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1 Introduction and Background 
The EU-Interreg South Baltic project ELMAR cooperates with project partners from Lithuania, Poland, 
and Mecklenburg-Vorpommern. The content of the project is to support boat and shipbuilding companies 
in the southern Baltic Sea region in adapting to maritime e-mobility. Here, the promotion of maritime e-
mobility applications (e-boats/ships, related products, and services) is to support access to international 
markets. In addition, the development for zero-emission boating and shipping in the southern Baltic Sea 
region as a domestic market is to be promoted. This is because the southern Baltic region has a long 
tradition and a strong ship and boat building sector: 

• large ship and boat building companies (e.g. HanseYachts in Greifswald) 
• numerous small and medium-sized companies specializing in excursion and passenger vessels 

or recreational boats and yachts. (Some of these companies use traditional regional boat 
designs, tailored to the typically shallow waters of the sea bays (e.g., Kurenkahn in Lithuania)) 

• regional research institutes (e.g., the ship and marine engineering research departments and 
faculties of the University of Klaipėda, the Electrotechnical Institute of Warsaw, the University 
of Gdańsk, and the Stralsund University of Applied Sciences)  

 

Some of the ship and boat builders in the southern Baltic Sea region have already started producing 
electric and hybrid-powered ships and boats, e.g., the e-passenger ships "FährBären" of the Berliner 
transport company/ Fjord shipping company Seetouristik, built by the company Formstaal in Stralsund. 
In addition, interest in the tourism sector also increased, e.g., readable at the rental of electric boats on 
the Achterwasser and in the mecklenburg lake district   

However, a further spread of e-mobility for maritime applications is still pending, accompanied by the 
development of charging infrastructures and the improvement of ranges.  Chapter 6 of this study was 
written based on the guidelines for the establishment of public charging points for e-mobility in the state 
of Mecklenburg-Vorpommern from the State Energy and Climate Protection Agency Mecklenburg-
Vorpommern GmbH. The legal framework for the establishment or operation of a public charging station 
was not considered in this study. 

2 Ports in Mecklenburg-Western Pomerania 
ELMAR aims to support the ship and boat building sector in the southern Baltic Sea region. The aim is 
to promote the sale of boats and ships with electric or hybrid drives within and outside the southern 
Baltic Sea region. In addition, market potentials can be expanded and better exploited.  

In order to promote the market development accordingly, basic studies are necessary as a basis. One 
of these studies deals with the e-charging infrastructure on the coasts from Rostock-Warnemünde to 
the Szczecin Lagoon including the backwater Achterwasser and the Greifswald Bodden. For a better 
classification of the ports of call from the seaside, a distinction was made between industrial and 
commercial ports, marinas/sports boat harbors or natural harbors/staging ports as well as emergency 
harbors. Figure 1 presents an overview of the port network of industrial ports in Mecklenburg-
Vorpommern. At present, there are 13 industrial ports in MV. Of these, 10 are located in the region under 
study. 
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Figure 1: Overview of the industrial port network in Mecklenburg-Vorpommern [1] 

Figure 2 shows the spatial division of the coastal region. The coastal area was divided into five regional 
sub-areas. Due to the geographic conditions, the subdivision was made into the islands: Hiddensee, 
Rügen and Usedom as well as the peninsula Fischland Darß-Zingst. The onshore segmentation was 
carried out as a simple coastal strip from Rostock via Stralsund to Ueckermünde.  

 

Figure 2: Classification of the coastal area for the study of e-charging infrastructure. [2] 
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The classification of the region simplified the subsequent research work for the inventory in the 
individual segments of the region of Western Pomerania. Thus, a classification of the port structure 
could be undertaken, as well as the associated infrastructure of the individual areas could be 
recorded. In the next section, the classifications of the ports as well as their infrastructures that were of 
interest for this study are explained in more detail. 

3 Classification of the Port Structure 
The ports were classified according to the criteria and characteristics shown in Table 1. Among other 
things, the focus was on the characteristics of the port's location in relation to the coast, the water depth 
for the maximum draught of the ship and the existing onshore infrastructure. For offshore ports for wind 
farms, the classifications are different. Here, the ports are divided into three major main groups - the 
large component port, service and maintenance ports, and research ports. [3] 

For the recording of the charging infrastructure, the ports were categorized according to further aspects. 
Important aspects were the capacities of the berths, water depths of the harbor basin and the power 
supply at the jetties. Furthermore, the landside infrastructure and the seaward accesses were taken into 
account. For the seaward accesses, the length of the territorial run was used as a criterion. The territorial 
run is the distance that a ship or boat covers to reach the open sea. The entire distance from the mooring 
to reaching the sea is measured. [4]  

This resulted in the following classifications: 

• Industrial ports, seaports, or ferry ports 
• Base ports with conventional charging infrastructure for gasoline or diesel engines 
• Staging ports or ports supplementing the network 

 
Table 1: Overview of the criteria 

Class Name Criteria 
I Industrial Port, 

Seaport, Ferry Port 
• Short sea-side trip 
• Mainly commercial shipping 
• Water depth > 1.80 m in port and driveway 
• Sufficient berths 
• Very good port infrastructure 

II Base Port  • Longer sea-side trip 
• Water depth > 1.80 m in the port and driveway 
• good technical and sanitary facilities 
• Sufficient berths 
• Less commercial shipping, more recreational 

shipping 
III Stage Port • Port that does not fully meet the criteria for I and II 

but has a water depth of> 1.80 m in the port and 
approach.  

IV Network 
complementary Port 

• Port that does not fully meet the criteria of I, II and 
III, as it only has a water depth of <1.80 m in the 
port and in the approach or the approach is 
severely restricted by a low obstacle on the 
seaside 

V Emergency Port • Port that can only be called in an emergency 
• Water depth> 1.80 m in the port and driveway 

 

After categorizing the existing ports, a corresponding inventory was taken in the Western Pomerania 
region, which is explained in more detail in the next section. 

3.1 Current stock of port facilities or marinas 
The inventory was conducted by evaluating publicly available port information, open-source nautical 
charts, and interviews with operators. This resulted in a port analysis that was used as the basis for 



  Seite | 6 

evaluating the existing charging infrastructure. 

On the coast in the study area, 10 harbors, 94 water sports facilities and one emergency harbor were 
registered. They are distributed among the 5 defined categories as follows: 

Table 2: Maritime asset portfolio 

Category Number of ports 

Industrial port, seaport, and ferry port 10 

Base port 16 

Staging port or network complementary port 78 

Emergency port 1 

TOTAL 105 

 

From the inventory analysis, it can be determined that the industrial ports, seaports, and ferry port have 
very good infrastructure in the port. Some base ports also have good to very good infrastructure. These 
conditions significantly simplify a conversion to e-mobility in the ports. In the medium-sized and smaller 
staging ports or marinas, a corresponding infrastructure would still have to be created. An intelligent 
network between the regenerative generators in the port area, an energy storage system and the boat 
owners could be a solution. Another possibility, and a more expensive one, would be for the ports to 
receive a higher grid connection power. Load management is discussed in detail in Section 4.6. After 
the inventory of the port facilities or marinas, the next step was to evaluate the port network and check, 
among other things, for accessibility or accessibility. This is discussed in more detail in the following 
paragraph. 

3.2 Network related evaluation 
Although improvements have been made to the port network in the state of Mecklenburg-Vorpommern 
in recent years, the network still exhibits densification deficits. For the future, it is necessary to make the 
network more closely meshed and thus allow better accessibility or accessibility in the event of short-
term route changes. This refers in particular to the outer coast, which poses great risks due to rapid 
changes in weather conditions and when distances between ports are too great. In addition, many Baltic 
Sea islands or coastal sections in Mecklenburg-Vorpommern, are national parks or other protected 
areas. Special navigation regulations or even navigation bans apply here. In the area of investigation 
there are many national and nature parks, biosphere reserves and other protected areas. In the 
following, some parks and nature reserves are mentioned as examples and shown in Figure 3. 
 
National parks and biosphere reserves: 

• the National Park Vorpommersche Boddenlandschaft,  
• the Jasmund National Park and  
• the Southeast Rügen Biosphere Reserve.  

Nature parks  
• Island Usedom,  
• River Landscape Peene Valley and  
• at the Szczecin Lagoon.  

In order to continue to ensure and improve the protection of these areas, maritime e-mobility would be 
a correct and important step. This is because there would be a reduction in emissions, in the areas of 
air and water pollution, as well as noise pollution.  

Due to the limited navigation possibilities in the national parks and nature reserves, two special 
harbors of the National Park Vorpommersche Boddenlandschaft are presented in more detail in the 
following. On the one hand, the basic port Barhöft and on the other hand the island port Prerow will be 
discussed. 
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Figure 3: Map excerpt of the protected areas of Mecklenburg-Western Pomerania [15] 

 

Figure 4: Regulation 
for driving in the 
National Park 
Vorpommersche 
Boddenlandschaft [7] 
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3.3 The Port of Barhöft 
The port of Barhöft is to serve as an example for the classification as a base port; an overview of the 
port structure is shown in Figure 5. The port also represents an important strategic link in the shipping 
area between Rostock and Rügen since there is no regular possibility of calling at a port in this shipping 
area other than Barhöft. The channel from Barhöft into the Baltic Sea is initially about 6 nm long and 
very narrow, which keelboats should not leave. Because in the National Park Vorpommersche 
Boddenlandschaft sand drifts from the north-east in the channels are possible again and again, so the 
area is a demanding challenge for the skipper. The harbor can be divided into two larger areas. The first 
area is available to commercial shipping, fishermen and rescue cruisers. The second section of the port 
is for recreational boating for sailboats and motorboats. In addition, the port offers a crane (max. load 
6.3t) as well as a slipway and a boat refueling station for diesel and super gasoline. The port basin is 
permissible for boats or ships with a max. draught of 2.5 m. The water depth in the harbor basin is 3 to 
5 m. [5][6]  

 

Figure 5: Overview of the port 
Barhöft [8] 

 

 

3.4 Inselhafen Prerow - New port of refuge 
As already explained in the previous section, the maritime area Fischland Darß-Zingst has no regular 
port of refuge. Since the nearest harbors are many nautical miles away and can only be approached at 
night and in bad weather conditions at great risk, the port of refuge Darßer-Ort is an important port of 
refuge for watercraft and an important berth for sea rescuers in maritime emergencies. The emergency 
port Darßer-Ort was established in 1994 as a state-owned emergency port of the state of Mecklenburg-
Vorpommern.  

However, for many years there has been a conflict of objectives between the operation and use of the 
Darßer-Ort harbor of refuge and the requirements of nature conservation. Therefore, there have been 
many disputes during the execution of the necessary dredging works in the harbor entrance. As a result, 
the emergency harbor Darßer-Ort was and is not usable for longer periods of time due to insufficient 
water depths in the access area. This problem of silting up of the harbor access is shown in Figure 6. 

After receiving the results of a feasibility study from 2014, the state of Mecklenburg-Western Pomerania 
decided that there must be a replacement for the Darßer-Ort harbor of refuge. The challenge for the 
new port was to maintain the functionality of a harbor of refuge and to meet the requirements of the 
National Park Vorpommersche Boddenlandschaft. 
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The state of MV had the following requirements for the 2014 study: 

• enable sea rescue and maritime emergency care in the maritime area with short response times 
(DGzRS) 

• Provide a port of refuge, if necessary, with a limited stage function 
• Establish permanent moorings for local fishermen 
• Dismantling of the emergency harbor "Darßer-Ort" after realization of the replacement harbor in 

order to enable a natural development at Darßer-Ort and thus to meet the protective purpose of 
the national park, the biotope protection and the European nature conservation obligations 

 

 

Figure 6: Emergency Port 
Darßer-Ort. The access is silted 
up and the sea rescuer anchors 
in front of the harbor [13] 

 

3.4.1 Status of the island port Prerow 
With the government decision in 2015 to financially support the construction of the island port Prerow, 
the completion of the Inselhafen for its users was planned by 2020. The construction phase for the island 
port Prerow has not yet begun. [13] 

The following berths are to be realized in the island harbor: 

• A berth for the rescue cruiser of the DGzRS (28m cruiser) incl. berth for the dinghy or a wrecked 
ship 

• A berth for the boat of the DLRG 
• 8 berths for local fishermen (two berths for fishing boats and 6 berths for smaller fishing boats) 
• 33 berths for recreational boats seeking protection and 3 berths for typical local businesses. 
• An emergency berth for a larger vessel up to approx. 30 m in length, which can alternatively be 

used as a berth for pleasure craft seeking shelter 
• The berths are equipped with electricity connections. 

In the design phase of the island port of Prerow, future requirements for higher connection powers are 
to be created. In detail, this means that not only "normal" sockets will be installed at the berths, but also 
connection powers > 22kW will be possible. This would allow short charging times at the berths.  

 

In the following chapter, the charging infrastructure and its implementation at the ports or marinas are 
discussed in detail. 

Emergency 
Port 
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Figure 7: Island port Prerow - 
top view [13] 

 

4 Charging infrastructure for electromobility 
To supply a battery-electric boat with energy (electricity), it is the same basic principle as for any other 
electrical consumer, such as electrical household appliances. In most cases, the existing electrical 
installations are not suitable for charging e-vehicles with high power for long periods of time. 14] In this 
chapter, the existing charging system for e-mobility is described to show that it would currently already 
be possible to implement a corresponding maritime e-infrastructure. For the maritime application, 
corresponding safety precautions would have to be adapted so that failures can be prevented. 

 

4.1 Charging infrastructure for electromobility 
In Europe, the EU Directive 2014/94/EU (Establishment of Alternative Fuels Infrastructure - AFID) 
specifies the technical requirements for wired charging (conductive charging) and was adopted as 
nationally binding by the German Federal Ministry for Economic Affairs and Energy (BMWi) in March 
2016 with the Charging Column Ordinance (LSV).  

In Germany, the alternating current provided for the charging points is currently still transmitted to the 
vehicle by cable. Other variants, such as battery replacement (see FIA Formula-E) or inductive charging, 
are still in the development process. Figure 8 provides an overview of the charging systems. In normal 
charging (AC charging), a charger in the vehicle (rectifier) converts the alternating current into direct 
current by means of a battery management system (BMS), which is also located in the vehicle, and 
charges the high-voltage battery. In the case of fast charging (DC charging), on the other hand, the 
charger with the rectifier is in the charging station. This is where the direct conversion from alternating 
current to direct current takes place. DC current is now transmitted from this charging point to the vehicle 
via cable. The battery management system (BMS) is in the vehicle during fast charging and regulates 
the charging power with which the high-voltage battery is charged. [14] 
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Figure 8: System approaches to charging [14] 

 

 

4.2 Charging method - type of current and charging power 
The technical subdivision into wired normal and fast charging refers mainly to the applied charging 
power and is defined as follows according to the definition of the EU Directive 2014/94/EU "Development 
of Alternative Fuels Infrastructure - AFID" [14]:  

Normal charging up to 22 kW 

with alternating current (AC charging): 
The charging point provides the alternating current (AC) with a connected load dependent on the house mains 
connection location: 

• min. 3.7 kW (with Schuko socket, single-phase with 230 V - 16 A) 
• max. 22 kW (with type 2 plug or coupling, three-phase with 400 V - 32 A) 

The actual usable charging power is determined by the e-vehicle with its integrated AC charger (rectifier) and 
battery management system (BMS). 

 

 

Fast charging > 22 kW 

a) with alternating current (AC charging) 
• up to 43 kW (with type 2 coupling, three-phase with 400 V - 63 A) 

The actual usable charging power is determined by the e-vehicle with its integrated AC charger (rectifier) and 
battery management system (BMS). 

b) with direct current (DC charging) 
The charger (rectifier) in the charging station (or wallbox) provides the direct current on site directly at the 
charging point: 

• 50 kW to 150 kW or higher (with coupler type CCS or CHAdeMO) 
The e-vehicle determines the actual usable charging power with its battery management system (BMS). 
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4.3 Charging modes - charging point and land vehicle 
The types of wired charging are defined in the system standard DIN EN 61851-1 (VDE 0122-1): 2012-
01 as charge modes for land vehicles and differentiated according to four system-typical types [14]. 
These operating modes can be adopted for transition phase similar. 

Charging mode I (with alternating current - AC) MODE 1 

• to household socket (Schuko) or 
• single-phase or three-phase CEE socket with 230 V up to 16 A 

 

º without communication (no data exchange) and without monitoring 
º of the technical components between socket and vehicle 
º secured power supply only by means of an RCD 
º (Residual current device [FI - type A]) 
º Only applicable if expressly approved by the vehicle manufacturer 

• primarily for small boats with a length of 3m and max. 2 
 

 

Charging mode II (with alternating current - AC) MODE 2 

• Alternating current at household socket (Schuko) or 
• single-phase or three-phase CEE socket with 230 V up to 32 A 

 

Special feature: 
The charging cable also contains an integrated control and protective device (IC-
CPD: In-Cable Control and Protective Device). 

º Protection against electric shock in case of insulation faults 
º Data exchange between IC-CPD and vehicle (charge control) 
º Monitoring the protective conductor connection from the socket to the vehicle 
º Temperature monitoring of the socket (energy delivery point) 
º Emergency mode of operation for electric vehicles if expressly permitted by 

the vehicle manufacturer and no charging points of charging mode 3 or 4 are 
available 

• for small to medium motorboats 
 

 

 

Charging mode III (with alternating current - AC) MODE 3 

• Dedicated charging point type 2  

º Permanently installed charging station (or wallbox) with mains connection 
º Plug or coupling type 2 (ACEA) 
º Charging point with plug or with fixed cable and coupler 
º Is based on an infrastructure specially built for electric vehicles 
º Data exchange between charging point and vehicle (charging control) 
º Offers a high level of electrical safety (RCD type B) and protection 
º from overload (fire protection) 

• Normal charge for motorboats 
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Charging mode IV (with direct current - DC) MODE 4 

• Dedicated charging point type CCS o. CHAdeMO  

º Permanently installed charging station (or wallbox) with mains connection 
º Coupling type CCS (ACEA) or CHAdeMO (Japan, Asia) 
º Charging point with attached cable and coupler 
º Is based on an infrastructure specially built for electric vehicles 
º Data exchange between charging point and vehicle (charging control) 
º Provides a high level of electrical safety (high power) and protection against 

overload (fire protection, with cooling if necessary). 

• Fast charging (DC charging) for small ferries and ships) 
 

 

4.4 Charging technology for public charging points 
The following overviews summarize and list the charging technologies for public spaces. 

Wallbox (wall charging station) 
Design as weather-protected wall or column mounting for one or two charging points with the following 
features: 

• mainly for protected areas (e.g. boat sheds) 
• for normal charging (AC charging) up to 22 kW 
• according to the requirements Charging mode 3 (Mode 3) 
• digital data exchange between charging point and vehicle, control options for the charging process 
• Application of monitoring systems (backend) and optional integration into authorization and payment 

systems for authentication as well as billing of charging costs 
• also available as special versions for fast charging up to max. 50 kW for charging mode 4 (Mode 4: DC 

charging) 
• non-discriminatory access (selective loading) 

 

 

 

Charging station 
Free-standing, weatherproof design for one or more charging points (special forms also possible: lantern 
charging pole) with the following features: 

• for outdoor areas with additional requirements for collision and abuse protection 
• for normal charging with alternating current up to 22 kW (AC charging) according to the requirements of 

charging mode 3 (Mode 3) 
• for fast charging with alternating current up to 43 kW and with direct current (DC charging) up to 150 kW 

(also higher) according to the requirements of charging mode 4 (Mode 4) 
• digital data exchange between charging point and vehicle as well as control options for the charging 

process (ISO 15118) 
• Application of monitoring systems (backend) and optional integration into authorization and payment 

systems for authentication as well as billing of charging costs 
• non-discriminatory access (selective loading) 
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4.5 Location types of publicly accessible charging points 
A publicly accessible charging point can be located in the public street space (public location) or on 
private land (semi-public location). The parking space or parking lot belonging to the public charging 
point on private land must always be accessible to an undefined group of persons. [14] This aspect can 
also be applied to the waterway network and the private port operators or marina operators. 

 

Figure 9: Overview of the location types 

 

Location types for publicly accessible charging points: 

• semi-public: on private land with general access 
• public: on public ground with general access 

 

4.6 Load management - optimized grid connection and operation 
Currently, not every grid connection on site can supply the desired charging capacities at the same time, 
and not with the corresponding number of charging points. One approach to a solution would be to use 
a dynamic load control system in conjunction with a stationary battery storage system. This step can 
currently avoid an otherwise expensive grid connection expansion and also helps to reduce additional 
operating costs. [14]  

Advantages of a Dynamic Load Management System: 

• Reduction of cost-intensive peak loads (peak shaving) for the operator 
• Avoidance of oversized mains connections and transformers 
• Time- and load-optimized use of the existing grid connection capacity 
• Provision and use of multiple charging points on site despite limited connected load (simultaneity factor < 

1) 
• Smart Grid - Intelligent networking of on-site charging facilities (combination of generation, storage, and 

consumption) 
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4.7 Renewable power supply at the charging points 
With the change from today's fossil raw materials (coal, oil, and natural gas) to an energy supply with 
renewable energies (solar, wind, biomass, and water energy), the energy turnaround can be understood. 
This can only take place if everyone makes their contribution. In the transport sector, electromobility can 
lead to a positive result for climate and environmental impact. This result can only be achieved if there 
is consistent use by regenerative energies. The electricity for the charging points should already come 
from renewable sources!  

For the supply of the charging points, the charging point operator (CPO) should always select electricity 
supply contracts that supply only 100 percent renewably generated electricity, subject to contract and 
tariff. [14] 

 

4.8 Distribution of roles in the operation of charging infrastructure 
Currently, there are a large number of stakeholders (operators, service providers, as well as interest 
groups) for the operation of a charging station in the public space, which leads to different operator 
scenarios with their own operational and functional structures. In individual cases, several roles or 
functions can also be connected and combined. After an initial consolidation phase, the following main 
groups of stakeholders are currently distinguished: 
 
Notes on possible dual functions: 
Regarding CPO: The CPO can also take on extended tasks of an MSP.  
Regarding MSP: An MSP may additionally operate its own charging facilities as a CPO. [14] 

 

 

Figure 10: Overview of the different roles [14] 
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Figure 11: Distribution of roles in the operation of public charging infrastructure 

4.8.1 Charging point operators (CPO) 
As the technical operator, the charge point operator (CPO) selects a suitable charging facility, sets it up 
and operates it on site. This also results in operator responsibility and liability for the operator, as well 
as duties in the operation of the charging facilities. 

The operator (CPO) must ensure that the electrotechnical system does not pose a risk in the form of an 
electrical or fire accident at any time. Furthermore, the CPO must ensure regular inspections and provide 
written proof of these inspections (§ 14 and § 16 of the new BetrSichV 2015) as well as ensure safe, 
customer-friendly, and trouble-free operation of the charging pole or wallbox. 
 
Appointment of a specialist: 
The operator (CPO) can include a responsible electrician (VEFK) as a specialist responsible for the 
system by means of a written order (order document) for his support and relief (TRBS 1203, DIN VDE 
01000 - Part 10).  

 

4.8.2 Mobility-Service-Provider (MSP/EMP) 
A mobility service provider (MSP) or e-mobility provider (EMP) combines as many charging facilities as 
possible from a wide variety of operators (CPOs) in a charging network and thus enables access for its 
end customers. The MSP provides the authentication media required for this purpose and handles the 
billing of charging costs between its end customers and the CPOs. For this reason, the CPO must 
regularly submit an invoice to the respective MSP of the end customers and provide evidence of the 
generated costs of the end customers. In addition, by joining various roaming platforms of specialized 
roaming service providers (RSP/ERP), the MSP can also make charging networks of other MSPs 
accessible to its end customers and thus make them additionally usable.  
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Further services of the MSP around the E-mobility can be: 

• Operation of charging facilities (function of a CPO), (monitoring, billing, end customer 
management). 

• Mediation of charging concepts and individual charging stations 
• Mediation of charging accessories and e-vehicles 
• Provision of "charging point finder service" for end customers (location visualization and 

monitoring of charging points, route planning) 
 

4.8.3 Roaming-Service-Provider (RSP/ERP) 
Specialized e-roaming system platforms (e.g., InterCharge, Hubject) can be used to make the charging 
networks of a wide variety of CPOs and MSPs accessible to each other and thus to any end customer 
via standardized interfaces. The roaming service provider (RSP) or e-mobility roaming provider (ERP) 
subsequently provides an interface for "clearing" (release, settlement, billing). This makes it possible to 
check (authentication) whether any end customer is currently authorized to draw electricity requested at 
a charging station (release) and to which MSP the end customer belongs, where the charging costs 
must be billed (settlement). The RSP (ERP) thus only regulates the access authorization (authentication) 
as well as the associated "contracting", i.e., it only defines the overarching agreement on access charges 
between the CPO and the MSP. The determination and billing of the actual charging costs for the end 
customer is the responsibility of the associated MSP or CPO of the end customer. [14] 

This overview of the explanation of the e-shore vehicles would now only have to be adapted to the port 
infrastructures with corresponding safety requirements, so that it is made easy for the end user to switch 
to e-mobility. 

 

5 Charging infrastructure at the ports 
Initial research has shown that a charging infrastructure is already in place in the ports and marinas to 
a large extent to meet current on-board power needs. All ports and marinas have electricity and drinking 
water supply on the jetties. Currently, the standard is a 3-pole CEE socket with 230V and 16A in the 
supply columns of the jetty or quay wall (see Figure 8). However, the simultaneity (when several users 
are charging at the same time) and the power is not yet designed for widespread use. In addition, the 
future potential of increasing e-boat users and charging demands poses a new challenge. As mentioned 
above, a dynamic load control system in combination with stationary battery storage could be a 
transitional solution for this. 

 

Figure 12: Neustrelitz 
city port [10] 
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6 System examples 
The manufacturers' range specifications for e-drives provide an initial insight into future requirements. 
Tables 3 and 4 show exemplary overviews from the manufacturers Torqeedo and Kräutler, which have 
focused on electric motors for recreational boating. During the research, Torqeedo emerged as the 
current market leader, as Torqeedo is one of the few manufacturers to offer a complete solution.  

Table 3: Engine examples from Torqeedo [11] 

Company  
Type of E-Motor 

Torqueedo 
Travel 2.0 TS 

Torqueedo 
Cruise 10.0 TS 

Torqueedo 
Deep Blue 25 R 

Power 1,1 kW  
(ca. 3 PS VM) 10 kW 33 kW 

Peak Power 4 PS 12 kW (20 PS) 40 PS 

Voltage 29,6 V 48 V max. 360 V 

Range* 8.3 km @ 5.5 kn  
runtime by 50 min 

26.5 km @ 14 kn 
runtime by 1 hour 

28 km @ 10 kn 
runtime by 1h 36 min 

Max. Speed 10,0 km/h 26,5 km/h 18,5 km/h 

Batteries Lithium-Ion Batteries Lithium-Ion 
2x 48 V @ 5000 Wh Lithium-Polymer 

Capactiy 915 Wh  5275 Wh 40 kWh 

max. allowed 
weight < 1,5 t < 10 t n.a. 

Application area Dinghies and Daysailer Motorboats and 
Sailboats 

Commercial users and water 
protection areas 

* the values @ full speed  

 

Table 4: Engine examples from Kräutler [12] 

Company  
Type of E-Motor  Kräutler ACA 2,0 Kräutler ACR 8,0 Kräutler SDKH-D 25 

Power 2.6 kW  9.7 kW  28 kW  

Peak Power 3.5 PS 13 PS 38 PS 

Voltage 24V-System 48V-System 96V-System with water cooling 

Range n.a. n.a. n.a. 

max. Speed n.a. n.a. n.a. 

Batteries n.a. n.a. n.a. 

Capacity n.a. n.a. n.a. 

max. allowed 
weight < 2 t Motorboat < 3,2 t 

Sailboat < 8,0 t 
Motorboat < 10 t  
Sailboat < 25 t 

Application area Motorboats and 
Sailboats  

Motorboats and 
Sailboats Motorboats and Sailboats 
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7 Fazit 
The infrastructure in the ports is already fundamentally in place, which means that the berths have a 
Mode 1 charging connection. This would now have to be converted or adapted to maritime e-mobility, 
e.g., through intelligent networking of renewable generators, storage facilities and consumers. In 
addition, the port network would have to be made denser to ensure better accessibility in emergencies. 
The following example shows that maritime e-mobility has already begun and is already functioning. 

The distances given in Figure 12 and the drives with the associated batteries given in Table 4/Table 5 
show that it is currently possible to drive along the coast from Rostock to Ueckermünde using electric 
drives. With the basic Torqeedo variant and an energy-saving driving style, a network gap of 19 nm 
(Greifswald-Kröslin) can be managed. Only a reserve of 3 nm range would remain to get to port. This 
reserve is far from sufficient if there are weather changes at sea and the skipper has to head for the 
next port quickly - in the worst case halfway. Here, a doubling of the battery capacity to 2x 3.5 kWh 
would be recommended in order to safely reach the next port. Theoretically, a ¼ of the battery capacity 
remains as a reserve for an unfavorable weather situation, e.g., headwind. 

With the Torqeedo medium variant, only two ports of the outer coastal area can be safely navigated 
according to Table 3, with a reserve of 10 to 13 nm. This makes it possible to change course at short 
notice due to weather changes and reduces the risk on the open sea.  

In addition, the charging times for the batteries should be considered:  

• For a 3.5 kWh battery, the charging time is 14 h @ 10 A; 2 h @ 60 A 
For a 5.3 kWh battery, the charging time is 10 h @ 13 A; 2 h @ 60 A. 
 

Furthermore, a longer stay must be planned for charging the batteries at the jetties, as most marinas 
only have a 16 A charging station system. 

In addition, further analyses are to be carried out with various battery manufacturers in order to better 
verify the results with other products available on the market. In addition, the future charging 
requirements with increasing numbers of electric boats in the marinas are to be determined.  

The first steps in the field of maritime e-mobility have been taken. Now it is time to take the next steps 
and improve what is already in place. A reliable charging infrastructure must be established and major 
gaps in the network closed. 

 
Figure 13: Overview of distances 
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