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Abstract—Since the majority of modern electronic 

devices rectify an AC input to operate via DC power, and 

since many distributed renewable energy sources (DRESs) 

inherently generate DC power, DC microgrids (MGs) are 

an increasingly attracting approach. DC MGs can provide a 

sustainable alternative for offshore facilities such as oil 

and gas rigs, marine shipboards, and aquaculture facilities, 

offering a sustainable and efficient substitute to 

conventional power systems. This is because these 

industries have access to different DRESs, especially ocean 

wave energy, and often utilise DC-powered modern 

electronic devices. When integrating different DRESs into 

a DC MG network for powering offshore industries, a 

robust control system is essential for maintaining system 

stability under all feasible operating conditions. This 

paper reviews the control system design challenges for 

offshore DC MGs, considering variations in generation 

output and in load characteristics. This review summarises 

the current state and technical challenges of control system 

design for offshore DC MGs and provides perspectives on 

how to address these challenges. 
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I. INTRODUCTION 

HE idea of integrating various distributed renewable 

energy sources (DRESs), such as wind, solar, tidal, 

wave, fuel cell, and hydrogen, and energy storage 

systems, such as batteries and supercapacitors, into a 

low- or medium-voltage power system to meet power 

demand is called a microgrid (MG). It is also able to 

operate in either isolated or grid-connected mode [1]. 

Depending on the type of electrical structure, there are 

three primary groups into which MGs can be classified: AC 

MG, DC MG, and hybrid MG. Each type of MG has its 

own merits and is suitable for different applications.  

Despite significant improvements in the performance of 

AC MGs, DC MGs have emerged as a more alternative 

choice for future energy systems owing to their higher 

efficiency potential, natural interface for integrating many 

DRESs, compatibility with modern electronic devices, 

and lack of skin effect, frequency, and reactive power 

flow issues [2, 3]. DC MGs show a potential solution for 

powering offshore industries, providing a reliable, 

efficient, and cleaner alternative to existing traditional 

power systems. These industries, being located far from 

the shore, experience high costs and complexity in 

transmitting power from the mainland [4]. Consequently, 

these industries require their own power generation 

systems to meet their power demands. At present, 

offshore industries predominately depend on fossil fuel-

based power generation, which notably harms the marine 

environment [5].  

DC MGs operate based on multiple power electronic 

converters. A control approach for each converter is 

essential to maintaining the voltage on the DC bus within 

a specified range, depending on the applications. Droop 

control serves as a widely adopted method for controlling 

the DC bus voltage, facilitating power distribution among 

converters and independent of digital communication links 

[6]. However, selecting a proper droop coefficient is a 

challenging task. A low droop coefficient can result in 

poor load sharing among the power converters. 

Conversely, while a large droop coefficient improves load 

sharing, it may lead to a significant voltage deviation. A 

new current sharing control approach is proposed with a 

droop control to obtain accurate load sharing among 

droop-controlled converters [7]. In [8], a voltage and 

current control approach has been presented that 

incorporates droop control, ensuring precise voltage on 
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the DC bus and accurate power sharing among 

converters for offshore DC MGs. An ACM-based 

cascaded control is suggested to control the voltage on 

the DC bus and maintaining system's stability during 

disturbances [9]. Offshore DRESs are highly intermittent 

in nature and often use constant power loads (CPLs) and 

pulse power loads (PPLs), affecting system stability [10]. 

In DC MGs, multiple DC-DC power converters operate in 

series or parallel; their operating frequencies can 

superimpose on the DC bus bar frequency, which could 

have disastrous effects such as power oscillations [11]. 

These oscillations may destroy or weaken the sensitive 

devices and compromise the system's security. A 

damping-based control approach is designed to mitigate 

the power oscillations in DC MGs [12]. Most research 

works in the field of MGs are centred on DC MGs, with 

limited consideration given to their application in 

offshore industries, especially in attention to variable 

offshore power generations and offshore specialised 

loads. 

This paper aims to review recent research on control 

system design in DC MGs, particularly considering 

offshore challenges, and explores future research trends 

to address these challenges. 

II. OFFSHORE DC MICROGRID CONFIGURATION 

An example of a typical structure of a DC MG network, 

considering an offshore platform, is shown in Fig. 1, 

incorporating various DRESs, ESDs, and loads. Solar 

panels are a mostly common and widely used source as a 

form of DRESs in both offshore and onshore platforms 

that convert sunlight into electricity. The solar panel has 

intermittent characteristics, highly depends on weather 

conditions. Many academics have suggested methods to 

track the solar panel's maximum power point in order to 

collect the most amount of energy possible [13]. 

Wind turbines are typically mounted with AC 

generators to produce electricity. However, permanent 

magnet DC generators can be used as wind power 

generators, especially suitable for offshore DC MGs [14]. 

This system is more reliable for offshore settings than 

traditional wind turbines in terms of cost, loss, and 

reliability. Ocean sustainable energy sources, such as 

tidal, ocean thermal energy, and wave are the most 

promising DRESs. Among them, the wave has the highest 

potential to harvest electricity because of its higher power 

density, low variability, greater forecastability, and 

consistency [15]. Floating wave energy converters 

(WECs), especially designed for offshore platforms, 

present the greatest potential for powering offshore 

platforms. However, this source of energy is currently 

less matured as compared to other renewable sources, 

such as solar and wind, indicating further extensive 

research to maximise their operational reliability and 

enhance their efficiency. Ref. [15] presented the 

generation profile of a single WEC at two different 

positions, revealing significant fluctuations in a short 

time, as illustrated in Fig. 2 (a). This fluctuating nature of 

WECs output may pose voltage fluctuations and reduce 

the power quality significantly. Integrating ESDs, such as 

batteries, fuel cells, supercapacitors, and superconducting 

magnetic devices, into WECs may be an effective solution 

to address these challenges in the output of WECs [16]. 

Fig. 2 (b) illustrates that integrating multiple WECs into 

an array can achieve a moderately constant output power 

A larger array with more WECs may deliver better 

smoothing of the output power. However, this method 

could increase its size, cost, and complexity, including 

potential impacts on marine life and navigation. 

Integrating hydrogen technology and ESDs into 

offshore DC MGs introduces a promising solution for 

balancing power generation and demand [17]. It is easy to 

store hydrogen for a long time and facilitate its export for 

application in various sectors, including hydrogen fuel-

powered buses and vessels, aerospace, and industrial 

domains. Batteries are used as a backup generator instead 

of the diesel engine of traditional offshore DC MGs [5]. 

Batteries can respond very fast during disturbances, 

offering a reliable power supply and preventing 

prospective power outages [3].  

Offshore DC MGs are capable of supplying electricity 

to AC and DC loads. Offshore loads have their own 

unique characteristics. For example, these industries use 

different variable frequency drives (VFDs), DC motor 

drives, pulse lasers, radar and navigation systems, 

propulsion motors, water pumps, equipment for aeration, 

 
Fig. 1.  A typical structure of DC MG for offshore industries. 

 
(a) Output of a single WEC 

 
(b) Output of an array of multiple WECs 

Fig. 2.  Power generation profiles of wave energy sources [15] 
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heating, cooling, and feeding systems, modern 

monitoring equipment, and LED lighting [10]. Most of the 

loads behave like CPLSs and PPLs, posing significant 

voltage fluctuations and power quality issues [11].   

III. CONTROL SYSTEM DESIGN FOR OFFSHORE                              

DC MICROGRIDS 

Offshore DC MGs must have an effective control 

system that controls the penetration and management of 

DRESs and ESDs, maintains power quality and stability, 

and improves resiliency of the system against harsh 

marine environments [3]. The control system significantly 

contributes to autonomous operation by optimising 

power distribution and consumption. Additionally, 

multiple power converters connect different DRESs, 

ESDs, and loads in DC MGs, necessitating a control 

system to maintain the voltage at the output terminal of 

each converter. The existing literature related to the 

control system design of DC MGs identifies three 

principal control strategies based on the communication 

requirements among converters: decentralised, 

centralised, and distributed [3]. The decentralised control 

strategy involves local levels, generating control outputs 

according to local voltage or current measurements, as 

shown in Fig. 3 (a). Since there are no communication 

links used, this strategy naturally faces performance 

limitations due to the absence of information exchange 

among different units. Furthermore, these methods 

typically rely on measuring the DC bus voltage, whose 

effectiveness and reliability are heavily affected by the 

accuracy of voltage sensors [18].  

In a centralised control strategy, a single controller is 

centrally designed to collect information from all local 

controllers to achieve control objectives and then sends 

control outputs back to each local controller, as depicts in 

Fig. 3 (b). This strategy offers the excellent foundation for 

implementing advanced control functionalities, as all 

information is gathered and processed in a central control 

unit, providing strong observability and controllability of 

the entire system. However, the main demerit is its 

weakness at a single point of failure [19]. Additionally, 

other drawbacks of this method include low scalability 

and modularity, expensive, and inadequate fault 

tolerance ability [20]. 

The distributed control strategy merges the positive 

features of both centralised and decentralised control 

strategies, using a communication network that facilitates 

information exchange among local controllers to make 

decisions, as shown in Fig. 3 (b). The fundamental benefit 

of this strategy is that it can continue operation even if 

some communication links fail [21]. However, the main 

limitation of this method is the complexity concerned in 

analytical performance analysis [20]. Each control 

strategy has its own merits and demerits, as summarised 

in Table I. These control strategies can be adopted in the 

design of control systems for DC MGs in offshore 

industries according to the complexity of the structure, 

size, operational flexibility, and specific features of 

generation and load profiles [19]. 

Decentralised, centralised, and distributed control 

strategies can be designed in a hierarchical manner to 

increase the system's performance and reliability [19], as 

shown in Fig. 4. A hierarchical configuration for control 

strategies featuring three levels: primary, secondary, and  

                       
(a) Decentralised control                          (b) Centralised control                                    (c) Distributed control 

 

Fig. 3.  Control strategies of DC MGs 

 

 

TABLE I 

SUMMARY OF DECENTRALISED, CENTRALISED, AND DISTRIBUTED 

CONTROL STRATEGY [18-21] 

Features Decentralised Centralised Distributed 

Communication 

network 

No Yes Yes 

Control decision local global  local 

Communication 

complexity 

Not required Low High 

Design 

complexity 

Simple Complex Simple 

Computational 

cost 

Low High Medium 

Scalability High  Low High 

Functional 

reliability 

High Low Medium 

Flexibility Very High Low High 

Implementation 

difficulty 

Easy Difficult Easy 

Cost 

effectiveness 

Economic Costly Cost 

effective 
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tertiary, is designed not only to effectively accomplish the 

control goals, such as voltage restoration and power 

allocation, but also to optimise power generation, load 

demands, and energy management [10]. The primary 

control level is designed to monitor the local units, 

maintain voltage, and current levels, and balance power 

among converters. The secondary control level acts as an 

intermediary between the primary level and tertiary 

level, addressing voltage or current deviations introduced 

by the primary controller, improving power sharing 

accuracy, and coordinating among different units. The 

main objective of designing the tertiary control level is 

overall monitoring, such as load and generation 

forecasting, decision-making, cost analysis, and load 

shedding based on priorities, optimising overall system 

performance. 

AC MGs are currently leading the electricity market, 

while DC MGs represent a new research area. Initially, a 

detailed analysis is needed to identify whether control 

systems designed for conventional DC MGs are adaptable 

to offshore environments, which have distinctive 

generation and load characteristics. Thus, designing 

control systems, particularly for offshore DC MGs, 

presents an urgent and significant challenge. To date, 

only a limited number of studies has been presented, 

considering the specific requirements of offshore DC 

MGs. 

A PI-based distributed control [22] and a decentralised 

grid-forming control [23] for frequency and voltage 

regulation have been suggested for a wind farm located 

in offshore environment, connecting it to the mainland 

utility grid through a diode-based high voltage DC 

network. A decentralised droop control approach for 

voltage regulation is designed to control the output 

voltage of a wind firm for powering the offshore oil 

industry [24]. Moreover, an adaptive droop-based voltage 

control method is introduced to regulate the output 

voltage of converters in an offshore wind farm, 

complemented by a model predictive-based secondary 

controller designed to minimise voltage fluctuations [25]. 

An adaptive inertia-transferring control approach has 

been developed using bidirectional virtual inertia for 

offshore oil rigs in [26]. A PI-based pitch-angle control 

system has been developed to analyse the system's 

stability of a tidal power generator [27]. An ocean 

renewable energy-based offshore MG is modelled, and 

stability is analysed by designing a PID-based 

decentralised damping control approach [28]. 

For efficient coordination of power generation and 

demand in a seawater desalination unit, a distributed 

fuzzy logic-based energy dispatch approach has been 

proposed in [29]. An advanced distributed control 

approach based on droop characteristics has been 

suggested for a hybrid offshore MG to regulate the 

frequency and voltage, ensuring that the suggested 

controller shares accurate power among DGs connected 

in parallel [30]. A PI-based control approach to regulate  

the voltage at the output terminal of each converter in a 

hybrid offshore MG has been proposed in [31], 

integrating wave and wind energy sources, and then 

power is transferred to the mainland distribution 

network.   

Until this, as discussed in the mentioned articles, 

storage systems remained unconsidered, leading to the 

continued use of conventional engines, continuing 

environmental emissions. Moreover, these articles appear 

to be of limited concern for DC MGs, despite their 

substantial benefits over conventional AC MGs. A few 

studies have proposed DC and hybrid MGs for offshore 

settings. A gas-based power station with batteries and 

hydrogen technology has been suggested in [32]. A 

distributed control strategy based on PI controllers [33] 

and a two-layer control [34] have been designed to 

regulate the DC bus voltage designed for offshore 

applications. A hybrid MG for offshore platforms has 

been presented in [35], where a novel optimal fractional 

order fuzzy PD+I-based control approach is proposed to 

control the load frequency in a shipboard power system. 

The summary of different control strategies used in 

offshore MGs is presented in Table II, including MG 

configurations, control levels, applications, and types of 

MG. Considering the control strategies, a decentralised 

method is appropriate for large-scale DC MGs for 

offshore platforms at the primary level. A centralised 

method is employed to design secondary level for small-

scale compact DC MGs in offshore environments. If the 

offshore DC MGs are connected with multiple DGs, a 

distributed control strategy is most appropriate at the 

primary level. Lastly, a tertiary level can be considered 

for offshore DC MGs, including energy management 

systems, load forecasting, and generation forecasting. 

IV. TECHNICAL CHALLENGES OF OFFSHORE                                 

DC MICROGRIDS AND POSSIBLE SOLUTIONS 

This section discusses the technical challenges 

concerned in designing control systems for offshore DC 

MGs and suggests prospective solutions to address these 

challenges towards sustainable and efficient DC MG 

networks for offshore platforms. 

 
Fig. 4.  Hierarchical control approach in offshore DC MGs. 
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A. Variations in output of power generation 

Offshore DC MGs experience fluctuations in the 

generation output because they are highly dependent on 

weather conditions. For example, clouds can cover the 

solar panels, wind speed can impact the output power 

generation of the wind turbines, and wave height can 

affect the power generation of wave energy converters. 

These variations in power generation can cause the 

system to become unstable. Employing sophisticated 

forecasting algorithms, such as machine learning, 

reinforcement learning, convolutional neural networks 

(CNNs), and neuro-fuzzy logic, can be the best option to 

predict energy more accurately. Moreover, integrating 

ESDs can address these challenges, providing fast 

responses during sudden changes in power generation.  

B. Load profiles 

Maintaining the stability of offshore DC MGs with a 

wide range of load profiles poses a significant challenge. 

Designing advanced, intelligent, and efficient load 

management systems based on load priorities can help 

mitigate these issues. Furthermore, these load 

management algorithms also ensure a balance between 

power generation and load demands.  

C. Voltage fluctuations and stability 

The DC bus voltage may fluctuate because of the 

intermittent characteristics of DRESs and variable load 

demands. Offshore MGs are not connected to the main 

grid, posing voltage instability issues because of lower 

inertia. This can cause sensitive equipment failures or 

malfunctions, which is very expensive and dangerous, 

especially in offshore settings. Designing a robust voltage 

control system can help to regulate the DC bus voltage 

within acceptable ranges, ensuring system's stability.  

D. Energy storage management 

Integrating various ESDs makes the system more 

complex. To optimise the lifespan of these devices, 

charging and discharging cycles are carefully maintained. 

To address these challenges, advanced and intelligent 

energy management systems (EMSs) would be the best 

solution to maximise the performance of ESDs. These 

EMSs can predict power generations and load demands, 

managing storage units accordingly to prevent 

overcharging or over-discharging.    

E. Power quality:  

Offshore industries often use highly sensitive loads 

that require high-quality power to operate efficiently. 

Otherwise, power quality issues, such as current and 

voltage harmonics, can increase losses and negatively 

impact the lifespan and operating conditions of electrical 

components. Offshore DC MGs are highly dependent on 

high switching power converters, variable generations, 

and unique load profiles that can influence power 

quality. Thus, careful consideration is essential when 

designing control systems for offshore DC MGs to 

maintain power quality standards.  

V. CONCLUSION 

This review highlights current research into the design 

of control systems for offshore DC MGs. Three control 

coordination strategies are analysed: decentralised, 

centralised, and distributed. Each strategy has its own 

advantages and disadvantages; however, a review of the 

literature reveals that the distributed strategy is typically 

the most appropriate approach for offshore DC MGs that 

consists of multiple generation sources and storage. The 

main technical challenges have been assessed, including 

effectively managing generation and load variations, 

handling voltage variations and ensuring stability, energy 

storage management, and power quality. Addressing 

these technical challenges is critical for enabling efficient 

and reliable offshore DC MGs. Advanced and robust 

control systems are needed to adapt to dynamic offshore 

environments. Prospective research must focus on 

overcoming these challenges to fully leverage renewable 

energy-based DC MGs, enhancing sustainability and 

energy security for offshore industries.   

TABLE II 

SUMMARY OF CONTROL SYSTEMS FOR OFFSHORE PLATFORMS 

Control strategies Configurations Control levels Applications MG types Reference 

Decentralised 

Standalone DG 

Primary, secondary  Grid connected AC [23] 

Primary Offshore AC [24] 

Primary Offshore AC [26] 

Primary Grid connected AC [27] 

Multiple DGs Primary Grid connected AC [28] 

Standalone DG with storage systems Primary, tertiary Offshore DC [32] 

Multiple DGs with storage systems Primary, tertiary Offshore  DC [34] 

Centralised Standalone DG Primary, Secondary Grid connected AC [25] 

Distributed 

Standalone DG Primary Grid connected AC [22] 

Multiple DGs  

Tertiary Offshore Hybrid [29] 

Primary Offshore Hybrid [30] 

Primary Grid connected Hybrid [31] 

Multiple DGs with storage systems Primary Offshore  DC [33] 

Primary Offshore Hybrid [35] 
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