notable challenge for constructing floating offshore 
wind farms (FOWFs). This letter introduces a new type of device called the current aggregator in the topology 
design of the PCS for FOWF, aiming to reduce the use of expensive dynamic cables and their additional com
ponents. Firstly, considering the cost components of the current aggregator from multiple perspectives, its life- 
cycle cost model is established. On this basis, the life-cycle cost model for the PCS system integrating the current 
aggregator is built. Then, a general solving scheme is presented. Finally, the proposed PCS design is implemented 
on an irregular 21 FOWF and a regular 6 × 6 FOWF, and its economic feasibility is preliminarily verified, 
achieving cost reduction for irregular and regular FOWFs. The letter may provide a practical new way of 
designing the PCS of FOWFs, which could reduce the high cost.

1. Introduction

GWEC predicts that 9 GW of floating wind turbines will be installed 
by 2034, increasing its contribution from 0.3% to 4% for total in
stallations [1]. However, this development imposes rigorous demands 
on the adaptability of electrical systems, floating offshore wind farms 
(FOWFs) in the deep-sea environment require more electrical equipment 
and longer transmission distances, leading to the complicated design [2,
3].

Floating platforms capable of moving within a certain range, require 
dynamic cables to connect floating wind turbines (FOWTs), which bring 
about difficulties in optimizing the power collection system (PCS) [4]. 
To establish a topology model for the PCS in FOWFs, dynamic cables 
have been modelled by an empirical formula, involving the associated 
procurement, installation, and loss costs [5]. In [6], a three-stage 
structure of dynamic cables was presented, and the differences be
tween using dynamic cables alone and using both dynamic and static 
cables were compared. In [7], a systematic model of the PCS using dy
namic cables was introduced, taking into account its life-cycle cost. 
Furthermore, a topology grouping method was proposed to address the 

constraints of electrical topology in [8]. And a multimodal optimization 
strategy is adopted in [9], which has achieved the maximum cost 
reduction of 15.89%. Based on these models, effective optimizations 
were further performed. However, the cost of FOWFs using dynamic 
cables is still noticeably high, which could be 44.5% higher than that of 
fixed wind farms after optimization [10].

To address the high-cost problem of the PCS in FOWF, this letter 
introduces current aggregator that could be easily integrated into the 
PCS design. The key contributions of this letter are summarized as fol
lows: First, the current aggregator is firstly introduced into the topology 
design and the life-cycle cost of FOWF PCS. Second, the life-cycle cost 
optimization model of FOWF PCS integrating current aggregator is 
constructed, which provides general solving scheme based on two-layer 
optimization framework. Finally, the economic feasibility and cost 
reduction effect are verified through an irregular 21-turbine FOWF and a 
regular 6 × 6 FOWF, which provides a practical engineering-oriented 
new approach for the low-cost PCS design of deep-sea FOWFs. By 
incorporating current aggregator, the dynamic cables and the related 
accessories can be saved, thereby reducing the overall cost effectively.
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2. Topology optimization of FOWF PCS integrating current 
aggregator

2.1. Current aggregator and its cost modelling

The schematic of the proposed FOWF PCS topology design is illus
trated in Fig. 1. Therein, the current aggregator is a new type of sub
marine cable integration device, which connects nearby FOWTs to 
aggregate current and unify the output, thus reducing the excessive 
usage of dynamic cables. The specific parameters of the current aggre
gator need to be designed according to the actual situation of wind farm, 
including the rated voltage, rated current, voltage withstand level and so 
on. The rated voltage of the current aggregator is generally equal to the 
wind turbine outlet voltage. The rated current is the sum of input cable 
current. It is worth noting that the current aggregator acts as the 
equivalent of multiple submarine joints, simply connecting the cables in 
parallel. Therefore, there is no need to equip with a separate protection 
and control scheme, which simplifies the engineering implementation in 
practical FOWFs.

Considering the life-cycle process, the cost of the current aggregators 
CCA can be determined as follows: 

CCA = CCA,EI + CCA,C + CCA,FL + CCA,M + CCA,D (1) 

where CCA,EI, CCA,C, CCA,FL, CCA,M, and CCA,D cover the life-cycle from the 
closed-loop cost accounting, and represent the costs of equipment in
vestment, construction, failure loss, maintenance, and decommissioning 
of current aggregators, respectively. The detailed settings of these items 
are based on the research [7].

Considering the structure and function of the current aggregator, 
CCA,EI can be composed of two parts: the basic cost and the additional 
cost, as shown by: 

CCA,EI = CCA,base + CCA,var (2) 

where CCA,base and CCA,var represent the fixed part and the variable part of 
the investment cost, respectively. Specifically, CCA,base represent expen
ditures for the base current aggregators, CCA,var depends on the number 
of cables linked to current aggregator. Based on the cost principle of 
engineering projects, the variable cost part can be further modelled by 
considering its connections and number: 

CCA,var = ω1 × nsum × Cjoint (3) 

where ω1 represents the flexible coefficient, which can be adjusted to 
dynamically fit the cost of submarine joint and correct the variable cost 
according to the engineering quotation of submarine joints. nsum is the 
number of the joints collecting input and output cables, and the Cjoint 

denotes the cost of a single joint.
Corresponding to the cost composition of each component in [7] and 

the structural similarities of current aggregator, other items for the 
current aggregators are described by: 

CCA,C = kCA,C × CCA,EI (4) 

CCA,FL =
∑q

i=1

∑NY − 1

t=0

e
(1 + r)tλCATMTTR,CAPlost,i (5) 

CCA,M =
∑NY − 1

t=0

1
(1 + r)tkCA,M

(
CCA,EI +CCA,C

)
(6) 

CCA,D =
kCA,D × CC

(1 + r)NY − 1 (7) 

where CCA,C is expressed as the product of coefficient KCA,C and equip
ment investment cost; KCA,C represents the proportionality factor, since 
the cost of installing equipment is normally proportional to the equip
ment price; CCA,FL is obtained by multiplying electricity price e, failure 
rate λCA, MTTR TMTTR,CA, and power loss Plost,i; CCA,M is expressed as the 
product of coefficient KCA,M and the total early-stage cost; CCA,D is 
expressed as the product of coefficient KCA,D and the construction cost; r 
is the discount rate; NY indicates the life-cycle.

2.2. Optimization problem formulation

The PCS structure of FOWF is shown in Fig. 2. Main components of 
PCS are generally composed of four parts: static cable, dynamic cable 
and its additional components such as buoyancy, bend stiffeners and 
connectors, and submarine joints, and current aggregators.

According to the model established in [7], integrating the cost model 
of current aggregator, the life-cycle cost CLC of the FOWF PCS can be 
modelled as: 

CLC = CEI + CC + CLL + CFL + CM + CD + CCA (8) 

where CLC represents the cost of the PCS, while CEI,CC,CLL,CFL,CM,CD 
represent the costs of equipment investment, construction, line loss, 
failure loss, maintenance, and decommissioning of the PCS, respectively. 
And it adds the cost item of the proposed current aggregator CCA as the 
core optimization variable, which inherits the mature and widely 
recognized life-cycle cost framework.

The line loss cost for a single section of cable is calculated by 
multiplying the power loss of the cable by the price of electricity for the 
same period, applying discrete hourly data from actual wind conditions 
and assuming that the voltage at all nodes is fixed at the rated voltage of 
the medium-voltage PCS, and that the cost of the line loss is represented 
by: 

CLL = 8760
∑NY − 1

i=0

∑Ns

s=1

e
(1 + r)t

(
Ldynamic + Lstatic

)
psI2

ij,sRTij (9) 

where e denotes the electricity price and r denotes the discount rate; Ns 
denotes the number of different wind scenarios; ps denotes the proba

Onshore
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Fig. 1. FOWF power collection system with current aggregator.
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bility of the occurrence of the wind scenario in a year; RTij denotes the 
resistance value of the cable per unit length corresponding to the cable 
type Tij; and Iij,s denotes the current between the lower loci i and j in the 
sth wind scenario, and the current is calculated by the following equa
tion: 

Iij,s =

∑
n ∈ WjPn,s
̅̅̅
3

√
cosφUr

(10) 

where Pn,s represents the power generation of the nth floating wind 
turbine in the sth wind scenario, calculated according to Jensen's wake 
model, which takes into account the wake effect of multiple floating 
wind turbines on each other, Wj represents the collection of floating 
wind turbine clusters connected to site j; Ur represents the rated voltage 
of cables in the medium-voltage collector system; cosφ represents the 
power factor; the fault loss cost of a single cable section and its add-ons is 
calculated by multiplying the cable power, fault duration and tariff, and 
the fault loss cost CFL is calculated as: 

CFL =
∑NY − 1

t=0

e
(1+r)t×

(
λcTMTTR,sLstatic,ij+λcTMTTR,dLdynamic+λjointTMTTR,joint

)
Plost,ij

(11) 

where λc is the fault rate of cables; TMTTR,s and TMTTR,d are the fault du
rations of static cables and dynamic cables, respectively; λjoint is the fault 
rate of dynamic and static cable joints in deep-sea wind farms; and 
TMTTR,joint is the fault duration of dynamic and static cable joints; Plost,ij is 
the average power loss due to faults between site i and site j. The 
calculation formula is: 

Plost,ij =

∑NS
s=1

∑
m∈Wj

Pm,s

Ns
(12) 

The maintenance cost CM is proportional to the investment cost and 
increases as the equipment ages, as calculated by the formula: 

CM =
∑NY − 1

t=0

1
(1 + r)tkm(CEl + CC)(1 + 5%)

t (13) 

where km is the maintenance cost coefficient, assumed to be 1%, the 
equipment decommissioning cost can be derived from the decom

missioning cost minus the salvage value of the equipment, the decom
missioning cost is 10% of the construction cost, the salvage value of the 
equipment is mainly determined by the recovery value of the copper in 
the cable, and the salvage value of a single section of the cable, CD,surplus, 
is calculated by the following formula: 

CD,surplus =
(
Lstatic,ij + Ldynamic,ij

)
πr2

Ti,j
Ccuρcu (14) 

And the formula for decommissioning cost CD is shown below: 

CD =
1

(1 + r)NY − 1

(
0.1CC1 −

∑
CD,surplus

)

(15) 

where rTi,j denotes the radius of the copper cable corresponding to the 
cable type Ti,j; Ccu and ρcu denote the unit price and density of the 
recycling equipment, respectively.

Based on the established cost model with current aggregator, the PCS 
optimization of FOWF can be described as a topology optimization 
problem with complex constraints: 

(16)

where n represents the total number of sites, and there are a total of m 
FOWTs and one OS; xCA,k and yCA,k is the coordinates of the k-th current 
aggregator; Tij denotes the cable type that connects site i and j; Ai,jis a 
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Fig. 2. The PCS Structure of floating offshore wind farm.
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binary variable indicating cable connection between sites i and j; Nos,max 

is the maximum number of feeders in the OS; Ii,j represents the actual 
current through the cable; Irated and Umax corresponds to the constraints 
on rated current and voltage fluctuations; ΔUij is the actual voltage drop 
along each cable; lij is cable length between FOWT i and j; Lmax is the 
required length for maximum motion range; and areaMooring is the range 
of mooring system;xmin,xmax,ymin and ymax delineate the boundary extent 
for each wind turbine cluster.

2.3. Optimization process

The multidimensional connections of the optimal cable topology of 
the PCS involve numerous candidate connections, complex constraints, 
and nonlinear non-convex objectives. Meanwhile, the changes of the 
number and location of current aggregators could significantly affect the 
optimal PCS topology, and further shape the topology structure of 
FOWFs. For the problem formulated in Eq. (16), the optimization vari
ables are set as the installation location of current aggregators and to
pology structure. Considering that the design variables encompass both 
continuous and discrete values, which are strongly correlated and 
coupled. It is necessary to decouple the optimization variables to facil
itate the simplified topology solution. Therefore, the two-layer optimi
zation framework proposed in [7] is employed and it has been made 
corresponding updates and changes on this framework. The overall 
optimization framework is shown in Fig. 3.

The two-layer algorithm achieves coupled optimization by itera
tively transmitting sequences and feeding back costs, and the global 
optimal topology is obtained by integrating the results of both layers. 

Specifically, the upper-level searches for the optimal locations of current 
aggregators targeting the one-to-many connection, while the lower-level 
optimizes the cable connections of PCS focusing on the many-to-many 
connection. The main points are summarized as follows: 

1) Initialization Phase: The AA-sweep algorithm is employed among the 
initialization phase. This algorithm groups wind turbines based on 
their angles relative to the OS, ensuring an even distribution of tur
bines within each group. The approach effectively prevents cable 
crossings and generates feasible tree-like topology solutions. Each 
group is assigned a set of current aggregator device, ensuring effi
cient energy collection while avoiding increased costs and cable 
layout complexity due to an excessive number of current aggre
gators. In the expansion step, each WT or current aggregator can only 
be connected to other WTs or current aggregators in its own group, 
with the aim of reducing the number of expansion branches and 
improving search efficiency. In addition, fundamental relevant in
formation is incorporated into the two-layer model, serving as the 
basis for subsequent optimization iterations.

2) Upper-Level Optimization: The PSAO algorithm introduced in [10] is 
employed with the population size and maximum iterations both set 
to 50, which can fully ensure the convergence of the upper-level. It 
initially integrates the narrowing development steps of the AO al
gorithm, focusing on identifying the global optimal region within the 
population to facilitate the search for the optimal solution prelimi
narily. Subsequently, by incorporating the PSO algorithm, the ve
locity equation is introduced for regional exploration, significantly 
accelerating convergence. This allows the optimization of the 
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position of current aggregators to converge quickly, thereby allo
cating more optimization resources for the lower-level optimization.

3) Lower-Level Optimization: An improved Monte Carlo Tree Search 
(IMCTS) algorithm with enhanced precision and stability is used 
with the exploration coefficient c set to 

̅̅̅
2

√
and the maximum 

iteration number set to 2000. IMCTS consists of four steps: selection, 
expansion, simulation, and backpropagation. In the IMCTS process, 
the selection step determines the optimal connection of each WT and 
current aggregator at each step. Then, the complete topology struc
ture is obtained through the expansion and simulation steps. Finally, 
the optimal models and cross-sectional areas of the cables in the 
topology are found, the overall cost of the collection system is 
calculated, and backpropagation is performed.

3. Case study

In this section, validations are carried out on an irregular FOWF with 
21 FOWTs and a regular FOWF with 6 × 6 FOWTs, where the simulation 
parameters are set same as the settings in [7]. Due to the high reliability 
and economy of the radial structure, the PCS in this paper all adopt the 
radial structure. The optimization variables are the locations of the 
current aggregator and the cable topology.

3.1. Irregular wind farm optimization

In this subsection, the PCS for an actual irregular wind farm is 
optimized to verify the feasibility of using current aggregators. Fig. 4
shows the optimization results of the current aggregator system in this 
wind farm. Taking the scheme without current aggregators as the 
benchmark, 4 current aggregators are used in the improved scheme, 
which is arranged in a cogwheel-like shape.

Table 1 compares the dynamic and static cable lengths with 0 current 
aggregator and 4 current aggregators. It can be seen that the usage of 
static cables increases significantly by 218.9% with the application of 
current aggregators, while that of dynamic cables decreases consider
ably by 34.0%. However, the dynamic cable is significantly saved. As a 
result, the overall cost of the PCS using current aggregators is reduced by 
3.78%, reaching 29.336 M€. Therefore, using current aggregators is 
favorable for this irregular FOWF.

3.2. Regular wind farm optimization

In this subsection, an optimization analysis is carried out for the PCS 
of regular wind farm, which aims to visually compare the effect of the 
number of current aggregators and the influence of the algorithm pa
rameters on the optimization results. Two cases are considered: Case 1 
with different number of current aggregators and Case 2 with the 
sensitivity analysis about the variable parameters of the cost model in 
Eq. (3).

3.2.1. Case 1: optimization results under different numbers of current 
aggregators

Fig. 5 shows the optimized PCS topologies using 3 to 8 current 
aggregators, compared with the topology with 0 current aggregator, 
setting CCA,base=100,000, ω1=0.1. These topologies are symmetrically 
distributed, confirming that this new device efficiently fulfills the 
designed purpose.

Firstly, using current aggregators could reduce CLC. Taking 0 current 
aggregators as the benchmark, the CLC of PCS reaches 50.724 M€. Those 
with 4, 5, 6 and 7 current aggregators achieve lower costs, with CLC 
decreased by 0.744, 0.785, 2.836, and 1.338 M€, respectively, except for 
that with 3 and 8 current aggregators.

Secondly, with the increase of current aggregators, CLC, CEI, and CFL 
first decrease and then increase. Lastly, the costs of CEI and CFL constitute 
a significant proportion to CLC. The magnitude of these costs is influ
enced by the choice between dynamic and static cables, as well as the 
use of additional components.

Fig. 6 summarizes the numerical results of various costs, comparing 
with the baseline results without using current aggregators, which 
reveal threefold facts. The integration of current aggregators results in 
varying ranges of cost changes, and the most significant changes are 
observed in CEI and CFL. Both of these costs are related to the selection of 
cables (using dynamic cables alone or a combination of dynamic and 
static cables), as well as the usage of additional components. To explore 
the specific reasons for integrating current aggregators in reducing 
CEIand CFL, Table 2 shows the usage of dynamic and static cables and 
additional components of the PCS with different numbers of current 
aggregators.

Firstly, the introduction of current aggregators significantly results in 
an increased usage of static cables, which in turn reduces the reliance on 
expensive dynamic cables and their associated additional components. 
With the application of 6 current aggregators, the length of dynamic 
cables drops to 27,557 m while the length of static cables rises to 17,377 
m, this optimal cable allocation utilizes the significant cost difference 
between dynamic cables and static cables to cut down the overall cost 
effectively. Secondly, the length of dynamic cable and the usage of 
buoyancy initially lowers and then increases, while the length of static 
cable first increases and then decreases as the number of current 
aggregators increases. The reason is that when the current aggregators 
are many and their locations get closing to the FOWTs, dynamic cable 
can be directly to collect the current aggregators without using static 
cable and cable joints. Thus, the configuration of 6 current aggregators 
realizes this via a moderately dispersed sub-node topology that balances 
dynamic cable costs and aggregator equipment costs, the quantity 
should be carefully optimized to achieve an optimal balance.
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Fig. 4. Optimized PCS topology in irregular wind farm (Solid line represents 
the one with only dynamic cables, while dashed line represents the use of dy
namic and static cables. Blue, orange, yellow, purple, green, and reddish-brown 
lines represent 66 kV cables with cross-sectional areas of 95, 150, 300, 400, 
630, and 800 mm2, respectively. Solid dot, hollow circle, and gear shaped 
marker represent the FOWT, the OS, and the current aggregators, respectively.).

Table 1 
Optimization results with or without current aggregators for the irregular FOWF.

Number of 
current 
aggregators

Buoyancy 
(set)

Submarine 
Joints 
(set)

Static 
cables 
(m)

Dynamic 
cables (m)

Cost 
(M€)

0 41 6 3626 22,985 30.487
4 30 10 11,563 15,170 29.336
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3.2.2. Case 2: sensitivity analysis about the parameters of cost model
Based on the optimized PCS topology of the regular FOWF with 6 × 6 

FOWTs, the introduction of current aggregators ensures stable algorithm 
convergence, leading to negligible differences and minimal errors from 
independent results. Since CEI contributes the most part in the life-cycle 
cost, sensitivity analysis is performed by varying CCA,base and ω1. Spe

cifically, CCA,base ranges from 100,000 to 300,000, with a step of 40,000; 
ω1 ranges from 0.1 to 1.1, with a step of 0.2.

Fig. 7 illustrates the variation curve of CLC, showing CLC is more 
sensitive to ω1 than CCA,base. For this regular FOWF with 6 × 6 FOWTs, 
with the optimal results of the two parameters adopted for comparison. 
It can be seen that introducing 6 current aggregators results in the lowest 

Fig. 5. Optimized PCS topologies in regular wind farm (Solid line represents the one with only dynamic cables, while dashed line represents the use of dynamic and 
static cables. Blue, orange, yellow, purple, green, and reddish-brown lines represent 66 kV cables with cross-sectional areas of 95, 150, 300, 400,630, and 800 mm2, 
respectively. Solid dot, hollow circle, and gear shaped marker represent the FOWT, the OS, and the current aggregators, respectively.).
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cost. The cost advantage of 4–7 aggregators reflects the nonlinear cor
relation of topological interface numbers, where the optimal cost de
pends on the matching degree with FOWF rather than the absolute 
number. When CCA,base is no greater than 260,000, the total cost with 4–7 
current aggregators is less than that without current aggregators. When 
ω1 is <0.5, the solution with 4–7 current aggregators becomes more 
beneficial.

Since ω1 reflects the variable part of the CLC, it means that more 
attention should be paid to explore the influences of the ω1 on the use of 
dynamic and static cables and additional components. Table 3 shows the 
application of dynamic and static cables and additional components of 
the PCS with ω1 varying from 0.1 to 1.1 with 6 current aggregators and 
CCA,base=100,000. Firstly, as the number of current aggregators 

increases, the usage of additional components essentially stays the same. 
The unchanged number of dynamic and static cable branches in the 
topology is the core physical reason for the stable usage of additional 
components. Secondly, when ω1 varies from 0.1 to 0.9, the length of 
static and dynamic cables remains constant, which is about 17,400 m 
and 27,500 m, respectively. This relies on the moderately dispersed sub- 
node topology formed by 6 current aggregators, a core reflection of to
pological structural efficiency Thirdly, when ω1 =1.1, the length of 
static cables reduces to 13,457 m and the length of dynamic cables in
creases to 31,086 m. Those cable length change comes from adaptive 
topological connection adjustment for cost optimization. Since CCA,var is 
proportionate to the quantity of cables connected to the current aggre
gators, the associated CCA becomes too expensive when ω1 is greater 
than 1.0. It leads to the quantity reduction of cables connected to the 
current aggregators, and thus the length of static cables reduces and the 
length of dynamic cables increases.

To explore the reason why the usage of additional components 
essentially stays the same, the optimized PCS topology of the FOWF with 
ω1=1.1 is shown in Fig. 8. The topology of PCS undergoes certain 
modifications when ω1 exceeds 1.0. For instance, 3, 6, 33, and 36 WTs 
are connected directly to other WTs rather than to the current aggre
gators, which aligns with the analysis that less WTs will connect to the 
current aggregators above. Although there are some changes in the to
pology and the lengths of dynamic and static cables, the usage number of 
dynamic and static cables remains the same, which are 28 and 14, 
respectively. It results in no variation in the usage of additional com
ponents. Thus, stable topological convergence ensures consistent 
parameter trends, verifying conclusion robustness without the necessity 
of many tests.

The above results from two typical FOWF cases fully verify the 
effectiveness of the proposed PCS topology, which has direct practical 
engineering implications for real offshore deployment. The design ach
ieves significant cost reduction in both irregular and regular wind farms, 

Fig. 6. Numerical results with different numbers of current aggregators.

Table 2 
Usage of static and dynamic cables additional components with 3 to 8 current 
aggregators.

Number of 
current 
aggregators

Buoyancy 
(set)

Submarine 
Joints 
(set)

Static 
cables (m)

Dynamic 
cables (m)

0 72 8 5440 39,630
3 61 16 9473 34,438
4 60 12 13,592 29,714
5 57 13 14,274 28,762
6 54 14 17,377 27,557
7 51 15 18,127 29,312
8 58 12 10,313 33,141

Fig. 7. Optimized results under different CCA,base and ω1.

Table 3 
Usage of static and dynamic cables additional components with ω1 varying from 
0.1 to 1.1.

ω1 Buoyancy 
(set)

Submarine Joint 
(set)

Static cable 
(m)

Dynamic cable 
(m)

0.1 54 14 17,377 27,557
0.3 54 14 17,400 27,914
0.5 54 14 17,380 27,510
0.7 54 14 17,381 27,533
0.9 54 14 17,380 27,510
1.1 54 14 13,457 31,086
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is compatible with existing offshore wind engineering construction 
processes, and the sensitivity analysis provides a clear reference for 
engineering parameter selection, offering a practical low-cost solution 
for deep-sea FOWF PCS design.

4. Conclusion

A new design for the PCS topology of FOWFs, in which current 
aggregators are introduced and integrated, is proposed in this letter. PCS 
topology and current aggregators configuration are optimized by the 
two-layer optimization framework. By comparing the baseline scheme 
without using current aggregators, the effectiveness and economic 
benefit of the proposed current aggregator have been demonstrated. And 
sensitivity analysis of the cost parameters is performed to investigate 
their impact on the life-cycle cost, main components, and PCS topology 
design. Additionally, the reasons for life-cycle cost reduction have been 
explored by analyzing the impact on the usage data of main components. 
This method realizes current aggregation by equating to parallel sub
marine joints and breaks through the high-cost bottleneck of traditional 
FOWF PCS. It holds significant industrial application value for deep-sea 
FOWFs, providing a quantifiable design scheme for engineering 
practice.

Nevertheless, this research remains only a preliminary exploration 
and much follow-up work is required. To ensure accurate calculation of 
the life-cycle cost model, the cost model of FOWF with current aggre
gators will be further considered by voltage rating and actual service 
life, which also involves installation requirements and environmental 
impact for engineering applications. In the future, the topology design 
with complex constraints is the research focus for improving application 
feasibility, with further consideration of the life-cycle operation and 
maintenance costs.
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Neven Duić: Project administration, Investigation, Formal analysis.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgement

This work is supported under the framework of international coop
eration program managed by National natural science foundation of 
China under Grant 62211540397.

Data availability

The data that has been used is confidential.

References

[1] G.W.E. Council, Global offshore wind report 2025, GWEC (2025).
[2] G.E. Barter, A. Robertson, W. Musial, A systems engineering vision for floating 

offshore wind cost optimization, Renew. Energy Focus. 34 (2020) 1–16.
[3] D. Song, G. Shen, C. Huang, Q. Huang, J. Yang, M. Dong, Y.H. Joo, N. Duić, Review 
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