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Abstract 

In a transformative era for the maritime industry, Østensjø Rederi and Siemens Energy are at the forefront, 

demonstrating a commitment to sustainability and efficiency. Their innovative integration of a DC power 

grid with variable-speed generators on the Edda Freya sets a new standard for fuel efficiency and 

environmental stewardship in DP operations. This presentation will showcase the tangible benefits of this 

advanced solution, emphasizing the effectiveness and potential of such integrative solutions to foster a 

sustainable maritime industry. The Edda Freya, a leading-edge construction vessel, is celebrated for its 

diesel-electric hybrid propulsion system, optimized for diverse operations, including cable laying, offshore 

construction, and inspection, maintenance, and repair tasks. The vessel embodies the pinnacle of maritime 

innovation with extensive deck space, sophisticated crane functionalities, and an array of operational tools. 

Central to our discussion will be the vessel’s implementation of Siemens Energy’s BlueDrive PlusC 

concept. This collaboration between Østensjø Rederi's maritime expertise and Siemens Energy’s 

technological expertise results in unparalleled fuel efficiency and emission reductions. By enabling variable 

rotational speeds of diesel generators and incorporating a state-of-the-art battery system, this approach 

significantly cuts fuel consumption while decreasing NOX, CO2, and methane emissions through selective 

catalytic reduction systems. 

 

Introduction 

 

AC vs. DC power distribution in marine vessels with DP systems 

The use of dynamic positioning (DP) systems increased significantly in the 1960s due to offshore drilling 

moving to deeper water [1]. At that time, AC power distribution systems were state-of-the-art for marine 

and offshore applications, and stayed so for many decades. However, such systems do not excel in DP 

operations with closed tie-bus. The main challenges are reduced efficiency when working at low loads and 

a substantially larger response time of the protection system compared with DC power distribution systems. 

 

During the 2010s decade, there has been a trend towards using DC power distribution in marine vessel 

designs, although AC power distribution systems are still more common. The initial push towards DC 

power distribution was mainly due to the introduction of large-scale battery systems. These battery systems 

are installed on vessels that work primarily in transit through battery power, such as ferries. Large battery 

installations are also an option for vessels working in DP operation, where they are predominantly used as 

spinning reserve power to replace rotating diesel engines. 

 

In order to establish marine DC power distribution systems, significant effort has been invested in creating 

a reliable and efficient system. Initially, the DC breaker was a missing component in DC distribution 

designs. However, over the past decade, Siemens Energy developed the 1st DC breaker for marine 

applications, and now other companies such as ABB also offer these solutions. Marine DC breakers are 

typically solid state, which means they are based on power transistors. Solid-state DC breakers have been 

revolutionary, particularly for DP operations. Operating DP2 or DP3 vessels with AC distribution in safe, 

closed bus operation has traditionally been a significant challenge. However, this challenge has been 

overcome with the introduction of DC distribution power systems and solid-state DC breakers. The solid-

state DC breakers can be used not only in DC bus-ties but also for DC feeders. 

 

One of the major challenges in operating an AC power system in closed bus DP operation is the time it 

takes to open the AC bus tie, which is typically between 100-600 ms. During a short circuit, this delay 

reduces the AC bus voltage to a very low level, often resulting in a total blackout of the vessel. However, 
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with the introduction of DC power systems with static DC bus-tie breakers, the time delay for opening the 

bus-tie is significantly reduced, typically to 20-100 µs. This makes the opening time for the DC bus-tie 

1000-30,000 times faster than for the AC bus-tie. This difference in time completely changes the behavior 

of the power distribution system. With a DC power system, due to the very fast disconnection, there is no 

voltage dip on the DC voltage on the opposite side of the bus from the actual failure point. As a result, the 

healthy side of the bus-tie remains unaffected by the failure on the other DC bus. The IEEE paper, 

“Discrimination in Offshore and Marine DC Distribution Systems, contains more information on failure 

and discrimination in marine DC systems.” [2]. 

 

In Figure 1 and Figure 2, single-line diagrams for marine AC and DC power distribution systems are shown 

respectively, illustrating the primary components of each system. Many of the same building blocks are 

used in both systems. The key difference between them is that the AC main switchboard is removed from 

the DC system, and the rectifiers are placed directly on the generators. These dedicated rectifiers enable 

each of the generators to operate independently in terms of frequency, enabling variable speed operation of 

the engine, which reduces emissions. Depending on the customer’s requirements for the generator design, 

the rectifiers can be either passive or active. In the DC system, the buses are linked via solid-state bus-tie 

DC breakers, which replace the AC bus-tie breaker used in the AC system. A comparison of both systems 

in terms of required equipment from the generator to the propulsion drive motor reveals that the AC system 

typically includes an additional propulsion transformer as compared to the DC system, resulting in higher 

efficiency for the DC system. DC feeders can supply external drives/converter switchboards to remove the 

need for two-series converters. The path from the battery to the propulsion system is also more direct in the 

DC system, with fewer components in series, resulting in greater efficiency than the AC system for battery 

integration. In the future, new technologies such as fuel cells can more easily be integrated into the DC 

system than in the AC system as well.  

 

 
Figure 1 Typical single-line diagram for a vessel AC distribution power system 
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Figure 2 Typical single-line diagram for a vessel DC distribution power system 

The behavior of both systems during short-circuit events can also be compared. In Figure 3, a single-line 

diagram illustrating the direction of the short-circuit current in the case of an inverter failure in a DC system. 

The DC system benefits from large capacitance banks distributed in all inverters, which will contribute to 

the short circuit current, thus giving a different result with much faster disconnection than in a standard AC 

system. The short circuit current contribution comes from the capacitors on the same switchboard and DC 

feeders with external inverter modules. As illustrated in Figure 3, battery short-circuit currents will also be 

present in the case of a directly connected battery. With the total contribution from the mentioned units, the 

short circuit current will be very high, and the fuse at the fault location will blow normally in less than 1 ms 

and disconnect the fault. However, the generator’s short-circuit current contribution will be limited and 

almost nonexistent. The reason is the high inductance and large time constant in the generator itself 

compared to the low inductivity of the DC capacitors and the short opening time of the fuses/protective 

feeder devices. A minimal contribution will also come through the DC bus-tie, but this will be neglectable 

compared to the DC bank short-circuit currents since the solid-state bus-tie breaker interrupts the short-

circuit current very fast. In opposition to AC system discrimination/selectivity design, the DC bus-tie opens 

before the fuse protection in the DC system. This means the system is separated into different electrical 

islands in case of a failure. There should always be enough capacitors on the island with the failure to 

provide the current needed to blow the fuse in the faulted inverter. This ensures that the inverter failure 

does not black out the DC bus but only incurs a short voltage dip before the fault is cleared and the power 

returns. When full power is restored, the bus tie can again be closed. If there are battery banks on both sides 

of the bus-tie, only one running generator is required for the total plant during DP operation; therefore, it is 

possible to quickly close the bus tie without the need to wait to start up an additional generator. 
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Figure 3 Single-line diagram illustrating the direction of the short-circuit current is shown in the case of an inverter 

failure 

 

The speed to isolate a short circuit to its respective island was proven by a live test in 2016, witnessed by 

ABS and the US Coast Guard. In this test, a circuit breaker remotely short-circuited the starboard DC link 

while the vessel operated in DP2 mode with a closed bus. Two generators were connected on the port bus 

and one on the starboard bus. The full system load was approximately 700 kW, and the generators operated 

in variable speed mode. All inverters and main propulsion were connected and loaded. Figure 4 shows the 

setup for the short-circuit test. Figure 5 and Figure 6 show the automation system screens before and after 

the fault. Figure 7 and Figure 8 show measurements during the event. 
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Figure 4 Internal connection for short-circuit test 

 

 
Figure 5 System configuration from Automation system, pre-fault 



Author’s Name Name of the Session Name of the Paper 
 

 

 

MTS DP Conference - Houston October 8-9, 2024 Page 6 
 

 

 

 
Figure 6 System configuration from Automation system, post-fault 

 

The short circuit was applied, and the DC bus tie opened within 20 µs. A total fault disturbance of 10-

20 Vdc was witnessed on the port bus, which has a nominal voltage of 930 Vdc. The inverter section fuses 

cleared the fault within 300 µs at a peak of 50 kA. The starboard bus DC voltage was returned to its nominal 

value 10 ms after the fault was cleared. 

 

As the fault was cleared so fast, the remaining converters for main propulsion, tunnel thrusters, shipnet 

supply, and generators could stay connected, and the ship had all power available during and after the fault. 
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Figure 7 Short-circuit current and voltages on both bus bars, overview 

 

 
Figure 8 Short-circuit current and voltages on both bus bars, higher resolution 
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DC grid cases from Siemens Energy and Østensjø 

This paper mentions three different vessel designs with DC power distribution systems. These vessels were 

designed in collaboration between Siemens Energy and Østensjø Rederi, which is the owner of the vessels. 

All of these vessels are currently in operation. 

 

The first vessel design was the platform supply vessel Edda Ferd (2012-2013). The vessel has four installed 

diesel gensets with a total electrical power of 10.5 MW. The main bus consists of a two-split 930 Vdc bus 

with a redundant thruster supply from both main switchboards. The installed battery power is 2x136 kWh. 

 

The second vessel design is the construction vessel Edda Freya (2015-2016). The vessel has six installed 

diesel gensets, with a total electrical power of 17.1 MW. The main bus consists of a four-split 930 Vdc bus 

with a ring configuration. The installed battery power is 4x136 kWh. 

 

The third vessel design is a series of wind support vessels (2021-2022). The vessels have three installed 

diesel gensets with a total electrical power of 5.04 MW. These vessels have a three-split 930 Vdc main bus 

design connected in a star connection with static DC breakers. The installed battery power is 2x712 kWh. 

These vessels are classed according to DNV battery power notation. 

 

All these vessels spend a significant amount of their operation in DP. The static DC bus-tie breakers enable 

the vessels to operate in closed bus operation, which reduces the required number of rotating diesel gensets 

in DP operation compared to split bus operation. For Edda Freya, the installed power is relatively high 

compared to what is usual for a low-voltage (LV) system. Usually, the maximum installed power for an LV 

AC system is 10-12 MW. Due to the very fast opening time of the solid-state DC bus-tie breakers, short 

circuit contributions across the bus-ties are almost negligible. This means LV distribution can now be used 

for much larger systems than was previously possible with AC distribution systems. These three vessel 

designs show a variety of different vessel types that are well suited to benefit from a DC power grid. 

 

For vessels with high installed power, medium-voltage (MV) power systems are often preferred to keep 

down cable cross section requirements. However, the use of step-up transformers in combination with sine 

filters on LV drive output is a possible solution to avoid long-distance LV cabling for large consumers such 

as propulsion motors. Figure 9 highlights the differences between an LV setup and an MV system with an 

LV supply and step-up transformer. In such solutions, voltages can typically be increased to 6.6-11 kV. 

This will also simplify the motor design for these thruster motors since the motor voltage will be sine wave-

shaped, and common mode voltage will be limited due to galvanic isolation into the step-up transformer. 

The step-up transformers have positive advantages, such as splitting the distribution system in galvanic 

separated parts, which increases the system’s robustness concerning ground fault and electrical noise. 

However, the step-up transformer’s design needs additional considerations compared to a standard drive 

transformer due to variable frequency and the case of any breakaway torque. Nevertheless, the inclusion of 

step-up transformers and filters in an LV system still leads to less equipment when compared to a 

conventional MV AC system, where the drive input transformers are always included for each drive from 

the main MV AC switchboard. 
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Figure 9 Single line representation showing how an LV motor drive system can be updated to a MV supply system 

with sine filter and step-up transformer 

 

Edda Ferd (1st design) and Edda Freya (2nd design) are both designed with moderate-size battery systems. 

This allows them to be used for peak shaving, but it limits the use of these battery systems as a spinning 

reserve. However, this functionality is included in the wind support vessels (3rd design), which operate with 

only a single diesel genset, using the batteries as a spinning reserve. This feature significantly saves on fuel 

consumption and diesel operation hours. For Edda Ferd (1st design) and Edda Freya (2nd design), the 

significant contribution to fuel optimization is the variable-speed diesel gensets. For DP vessels where 

spinning reserve power is required, variable-speed diesel engines enable operation at the most optimum 

speed as a function of the load. A typical SFOC (specific fuel oil consumption) curve for both fixed-speed 

and variable-speed diesel is shown in Figure 10. To enable fast load changes to the power plant when diesel 

gensets work at low speed, the batteries act as fast power reserves (peak shaving). This gives the diesel 

gensets time to accelerate and take over the battery load some seconds later. Therefore, sudden load changes 

can still be allowed when diesel gensets run at low speeds. 
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Figure 10 Typical SFOC for fixed- and variable-speed diesel gensets, based on Siemens Energy BlueDrive PlusC 

concept for DC power distribution 

 

Figure 10 illustrates that high-speed diesel engines can optimize their SFOC when the engine load is below 

80% by operating at variable speed. As an example, assuming a base case in which two generators are 

operating at 20% load each, the curve above indicates that fuel savings of about 25% can be achieved by 

using a closed bus tie, reducing by half the number of running generators and doubling the power for each 

generator while operating in variable speed mode. An additional 5% reduction in SFOC can be achieved 

by using energy storage systems, which allows an optimization of the load profile of the generators and 

fulfills requirements for DP operation. 

 

Case study, experiences, and possibilities Edda Freya design 

The Edda Freya vessel (2nd design) was built in 2016. In Figure 11, a simplified single line for Edda Freya 

is shown. Its installed diesel genset electrical power capacity of 17.1 MW was far above the LV AC installed 

power limit typically seen at that time. This shows that LV DC systems are a possible solution to replace 

some of today’s MV AC vessel designs. 
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Figure 11 Simplified single-line diagram for Edda Freya 

 

The Edda Freya is a DP3 vessel but is not classed for closed bus operation in DP3, only in DP2. However, 

it is possible to achieve DP3 closed bus operation in DC power distribution systems. Vessel class notations 

for higher reliability require live nondestructive testing of power grid failures (e.g. DNV-CBT notation 

which requires 5-yearly renewal tests) makes an LV DC distribution system a better solution than LV AC 

systems for such cases [3]. Built-in features for simulation testing of short-circuit faults in a system (DNV-

CBS notation) can also be achieved with relatively low effort in LV DC systems. Other benefits from LV 

DC power distribution systems include redundancy and the possibility of higher installed power than in LV 

AC systems, which make it viable to design large DP3 vessels using LV DC instead of MV AC in some 

cases. 

 

Conclusion 

 

The evolution of power distribution systems in marine vessels, particularly those equipped with Dynamic 

Positioning (DP) systems, has significantly shifted from traditional AC systems to more advanced DC 

systems. This transition is driven by the need for higher efficiency, reduced greenhouse gas emissions, 

faster response times, and improved reliability, especially in critical operations such as DP. 

 

AC power distribution systems, while historically dominant, face challenges in DP operations due to their 

reduced efficiency at low loads and slower protection system response times. The adoption of DC power 

distribution systems was made possible in recent decades due to technology advancements like cost-

effective large-scale battery systems and competitive static DC breakers, enabling improved performance 

in DP operations by reducing the time delay in isolating faults and thus preventing voltage dips and potential 

blackouts. The development of DC bus-ties by Siemens Energy and other companies has been a game-

changer, enabling the safe and efficient operation of DP2 and DP3 vessels in closed bus configurations. 

The rapid response of DC breakers, typically within 20-100 µs, contrasts sharply with the 100-600 ms 

response time of AC bus-tie breakers, ensuring that the healthy side of the bus remains unaffected during 

faults. 
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Case studies of vessels like the Edda Ferd, Edda Freya, and a series of wind support vessels demonstrate 

the practical benefits of DC power distribution systems. These vessels, designed in collaboration with 

Siemens Energy and Østensjø Rederi, showcase the versatility and efficiency of DC systems in various 

marine applications. Using static DC bustie breakers and variable speed generators leads to significant fuel 

savings and reduced greenhouse gas emissions. 

 

The Edda Freya vessel highlights the potential of LV DC systems to replace MV AC systems in large DP3 

vessels. These systems offer advantages in terms of reduced complexity, increased safety, and high 

efficiency.  
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