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1. Introduction 

The four small islands of Ven, Visingso, Vinon, and Holmon are all located in Sweden, near the shore. 
These islands show many similarities, starting from their need for connection with the mainland on a 
daily basis and with frequent trips, up to 30 per day. Additionally, all islands have limited surface and 
modest energy needs, a permanent population limited to a few hundred people, with an increase of up 
to 300% during the tourist season, and renewable energy generators consisting mostly of photovoltaic 
domestic installations.       
 

 
Figure 1: The four small islands in Sweden 

 
This report explores the opportunity for greening the maritime transport of the islands. In the analysis, 
the following aspects are taken into consideration: the energy needs of the current service; the available 
low-emission technologies for ships and renewable energy systems; the context of the islands; and the 
mainland ports with respect to energy infrastructure.  
 
Starting from the similarities of the four small islands, the goal of this study is to provide common 
guidelines for the decarbonization of the “Highway of the Seas” that connects the islands with the 
mainland, and to propose solutions tailored to the specificities of each island. 
 
Three of the four islands considered in this study - Ven, Visingsö and Vinön - have already taken some 
actions to improve their sustainability, starting from mapping their energy consumption, describing how 
the energy is produced and supplied, and planning for alternative solutions. During this process, the 
islands' technical population was also calculated; this is a concept that defines how many person days 
affect the island's land, sea, air, roads, water pipes, sewerage systems, electricity networks, health care, 
broadband, mail delivery, rescue services, transport systems and more. The calculations showed that the 
islands are well over the average power consumption of Sweden. The high numbers were shown to 
mainly derive from the transport sector because of the maritime travel to and from the islands. 
https://nordregioprojects.org/blog/2019/12/04/ven-visingso-and-vinon-islands-on-the-way-to-cleaner-
future-sweden/ From these results, the need to address the potential for decreasing the energy 
consumption and environmental impact of maritime transport for the islands. 
 
 

https://nordregioprojects.org/blog/2019/12/04/ven-visingso-and-vinon-islands-on-the-way-to-cleaner-future-sweden/
https://nordregioprojects.org/blog/2019/12/04/ven-visingso-and-vinon-islands-on-the-way-to-cleaner-future-sweden/


After describing the islands’ context, this study starts from a baseline assessment of the current energy 
consumption of their maritime transport, highlighting potential inefficiencies in the current management 
of the services. Therefore, the study suggests potential solutions to replace the ferry service with reduced 
or zero-emission vessels, and/or with fuels coming from renewable energy sources. For this purpose, the 
study also assesses the availability of renewable energy sources that can be made available to the port 
energy infrastructure to supply the service and/or to produce the fuels required by the ferry service. 

2. Context of the islands  

2.1 Ven 

Geography and population 

Ven is a small island located in the Öresund Strait, positioned approximately two nautical miles from 
mainland Sweden and four nautical miles from Denmark. The island has a total area of 7.5 km² and 
occupies a strategically central location within a highly trafficked maritime corridor. 

 
 
 
 
 
 
 
 
 
 

The island has a registered population of approximately 370 residents. In addition, around 160 
individuals—though registered elsewhere—reside permanently on Ven. The population is further 
supplemented by approximately 30 part-time residents and 60 seasonal (summer) residents. Ven 
currently has a population density of approximately 50 inhabitants per km², with an average age of 53 
years. Local development objectives aim to increase population density to 65 inhabitants per km² and 
reduce the average age to between 40 and 45 years, indicating a strategic focus on demographic 
renewal and long-term sustainability. 

Historically, Ven was part of Denmark until 1660, when it was ceded to Sweden in exchange for 
Bornholm. The island later functioned as an independent municipality before being incorporated into the 
City of Landskrona in 1959. 

Today, Ven’s population represents less than 1% of Landskrona’s total population and approximately 
3% of its land area. This asymmetry contributes to a perceived disconnect between the island and the 
mainland municipality. 

A key issue for local stakeholders is determining whether Ven represents a net financial contribution or 
cost to Landskrona. This assessment is critical not only for fiscal transparency but also for informing 
development strategies, strengthening local identity, and supporting efforts to attract new residents. 

Infrastructure and economy 

Figure 2: view of the Island of Ven, its location on the west side of the Swedish coast (Landskrona) 



Despite its limited size, Ven is equipped with a comprehensive range of infrastructure and essential 
services, including: 

• Emergency services (ambulance and 24/7 nursing care)  
• Fire protection systems  
• Library facilities  
• High-speed broadband (fibre network)  
• Grocery retail with a focus on local and organic products  
• Educational facilities (preschool and primary school up to grade five)  
• Fitness and recreational facilities  
• Home care and social services  
• Postal and checkout services  
• Public transport (ferry connections, as well as local bus and taxi services)  
• Fuel station  
• Municipal water and sewage systems  
• Waste management infrastructure, including recycling and landfill  

This level of service provision supports year-round habitation and contributes to the island’s 
attractiveness for both residents and visitors. 

Ven hosts more than 70 registered businesses. Approximately one-third operate within the tourism and 
service sector, reflecting the importance of visitor-based economic activity. Ven attracts approximately 
130,000 visitors annually. The majority are day-trippers, particularly during the summer season, when 
cycling tourism is a dominant activity. A smaller proportion of visitors stay overnight, contributing to the 
local hospitality sector.  

The remaining businesses are diversified, with a notable presence in small-scale food production. These 
include operations such as distillery, dairy, mill, oil press, bakery, pasta production, and producers of jams 
and marmalades. This indicates a degree of local value creation and specialisation in artisanal and 
agricultural products. 

Transport connectivity and Ferry operations 

The waters surrounding Ven are characterised by heavy maritime traffic, with approximately 75,000 
vessel movements annually (equivalent to roughly 200 per day). This underscores the island’s location 
within a major international shipping route and may have implications for safety, environmental 
considerations, and economic opportunities (source: The Habitability Handbook). 

Ferry transport between Landskrona and Ven is operated year-round by Rederi AB Ventrafiken, a 
company owned by the City of Landskrona. Service frequency varies seasonally: 

• Low season: approximately 18 daily departures  

• Peak summer season: up to 36 daily departures  

The crossing time is approximately 30 minutes. 

Annual transport volumes include 318,000 passengers, 32,000 motor vehicles, and 13,600 bicycles 
(based on 2014 data). 



The primary vessel in operation is the M/S Uraniborg, a modern double-ended ferry measuring 50 meters 
in length and 12 meters in width, with a gross tonnage of 1,155 tons. Its capacity includes 394 
passengers, 14 vehicles, and a significant number of bicycles. The vessel is powered by two Caterpillar 
engines (one at each end), delivering a combined output of 1,900 horsepower and a service speed of 
approximately 10 knots. 

An older vessel, M/S Stjärneborg, has experienced persistently high operating costs since 1994 and has 
been subject to repeated technical issues. Other vessels in the fleet have already been sold or are in the 
process of being phased out. 

The combined annual fuel consumption of the ferry operations is approximately 512,019 litres of marine 
diesel (MK3), corresponding to roughly 5,110.8 MWh per year (2009 data). This highlights both the 
operational scale of the service and its energy footprint. 

2.2 Visingso 

Geography and population 

Visingsö is an island located in the southern part of Lake Vättern, approximately 30 km north of the city 
of Jönköping and 6 km west of Gränna. The island measures about 14 km in length and 3 km in width, 
with a total area of 25 km². 

 
Figure 3: Island of Visingso, the port in the mainland is Granna, on the east side of the island 

Visingsö is part of Jönköping Municipality within Jönköping County. The region is governed by the regional 
authority responsible for: 

• Healthcare  
• Public transport  
• Cultural services  
• Regional development, including infrastructure, business, labour market, and education  

Visingsö has a maritime-influenced climate due to its central position within Lake Vättern. The lake’s 
significant depth plays a moderating role in seasonal temperature variations: 

• Winter: The lake rarely freezes, as the surrounding land cools more rapidly than the water. 
Temperatures below −10 °C are relatively uncommon due to the moderating effect of open 
water.  



• Summer: The lake remains relatively cool, though the island benefits from warmer air masses 
from the surrounding land, as Vättern is relatively narrow.  

Overall, the climate is characterised by reduced temperature extremes compared to the mainland. 

Visingsö has approximately 685 residents. Of the island’s 615 housing units, around 320 are 
permanently occupied, and approximately 300 are second homes or vacation properties. Many of the 
vacation homes are used regularly on weekends, particularly between April and September, contributing 
to seasonal population fluctuations. 

Infrastructure and economy 

The island has a network of roads connecting its communities, supported by local bus services. Additional 
transport infrastructure includes a ferry connection linking Visingsö to the mainland port of Gränna and 
a small airfield located at the northern end of the island, with two grass runways. 

Solar photovoltaic (PV) systems are installed in an unspecified number of private homes and several 
municipal facilities. Historically, Visingsö had four wind turbines capable of producing approximately 25% 
of the island’s energy demand (excluding ferry operations). Currently, only one turbine remains in 
operation, reducing local renewable generation capacity. 

There is a single commercial fuel supplier on the island providing petrol and diesel. 

The island economy reflects a combination of public services and traditional land-based industries. 

Reliable greenhouse gas emissions data for the island are not available, and current energy figures are 
largely based on estimates. However, it is reasonable to assume that ferry operations—due to diesel 
consumption—represent a larger source of emissions than household electricity use. 

Transport connectivity and Ferry operations 

Vehicle traffic to and from the island can be approximated based on ferry transport data: 

• Over 80,000 vehicle movements annually (round-trip, 2023)  
• Approximately 2,500 larger vehicles (6–14 meters in length)  
• More than 1,500 buses annually  

These figures highlight the importance of ferry transport in supporting both residents and economic 
activity. 

Since spring 2014, ferry services have been operated using the M/S Braheborg, the largest vessel to 
operate on Lake Vättern. Key specifications include: 

• Length overall (LOA): 58 meters  
• Gross tonnage: 1,500 tons  
• Maximum speed: 13 knots  
• Capacity:  

o 397 passengers (264 seated)  
o 34 vehicles  



Despite the vessel’s capacity, utilization rates remain relatively low: 

• Passenger capacity utilization: approximately 10%  
• Vehicle capacity utilization: approximately 40%  

This indicates potential inefficiencies in current ferry operations and suggests opportunities for 
optimization in service planning or vessel deployment. 

2.3 Vinon 

Geography and population 

Vinön is the largest island in Lake Hjälmaren and forms part of an east–west chain of islands and 
submerged ridges that separate the southern basin of the lake from its northern section. The island has 
a land area of approximately 5.21 km², measures about 2.9 km in width (west–east), and has a 
circumference of roughly 10 km. 

Figure 4 : Island of Vinon in Örebro municipality 
 

 
Figure 5 View of the island of Vinon 

As of 2012, Vinön had 119 permanent residents (approximately evenly split between men and women). 
The population includes 34 children and young people under 18, and 6 individuals aged 19–29. In 
addition to the permanent population, Vinön has a substantial seasonal and part-time population: 
approximately 400 part-time residents (typically present for around 90 days per year) and around 100 
weekend residents. 



There are approximately 189 residential buildings on the island, many of which are used as second 
homes. 

When accounting for seasonal usage, the effective annual population load on infrastructure can be 
estimated as follows: 

• Permanent residents: 100 persons × 365 days = 36,500 person-days  
• Part-time residents: 400 persons × 90 days = 36,000 person-days  
• Weekend residents: 100 persons × 50 days = 5,000 person-days  

This demonstrates that seasonal residents exert a level of demand on infrastructure comparable to that 
of the permanent population. 

Infrastructure and economy 

Vinön is accessible via ferry from Hampetorp on the southern shore of Lake Hjälmaren. The crossing 
distance is approximately 5 km and takes about 25 minutes. 

Although geographically close to the mainland, the island is often perceived as remote due to travel time 
rather than distance—a key factor influencing accessibility and development. 

There is a main road running from the ferry landing in the south to the northern part of the island, 
connecting key locations such as Stensörsviken, which features a public bathing area. The island is well-
suited for walking and cycling, with established trails along the western shoreline. 

Public and commercial services are limited: 

• No grocery store (last closed in 2012)  
• No active fuel station (previously operational, now closed)  
• No school on the island (closed in 1996)  

Children commute to mainland schools (Hampetorp, Odensbacken, and Örebro), with approximately 20 
students travelling regularly. 

Municipal services are minimal due to the absence of local public-sector workplaces. Some services (e.g., 
hairdressing, wellness services) are provided intermittently. Postal services are maintained via rural 
delivery. 

The island economy is based on a combination of: 

• Agriculture  
• Fishing  
• Tourism  
• Commuting to mainland employment  
• Maritime professions  

There are approximately 20 family farms on Vinön. Agricultural production includes cucumbers, potatoes, 
strawberries, grain, dairy, and livestock (including sheep and beef production). Many households combine 
farming with other income sources, such as fishing. Around half of the lake’s 20–25 professional 



fishermen are based on Vinön, suggesting that a substantial share of these catches is attributable to the 
island. 

Tourism has grown in recent years, with services including: 

• Café and inn (seasonal operation)  
• Cottage rentals  
• Caravan and motorhome facilities  
• Bicycle rentals  
• Guest jetty at Norra Badet  
• Recreational amenities (beach, barbecue areas, walking trails)  
• Local craft and produce sales  

Vinön was first connected to the electricity grid in 1952 via a 10 kV submarine cable. This was upgraded 
in 1994 to a 20 kV connection. The cable is approximately 3,200 meters long and connects the island to 
Biskopvrak in Stora Mellösa. 

Transport connectivity and Ferry operations 

Ferry services are a critical component of the island’s energy system. Two ferries are currently in 
operation: 

• M/S Sedna:  
o 1,730 operating hours/year  
o Fuel consumption: 70,065 litres  

• M/S Vinösund:  
o 600 operating hours/year  
o Fuel consumption: 24,000 litres  

Ferry traffic represents a major share of total energy use and emissions and is considered part of the 
island’s energy system because it exists primarily to serve the island and fuel consumption and emissions 
occur within the island’s local environment. 

Total ferry fuel consumption: 

• 94,065 litres of marine diesel (MDO) annually  
• Equivalent to approximately 942 MWh  

Private small boats contribute an additional estimated 2,000 litres (≈17 MWh). 

The Vinöleden ferry route connects Vinön with Hampetorp (near National Road 52). Key operational data 
(2014): 

• 5,190 crossings per year  
• 38,001 cars transported  
• 2,920 larger vehicles (6–15 m)  
• 253 heavy vehicles (15–24 m)  
• 60 buses  
• 433 motorcycles  
• 17,394 foot passengers  



Approximately 20 residents commute daily to mainland jobs via ferry. 

2.4 Holmon 

 
Geography and population 

The Holmön Islands form an archipelago located in the strait between the Bothnian Sea (to the south) 
and the Bothnian Bay (to the north). The total land area is approximately 56 km², with a maximum 
elevation of 22 meters above sea level. 

 
Figure 6: Island of Holmon 

Holmön, the largest and northernmost island, is the only inhabited island in the group. The landscape 
consists primarily of forest, with older agricultural land concentrated around the main settlement area. 
This settlement extends along approximately 4 km of the main road from the northern part of the island. 

Approximately 60% of the land area, along with surrounding marine environments, is designated as a 
nature reserve. 

Holmön has approximately 65 permanent residents and around 450 part-time residents. The part-time 
population corresponds to an estimated equivalent of approximately 75 full-time residents when 
adjusted for time spent on the island. 

Daily commuting levels are low, with approximately two to four individuals travelling regularly to the 
mainland. At present, there are no schoolchildren commuting. 

The primary settlement is located in Byviken, on the northwestern tip of Holmön. This area serves as the 
island’s main hub and includes: 

• Ferry terminal and marina  
• Ship Museum  
• Tourist information center  
• Restaurant and bathing beach  
• Holmögården youth hostel  



Additional points of interest include Berguddens lighthouse, located approximately 3 km southwest of 
Byviken. The lighthouse dates from 1896, and former keeper's residences have been converted into 
accommodation. 

Infrastructure and economy 

The island is connected to the mainland electricity grid via submarine cables. A diesel-powered backup 
generator is maintained by the municipal utility to ensure supply continuity in case of outages. 

The island has approximately 25 km of roads accessible to cars and an additional 5 km of paths suitable 
for all-terrain vehicles (ATVs) and mountain bikes. 

Holmön has a single multi-functional country store that operates year-round. This facility serves multiple 
roles: 

• Grocery store  
• Postal service (all residents have mailboxes at the store)  
• Pharmacy distribution point  
• Library  
• Café  
• Collection point for government alcohol retail (online ordering with local delivery)  

Supply logistics are dependent on ferry transport: 

• Summer: deliveries three times per week  
• Autumn, winter, and spring: once per week  

Postal deliveries are carried out daily. 

There is no commercial fuel station on Holmön. All fuel must be transported individually from the 
mainland, which complicates both logistics and data collection. 

Municipal service providers (e.g., electricity, water, and waste management) typically transport their own 
vehicles and fuel from the mainland when conducting maintenance or repairs. 

Transport connectivity and Ferry operations 

Transport between Holmön and the mainland (Norrfjärden) is provided free of charge and varies 
seasonally: 

• Ice-free period: car ferry service  
• Ice conditions: hydrocopter (icecraft)  
• Severe weather conditions: helicopter service  

The ferry crossing takes approximately 45 minutes and covers a distance of about five nautical miles. 
Norrfjärden is located approximately 30 km northeast of Umeå. 

The current passenger ferry has been in operation since 1983. Service frequency includes: 

• Summer: three daily round-trips  



• Rest of the year: two daily round-trips  

This route is the longest operation by the ferry company. 

Holmön’s energy system is characterised by: 

• Dependence on mainland electricity supply  
• Lack of local fuel infrastructure  
• Reliance on transported fossil fuels for vehicles and machinery  

3. Ferry Connection 

All 4 small islands rely on the ferry service for the connection to the mainland. According to the size of 
the islands and the existing businesses, the frequency of the service varies from island to island and with 
the season, with the peak of visitors during summertime. 
 
A summary of the ferry service of each island, as well as an estimation of the number of passengers 
moved by the ferries, is presented in the following tables. 
 

Table 1: Ferries operating maritime connections to the 4 small islands 

 
 

Table 2: Inhabitants and passengers data for the 4 small islands 

Island Population Household Passengers 

  # # #/year 
Ven 

Backviken 
500   318 000 

Visingso 685 615 200 000 
Vinon 100-600 180 100 000 

Holmon 65 - 400   40 000 
 

3.1 Passengers load analysis 

Based on the information collected on the transportation of people and vehicles to the four small islands 
of Ven, Visingso, Vinon and Holmon, an analysis of the efficiency of the ferry transport was performed, 
starting from the assessment of the effective number of travellers. 
 
 
 
 

Island Ship Name LOA tonnage Power PAX Cars Trip Trip LOAD

m t MW min km RTrip/day Trip/year %

Ven Backviken Uraniborg 49.95 1349 1,397 394 14 30 8 9 - 14 7 560 10.68%

Visingso Braheborg 58 1500 4 x 0.48 397 34 25 10 16-24 12 000 4.20%

Vinon Sedna 44 151 2x 0.662 123 14 25 10 14 5 190 15.66%

Holmon Capella 33 201 0.697 150 3 40 10 5 1 820 14.65%

Trips



Table 3: Ferry load analysis on the route connecting the 4 small islands 

Island 
Population Household Passengers 

Ship 
capacity 

Ship  
trip 

Full 
load 

Efficiency Average 

# # #/year # 
Trip/ 
year 

Trip/ 
year 

% 
Passengers 

/Trip 
Ven 500   318 000 394 7 560 807 10.7% 42 

Visings
o 

685 615 200 000 397 
12 

000 
504 4.2% 17 

Vinon 100-600 180 100 000 123 5 190 813 15.7% 19 
Holmon 65 - 400   40 000 150 1 820 267 14.7% 22 

 
In the table above it is reported for each island the estimation of passengers moved by the ferry service, 
the capacity of the vessels executing the service to the islands, and the number of trips that each ship 
runs every year according to the timetable and scheduling of the shipping companies. 
The column “Ship trip” reports the number of trips that a ship performs in a year, i.e. the total number of 
trips; therefore, the number of round-trip trips can be derived from it by dividing by two. 
The column “Efficiency” shows the number of trips that the ship in service on that route should execute 
at full load to transport the total number of passengers travelling between islands and the mainland in 
a year. 
The column “Average” shows the average number of passengers on a ship during a trip to or from the 
island: the total number of passengers has been divided by the total number of trips to or from the island. 
The details on the seasonal variation of the passengers are missing, but we can estimate that one-third 
of the total passengers are travelling in the summer season (60 days) and the rest is spread throughout 
the year. 

Table 4 Passengers travelling to the 4 small islands, winter and summer season breakdown 

 
 
 
 
 
 
 
 

 
 

The proposed breakdown, although missing some detailed information, shows that the potential capacity 
of transport of people to the islands by ferry for both the summer and winter seasons exceeds the 
demand of passengers largely. 
Indeed, the combination of the frequency of the journey and the load capacity of the vessels is much 
greater than the number of visitors reaching the islands.  
 

Passngrs Ship capcity Average Efficiency

#/winter # RTrip/day Trip/winter Pssngrs/Trip %

Ven 212 000 394 9 5 400 39 10.0%

Visingso 133 333 397 16 9 600 14 3.5%

Vinon 66 667 123 5 3 000 22 18.1%

Holmon 26 667 150 5 3 000 9 5.9%

Island

WINTER SEASON (300 days)

Ship trip

Passngrs Ship capcity Average Efficiency

#/summer # RTrip/day Trip/summer Pssngrs/Trip %

Ven 106 000 394 14 1 680 63 16.0%

Visingso 66 667 397 24 2 880 23 5.8%

Vinon 33 333 123 10 1 200 28 22.6%

Holmon 13 333 150 5 600 22 14.8%

Island

SUMMER SEASON (60 days)

Ship trip



 
Figure 7: Ferries in service for the four small islands 

 

Island 
Ship 

Name 
LOA tonnage Power PAX Cars 

    m t  MW # # 

Ven  Uraniborg 49.95 1349 1,397 394 14 
Visingso Braheborg 58 1500 4 x 0.48 397 34 

Vinon Sedna 44 151 
2x 

0.662 
123 14 

Holmon Capella 33 201 0.697 150 3 
 
Operating vessels must be able to offer space for the transport of trucks and vehicles to support the 
activities of the inhabitants, so the size of the vessels should allow for such a service. For this reason, 
the engine must provide enough power to move such big vessels. 
 
Possible ways to increase the efficiency of the maritime transport to the islands include reducing the 
frequency of the ferry journeys and/or reducing the size of the vessels. 
 
Increasing the efficiency of transportation is a first step towards a reduction of emissions related to 
fossil fuels consumed by ferry vessels. Achieving a higher occupancy rate of ferries will increase the 
efficiency of transport and energy utilisation.  

3.2 The case of Holmon 

The island of Holmon, compared to the other three, shows more critical aspects to be addressed, like the 
harsh conditions of the winter season when the ferry route is covered in ice for up to 10 weeks and the 
ferry cannot run. 



The Swedish Transport Administration operates the route with an old ferry, the Capella, built in 1975, 
which can carry four vehicles and 25 tons of cargo, but which cannot travel in winter on ice. 
A small hovercraft operates the route when the ferry is not in service and when ice conditions allow. In 
extreme weather conditions, the helicopter is deployed after five working days. The helicopter serves the 
route with one trip in the morning and one trip in the evening. 
 
Example of an extreme crossing happened in the morning of Saturday 9 November 2019, when the ferry 
Holmö suffered an engine failure, with adverse weather conditions, a temperature of -4 degrees, a wind 
speed of 17-20 m/s and a wave height of up to 4 m. The ferry carried four passengers and two crew 
members on board. The passengers had to be winched onto a helicopter to be evacuated. At that moment 
the load on the ferry was less than 3% of its capacity, which means that each passenger consumed 
more than 70 kWh of energy for the 40’ time crossing. 
 

 
Figure 8: small boat for harsh sea conditions 

 
If a smaller vessel were used for the service, efficiency could be improved significantly. 
There exist small boats designed to operate in extreme conditions with a capacity of a few passengers, 
6 to 60, and with engines in the range of 150-500 kW. 
 
For the case of Holmon, the winter season presents the challenge of the iced sea, and so technological 
solutions like hovercraft and sledges running on an iced track are a better option for the connection with 
the mainland from a point of view of the efficiency of transport. Additionally, due to the specific context 
of operations for the island of Holmon, there are requirements on the performance of the vessels, 
especially for the winter season, requiring high power output for propulsion in harsh water. For the 
summer season, it is considered that 13.300 people are travelling between the island and the mainland 
by ferry. 
 
For the smaller vessel, it is assumed that this could be a small ferry of 50 passengers max capacity, and 
powered by an engine of 300 kW, covering the route in 30 minutes, and providing a maximum of four 
round-trips per day. It is also considered that for the summer season, a service with a small taxi boat, on 
call, could cover the route, supporting the peak of visitors and extending the offer in the timetable, 
operating up to 8 round-trips a day. The taxi can be a small boat carrying a maximum of 10 passengers, 
powered by a 100-kW engine, and covering the route in 30 minutes. 
 



Table 5: distribution of passengers in the summer season for Holmon 

 
 
It is clear that by reducing the capacity of the vessels and the size of the engine, the energy performance 
improves. The service offers a capacity of over 20 000 passengers in the season, which means up to 
400 passengers a day. If the proposed fleet, made of the small ferry and the taxi boat, operates with an 
average load of 50%, it can carry more than 16 000 passengers in the season. 
The savings in terms of energy with the proposed arrangement come from the combined impact of 
increasing the occupancy rate of the vessels, differentiating the offer with boats of small size, and 
reducing the size of the power units of the vessels. The bigger unit would ride only 4 round trips a day 
allowing up to 200 passengers to get to the island in a day. In addition, a smaller taxi boat operating on 
call up to 8 round trips a day with a maximum capacity of 10 passengers per trip would allow up to 80 
visitors to reach the island. 
With this solution, the capacity of transport is maintained while cutting 50% of the energy used with the 
operation of a large ferry. 
 

4. Opportunity for electrifying the ferry service 

The islands of Ven, Visingso and Vinon present a volume of passengers on their maritime connection 
from and to the mainland in the range of 100 000 to 300 000 units per year. The routes are covered by 
ferries operating from 5 000 up to 12 000 trips in a year. 
 

Table 6: data on population and visitors to the islands of Ven, Visingso, and Vinon 

  
 
As can be seen, the rate of occupancy of the vessels is low, which leads to considering reducing the size 
of the vessels or reducing the number of trips in the season. Additionally, the distribution of passengers 
follows seasonal trends with a peak in the summer. Visingso Island Trafikverket data for the year 2023 
reports a total number of 468 000 passengers moved in the year, the 79% of the passengers registered 
in only 5 months between May and September. This means that the average daily passengers in the low 
season (October-April) are about 560. The 560 passengers are distributed over 36 trips daily, with a 
medium occupancy of the vessel equal to 16 people. The smallest vessel operated on the route to 
Visingso, Christina Brahe, carries more than 200 passengers.  
 

Island Passngrs Ship capcity Average Efficiency Power Energy Energy/trip

#/summer # RTrip/day Trip/summer Pssngrs/Trip % kW MWh kWh

Holmon 13 333 150 5 600 22 14.8% 697 396 660

Holmon 1 12 000 50 4 480 25 50.0% 300 136 284

Holmon 2 4 800 10 8 960 24 50.0% 100 91 95

Ship trip

SUMMER SEASON (60 days)

Population household Passngrs Ship capcity Ship trip Full load Efficiency Average

# # #/year # Trip/year Trip/year % Pssngrs/Trip

Ven 500 318 000 394 7 560 807 10.7% 42

Visingso 685 615 200 000 397 12 000 504 4.2% 17

Vinon 100-600 180 100 000 123 5 190 813 15.7% 19

Island



 
Figure 9: passengers on the route Granna Visingso for the year 2023, Trafikverket 

 
For the case of the three islands, an electric ferry with a maximum occupancy of 150 passengers can be 
considered as a suitable solution to decarbonise the connection with the mainland. The ferry considered 
as a reference is a small vessel for the transportation of people only.  
To provide access to vehicles, a dedicated service for commercial transport and residents can be provided 
with small barges operating with a reservation system. 
 
For the transportation of people, an electric ferry like the Medstraum can be considered. This is a vessel 
30 metres long and 9 metres wide, and with a capacity of 150 passengers. The 1.5 MWh battery pack 
allows it to travel at 23 knots for a full hour with only the help of electricity; propulsion engine and 
propulsion shafts are supplied by Wärtsilä.  
 
 
 
 
 
 
 
 
 
 
 
 
Considering that the annual passengers are distributed 33% in the summer season (65 days) and 66% 
in the winter season (300 days), the following tables show how a ferry of 150 passengers capacity can 
manage the demand for travelling. 
 

Figure 10: Medtraum Electric ferry (150 pax) 



Table 7: Possible distribution of passengers in the winter and summer seasons, for the route connecting 
the three islands of Ven, Visingso, and Vinon. 

 
  
The tables show that a vessel with a capacity of 150 passengers can satisfy the traffic demand to the 
islands even in the summer peak season by operating 8 round trips a day with an average occupancy of 
70%. 
Ven and Visingso islands show a higher flux of people, and 8 round trips a day can ensure the ability to 
carry more than 1 000 people to the island in one day. 
 

4.1 Potential emissions savings and energy balance 

In this paragraph, the energy aspects of maritime transport for the three islands are presented. These 
consider the present consumptions of the ferries operating the routes according to their timetables, and 
the consumption of an electric ferry that can optionally cover the routes according to the time schedule 
and number of trips along the year of the previous paragraph (table 5). 
 

 
 

 
 

 
 

 
 

 

Passngrs Ship capcity Average Efficiency

#/winter # RTrip/day Trip/winter Pssngrs/Trip %

Ven 212 000 150 8 4 800 44 29.4%

Visingso 133 333 150 8 4 800 28 18.5%

Vinon 66 667 150 6 3 600 19 12.3%

WINTER SEASON (300 days)

Island
Ship trip

Passngrs Ship capcity Average Efficiency Power Energy Energy/trip

#/winter # RTrip/day Trip/winter Pssngrs/Trip % kW MWh kWh

Uraniborg 212 000 394 9 5 400 39 8.5% 1 000 6 804 1 260

EF 212 000 150 8 4 800 44 29.4% 1 100 2 640 550

Ven WINTER SEASON (300 days)

Ship
Ship trip

Passngrs Ship capcity Average Efficiency Power Energy Energy/trip

#/summer # RTrip/day Trip/summer Pssngrs/Trip % kW MWh kWh

Uraniborg 106 000 394 9 1 170 91 8.5% 1 000 1 474 1 260

EF 106 000 150 8 1 040 102 67.9% 1 100 572 550

Ven: SUMMER SEASON (65 days)

Ship trip
Ship

Passngrs Ship capcity Average Efficiency Power Energy Energy/trip

#/winter # RTrip/day Trip/winter Pssngrs/Trip % kW MWh kWh

Braheborg 133 333 397 16 9 600 14 8.5% 1 000 10 560 1 100

EF 133 333 150 8 4 800 28 18.5% 1 100 2 200 458

Visingso: WINTER SEASON (300 days)

Ship
Ship trip

Passngrs Ship capcity Average Efficiency Power Energy Energy/trip

#/summer # RTrip/day Trip/summer Pssngrs/Trip % kW MWh kWh

Braheborg 66 667 397 20 2 600 26 8.5% 1 000 2 860 1 100

EF 66 667 150 8 1 040 64 42.7% 1 100 477 458

Visingso: SUMMER SEASON (65 days)

Ship trip
Ship

Passngrs Ship capcity Average Efficiency Power Energy Energy/trip

#/winter # RTrip/day Trip/winter Pssngrs/Trip % kW MWh kWh

Sedna 66 667 123 16 9 600 7 8.5% 1 000 10 349 1 078

EF 66 667 150 8 4 800 14 9.3% 1 100 2 200 458

Vinon: WINTER SEASON (300 days)

Ship
Ship trip

Passngrs Ship capcity Average Efficiency

#/summer # RTrip/day Trip/summer Pssngrs/Trip %

Ven 106 000 150 8 1 040 102 67.9%

Visingso 66 667 150 8 1 040 64 42.7%

Vinon 33 333 150 6 780 43 28.5%

SUMMER SEASON (65 days)

Island
Ship trip



 

 
Table 8 Energy consumption for traditional and electric ferry for the route connecting the three 
islands of Ven, Visingso, and Vinon 

 
In all cases the option of an electric ferry with a capacity of 150 passengers presents energy savings. 
The total energy consumption is reduced by about 80% thanks to the reduced size of the vessel and the 
better efficiency of the electric propulsion. 
 
The consumption of bunker oil and an estimate of electrical energy equivalent to provide the service with 
Battery Electric Vessel (BEV) is reported in the table below. Additionally, for a possible Fuel Cell Electric 
Ferry (FCEF), the amount of hydrogen is also reported. 
 

 

 

 
 

 
 

 
Table 9 Consumption of bunker oil and an estimate of electrical energy equivalent to provide the 
service with Battery Electric Vessel (BEV) 

 
 

Passngrs Ship capcity Average Efficiency Power Energy Energy/trip

#/summer # RTrip/day Trip/summer Pssngrs/Trip % kW MWh kWh

Sedna 33 333 394 20 2 600 13 8.5% 1 000 2 860 1 100

EF 33 333 150 8 1 040 32 21.4% 1 100 477 458

Vinon: SUMMER SEASON (65 days)

Ship
Ship trip

Ven

g/kW h kW/trip kg/trip kWh/trip

Uraniborg 210 1000 105 1260

h2 kg 30.3

BEV kWh 550

Visingso

g/kW h kW/trip kg/trip kWh/trip

Braheborg 220 1000 91.67 1100

h2 kg 25.3

BEV kWh 458

Vinon

 15-24 trip/day g/kW h kW/trip kg/trip kWh/trip

Sedna 220 980 89.83 1078

h2 kg 25.3

BEV kWh 458

Holmon

g/kW h kW/trip kg/trip kWh/trip

Capella 220 500 55 660

h2 kg NA

BEV kWh NA



Considering the opportunity to provide green energy to fuel the electric ferries, it is necessary to have 
enough installed power of RES generation to provide the average amount of energy for one day of service 
on the different routes. The number of round trips per day is limited to 8, and so the consumption of 
energy in a full day of service is about 8 MWh a day, equivalent on a yearly basis to an average 
production of about 3 000 MWh/y, which is possible for a PV plant operated at the latitude of Landskrona 
with an installed power of about 5 MWp.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4.2 Transport of motor vehicles 

The solution presented in the previous paragraph does not apply to the transport of vehicles to the 
islands. Ven Island accounts for 32 000 vehicles transported throughout the year. Visingso island counts 
for 78 000 vehicles transported throughout the year. Vinon Island accounts for 38 000 vehicles 
transported throughout the year. The figures come from direct reporting of the islands and look quite 
high. 
For example, Visingso reports a number of vehicles carried by the ferry service of 78 000, which means 
39 000 vehicles reach the islands in one year. This means an average of 106 vehicles per day travelling 
to an island that is 14 km long and 3 km wide for a total surface of about 25 km2. The specific reason 
for this great demand may help to find solutions to help reduce the impact on maritime transport. 
The islands of Ven and Vinon see modest traffic of vehicles to the island, with an average of 50 vehicles 
reaching the islands every day. The transport can be managed by dedicated vessels and operated based 
on reservations. A vessel for 30 vehicles can operate a limited number of round trips, such as 2 per day, 
satisfying the total demand, but also organising a more efficient road and intermodal transport for 
commuting between the island and the mainland, fitting the needs of movement for people and general 
goods. 
 
A retrofitting option example for such a vessel is the 110- by 11.45-metre H2 Barge originally built as a 
conventionally powered containership for sailings on the Rhine River, which underwent conversion to 
operate on hydrogen fuel. The retrofitting work on the former Future Proof Shipping - Maas was carried 

Figure 11: energy production of a PV generator 5 MWp installed at a latitude of Ven island 



out in compliance to Lloyd's Register class requirements at the Hardinxveld facilities of local builder the 
Holland Shipyards Group. The new propulsion arrangement consists of electric motors, hydrogen tanks, a 
PEM fuel cell system that is essential for converting hydrogen into electricity, and a battery pack. The 
compressed hydrogen tanks, the fuel cells, and the battery system are separate units that can be 
removed for maintenance or replacement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

5. Conclusions 

In this study the status of the maritime transport to and from 4 small islands located in Sweden is 
presented. People move between the islands and the mainland by ferry, crossing a short route of about 
30 minutes in time and 10 km in distance. 
The study aims to assess the energy and environmental impact of the ferry connecting service for the 4 
islands of Ven, Visingso, Vinon, and Holmon, providing optional solutions that allow savings in energy 
and emissions on the route. 

Table 10: 4 small Islands data summary 

  Ven Visingso Vinon Holmon 

Number of inhabitants 500 685 100-600 65 - 400 

Local Renewable Energy Annual Production NA NA NA NA 
Distance from mainland in NM 4.5 5.5 5.5 5.5 

Typical duration of the journey to the Mainland in 
minutes 

30 30 25 40 

Number of journeysoperated per years 7.560 12.000 5.190 1.820 
Number of vehicles transiting on M/S per year 32 000 78 000 38 000   

Number of people transiting on M/S per year 318 000 200 000 100 000 40 000 
Number of M/S operative 1 3 2 2 
Age of the M/S 2012 2014   2015 

Number of M/S journeys per year 7 560 12 000 5 190 1 820 
AVG Power Capacity of the M/S     [MW] 1.0 1.0 0.98 0.52 
AVG passengers Load factor M/S journey  10.68% 4.20% 15.66% 14.65% 

Figure 12: A barge can be retrofitted for the transport of vehicles and powered by 
fuel cell electric propulsion 



AVG Fuel consumption per journey   [kg] 105 92 90 76 

AVG CO2 emission per journey   [kg] 330.75 289.8 283.5 239.4 
 
Reducing fossil fuel consumption and associated emissions in ferry operations can be achieved primarily 
through optimization of the transport service. An analysis of the number of journeys offered compared 
to the total number of visitors to the islands indicates that vessels are currently operating with low 
occupancy rates (i.e., passenger load relative to vessel capacity). 
To address this inefficiency, the frequency of ferry services should be aligned more closely with actual 
passenger demand and vessel capacity. Increasing occupancy rates would significantly improve 
operational efficiency and reduce emissions per passenger. 
Vessel size is another critical factor. Deploying smaller-capacity vessels equipped with lower-power 
propulsion systems can reduce fuel consumption and CO₂ emissions, particularly when operating under 
the same service duration and frequency. 
 
Zero-emission propulsion technologies are already available and viable for ferry operations. Electric 
propulsion systems using batteries, as well as hydrogen fuel cells, can enable ferry routes between the 
mainland and islands to operate without CO₂ emissions. 
Given the relatively short distances and journey durations involved, energy storage capacity and 
recharging requirements do not pose significant technical challenges. This is especially true when 
services are scheduled with intervals of at least two hours between departures, allowing sufficient time 
for recharging. 
 
The transport of passengers and vehicles presents different operational requirements. Vehicle ferries 
typically require larger vessels and more powerful engines. However, for the small islands considered in 
this study—characterized by limited road infrastructure—it is important to reassess the necessity of 
transporting private vehicles. 
While vehicle access remains important for commercial purposes, private vehicle transport could be 
reduced or restructured. One potential solution is the introduction of intermodal systems, such as small 
rental vehicle fleets available on the islands for local mobility. 
Alternative logistics solutions should also be considered: 

• Modular vessels with adaptable decks for occasional vehicle transport 
• Dedicated barge services operating on fixed schedules for freight and commercial vehicles 

For context, the island of Visingsö reported approximately 78,000 vehicle ferry crossings in 2015—
equivalent to over 100 vehicles per day. If similar patterns exist, restricting vehicle transport primarily to 
commercial use could significantly improve system efficiency. 
 
Electric ferries for passenger transport are a mature and commercially available solution. Shipyards 
currently offer both custom-built electric vessels and retrofit options for existing fleets. 
For the islands in this study, new vessels with a capacity of approximately 50 passengers are 
recommended. Operating at an average occupancy rate of 70% with five daily departures, such a system 
could transport over 60,000 passengers annually. 
 
Assuming five daily departures, the estimated energy demand for operating an electric ferry service is 
approximately 8 MWh per day. 
This demand could be met through renewable energy sources such as a photovoltaic (solar) installation 
with a capacity of approximately 5–6 MWp. 
To ensure reliability and operational flexibility, these renewable energy systems should be integrated 
with battery energy storage systems (BESS), enabling efficient management of ferry charging cycles. 
Due to space constraints on the islands, both the renewable energy generation facilities and the charging 
infrastructure should be located on the mainland. 



 
Further development of this study should focus on: 

• Detailed analysis of passenger and vehicle traffic flows 
• Definition of service level targets 
• Quantification of emission reduction objectives 

Preliminary findings indicate that significant emission reductions can be achieved through improved 
operational efficiency, particularly by increasing vessel occupancy rates. 
In parallel, the transition to electric propulsion powered by renewable energy is both technically feasible 
and strategically advantageous. Future investigations should prioritize assessment of mainland 
conditions, including the availability of wind and solar resources, to support the required energy 
infrastructure. 
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