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Abstract

To support Miljøpunkt Indre By & Christianshavn’s efforts to accelerate the electrification of 

Copenhagen’s diesel canal boats before 2037, this project investigated the obstacles to earlier 

electrification. The project quantified UFP and CO2 emissions from canal boats, assessed electrification 

costs and infrastructure requirements, and surveyed tourist opinions on electric canal boats. Canal boats 

were found to be a significant source of UFP pollution, with peak concentrations reaching up to 39 times 

above ambient levels at Stormbroen. A majority of surveyed tourists preferred electric boats and 

expressed willingness to pay more. Based on these findings, recommendations were developed for the 

municipality, By & Havn, and operators to hasten the transition to a fossil-free port.
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Executive Summary

Despite Copenhagen’s reputation as one of the world’s most sustainable cities, 24 diesel-powered 

canal tour boats continue to operate in its harbor, emitting harmful pollutants into densely populated and 

heavily visited areas. The permits governing these operations do not expire until 2037, leaving residents 

and tourists exposed for over a decade more. The transition faces significant barriers: high upfront costs, 

limited charging infrastructure, vessel design constraints, and the municipality’s lack of legislative 

authority to act before the permits expire. Miljøpunkt Indre By & Christianshavn, an independent 

environmental foundation, commissioned this project to support earlier electrification. The project 

pursued three objectives: quantifying UFP and CO2 emissions from canal boats, determining the costs and 

infrastructure requirements of electrification, and surveying tourist opinions on electric canal boats.

UFP concentrations were measured at Stormbroen, Snorrebroen, and Langelinie Park (Figure 1); CO2 

emissions were calculated using engine specifications and fuel data from the Danish ship registry; and 

tourist opinions were gathered via convenience sampling surveys near the canal boat docks.

Figure 1

Map of Observation Locations across Copenhagen

UFP measurements confirmed that canal boats are a significant source of pollution, with peak 

concentrations at Stormbroen reaching 182,000 pt/cc (Figure 2), approximately 39 times above ambient 

levels and exceeding by 59 times the concentration associated with a 13% increase in COPD mortality in 

Copenhagen within 48 hours of exposure. Even at Langelinie Park, where greater distance from vessels 

results in more dispersed plumes, peak concentrations still reached 30,300 pt/cc (Figure 2), 10 times 

above ambient levels and exceeding the concentration linked to a 6% increase in pneumonia 

hospitalizations in children under 15 within three days. The health risk is further compounded by the size 

of diesel particles, which fall predominantly in the 20-130nm range, a size at which more than 50% of 

inhaled particles deposit directly in the lungs rather than being exhaled, meaning a significant proportion 

of these concentrations physically remain in the bodies of those present. This exposure is not limited to 

the three measurement sites, but extends to anyone along Copenhagen’s canal routes, with residents 
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bearing the burden of repeated daily exposure and tourists facing immediate health risks during their visit. 

With multiple boats completing tours throughout each day of the operating season, these concentration 

spikes are a recurring daily reality for residents and tourists along the canal routes. These findings 

underscore the urgency of accelerating electrification, as every operating season of diesel canal boats 

continues to expose residents, commuters, and tourists to concentrations far exceeding levels associated 

with serious health outcomes.

Figure 2

UFP measurement graph on June 2 and June 3

Canal boats were also found to be a significant source of CO2 emissions. Using engine specifications 

from the Danish ship registry and fuel consumption data validated by Stromma mechanics, the project 

calculated that each canal boat consumes an average of 10.7 liters of HVO fuel per tour, producing 26.2 

kg of CO2, 15 times more than an equivalent electric boat. Figure 3 illustrates the CO2 emissions of a 

single canal boat tour compared to an equivalent electric tour and other common daily polluters, 

highlighting the disproportionate environmental impact of continued diesel operation. Across Stromma’s 

full fleet, this amounts to 334 metric tons annually, equivalent to the emissions of 28 households or 210 

cars, an avoidable burden that electrification could eliminate entirely, pushing Copenhagen closer to its 

2035 carbon neutrality goal.
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Figure 3

Calculated relation Stromma emissions in one tour compared to a hypothetical Stromma electric fleet and 

other common daily polluters
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From an economic perspective, electrification is financially attractive in the long term. While 

retrofitting each open-air boat carries an upfront cost of approximately 4.5 million DKK, the switch to 

electricity would reduce annual fuel costs from 3,071,038 DKK to 226,084 DKK, an estimated annual 

saving of 2,844,953 DKK. However, key challenges include the electrical grid capacity at Stromma’s 

current wharf, which cannot support fleet-wide charging, design constraints on covered boats that limit 

battery space, and short-term maintenance uncertainty as operators gain familiarity with electric systems, 

though long-term maintenance costs are expected to be negligible. To make this investment viable, the 

municipality and By & Havn should provide a permanent docking location with adequate electrical 

infrastructure, and offer sail rights extensions tied to electrification progress to give operators the 

confidence to invest.

Among the 12 tourists surveyed, two-thirds preferred electric boats over diesel, a majority expressed 

willingness to repeat business with environmentally friendly operators, and all but one were willing to 

pay more, most in the range of 10 to 50 kroner. Figure 4 shows the breakdown of tourist responses to 

whether they would pay more for an electric tour boat over a diesel one, with 91.7% willing to pay more 

and the largest group indicating a range of 10 to 50 kroner. These results are limited by a low response 

rate of 10% and a small sample size of 12, and should be interpreted with caution rather than generalized 

to the broader tourist population. Despite the limited sample, operators should explore whether 

electrification could be marketed as a selling point, and further research into tourist preferences is 

recommended.
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Figure 4

Determining Tourists’ Willingness to Pay More for an Electric Canal Tour
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Across all three objectives, the findings point to the same conclusion: the health, environmental, and 

economic case for accelerating electrification before 2037 is strong, and the primary barriers are not 

technological or financial but political and logistical. With coordinated action from the municipality, By 

& Havn, and canal boat operators, a fossil-free harbor is achievable well before the current deadline.

Recommendations

Find a Permanent Location for Canal Boats: A new, long-term location for the canal boat overnight 

docks would incentivize investing in electrification without the risk of losing that investment.

Create an Extension for Canal Boat Operations: Extending the rights to sail past the current 2037 

timeline would provide an incentive to electrify that wouldn’t cost money. Moreover, the incentive should 

be structured to reward quicker electrification.

Coordinate between the Municipality and By & Havn: As both organizations deal with harbor 

operations, they should work together to ensure cohesive and effective policy creation and 

implementation.

Focus on Fair Competition: Future contracts By & Havn signs with the commercial tour operators 

should not stretch for as long as 2037. This will help ensure other operators can bid for a spot if they have 

cleaner technology.

Relocate Seaplanes away from Residential Areas: The seaplanes currently dock at Langelinie Park, 

which is a tourist and green space. A new location should be established away from heavily residential 

areas.

Shift Canal Boat Operations away from Nyhavn: The current dock at Nyhavn only allows two boat 

operators, preventing newer electric companies from setting up in Copenhagen. Moving operations away 

from Nyhavn would give new electric operators the chance to enter the market on more even terms.

Research Highlighting the Benefits of Electrification in Advertisements: Canal boat operators should 

conduct further research into the interest consumers have in electrification. A question asking if they 

would pay more or their interest in an electric boat can be added to the existing satisfaction survey.
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Introduction

Shorelines often conjure images of sandy or rocky beaches, soothing waves crashing against the 

shore, and a tranquility that hangs over the place. However, a more accurate picture might include a 

concrete steel port jettisoning out from the mainland to meet ships emitting an assortment of pollutants 

and bellowing deafening, irritating noise. The Port of Copenhagen is no exception to this picture. While 

Copenhagen is highly touted globally for being a leading environmentally conscious city, if you take a 

stroll along the seaside, you’ll smell the burning diesel from the busy tour boats. If you continue to walk 

to the local park, you’ll hear the noise from seaplanes taxiing to and from their dock. These issues 

negatively affect Copenhagen citizens’ health and well-being and cast a shadow on Copenhagen’s 

environmental legacy.

Internationally, Copenhagen is recognized as one of the world’s most sustainable cities, reducing 

carbon emissions by 48% between 2005 and 2025 through widespread investments in public transit, 

electric buses, and green infrastructure. Despite this progress, a total of 24 diesel-powered canal tour 

boats operate year-round in the harbor, winding through the city’s waterways and emitting harmful 

pollutants directly into the air breathed by residents and tourists. In addition, seaplanes departing from 

Langelinie Park offer aerial tours of the city, further contributing to the harbor’s pollution. Polluters like 

these have already prevented Copenhagen from achieving its goal of becoming carbon neutral by 2025 

and threaten Copenhagen’s new deadline of 2035.

Similarities to Amsterdam

Currently, Copenhagen is facing many of the same obstacles to achieving the electrification of its 

canal boats before 2037 that Amsterdam faced when electrifying its canal boats. Two of these obstacles 

are the cost associated with electrification and the lack of charging infrastructure. However, Amsterdam 

has been able to quickly transition by using zero-emission zones and permits.

Zero-emission zones (ZEZs) are areas within a city where emission-free vehicles face unrestricted 

access, while other vehicles that run on diesel or gas face added restrictions and are often prevented from 

entering. Through designating the inner canal system of Amsterdam as a zero-emission zone, the 

government has effectively banned diesel boats, with a few exceptions, from entering. Thus, due to the 

ZEZ, the canal boats were essentially required to be electrified to continue normal touring operations.

Another policy route to reduce fossil-fuel reliance is to require electrification as a condition for permit 

renewal. For instance, in harbors, permits are often required to operate boats. Thus, to reduce emissions, 

the permit renewal would be contingent on the electrification of the boats or seaplanes. Amsterdam 

enforced its zero-emission zone by issuing vehicle vignettes. Vehicle vignettes are a paid license, often in 

the form of a sticker, allowing access to a piece of transit infrastructure, in this case, the canals. The 

vehicle vignettes created a gradual transition into implementing a full zero-emission zone, as previously 

issued vignettes were still valid until their expiration. The last of these permits and other exemptions will 

expire on January 1st, 2030 (Emission-Free Sailing, n.d.). Notably, 75% of the commercial canal tour 

boats operating in Amsterdam were already electrified by 2020 (Sterling, 2020). This rapid adoption of 

emission-free boats demonstrates that such a transformation is economically viable and realistic 

elsewhere.
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The Problem

In May 2026, Copenhagen’s Climate, Technical, and Environmental Committee, a political committee 

in the city government, met to discuss the progress of electrifying canal boats in Copenhagen harbor. 

They instructed the environmental mayor’s office to investigate electrification by 2037. The committee 

cited several reasons for this timeline: the high upfront costs to tour boat companies, the lack of existing 

charging infrastructure, design limitations in retrofitting current vessels, pre-existing contracts that expire 

in 2037, and the municipality’s lack of legislative authority to compel an earlier transition. The lack of 

authority is due to contracts with the canal boat operator that run until 2037, allowing the operators to 

continue diesel operations.

That timeline, however, fails to account for the urgency of the problem. Every year the transition is 

delayed, the diesel engines powering these boats and seaplanes continue to emit pollutants and produce 

noise, causing harmful health effects to the residents and visitors living and working along their tour 

routes. Furthermore, the continued use of diesel engines contributes to CO2 emissions, undermining 

Copenhagen’s goal of becoming carbon neutral by 2030.

Recognizing this urgency, Miljøpunkt Indre By & Christianshavn, an independent environmental 

foundation based in Copenhagen, sent a letter to the municipality arguing that the 2037 timeline is not 

ambitious enough. Miljøpunkt Indre By & Christianshavn focuses on environmental advocacy and the 

promotion of sustainability initiatives. This project is designed to assist Miljøpunkt in hastening the 

electrification of canal boats in the Port of Copenhagen before the current 2037 timeline by providing a 

thorough analysis of the obstacles and trade-offs of electrification in order to address the concerns 

standing in the way of an earlier transition. To achieve this goal, our objectives are as follows:

1. Quantify the effect of fossil-fuel seaplanes and canal boats on air pollution levels in and around the 

Port of Copenhagen.

2. Determine the costs and infrastructure requirements of canal boat electrification.

3. Determine tourist perspectives and opinions on canal boat electrification.

Collecting emission data will help us show the extent of the pollution problem for the citizens who 

frequent the harbor. Moreover, we can convert the amount of pollution from canal boats and seaplanes 

into the expected health issues that residents will face. The health effects results will explain the need to 

speed up the electrification processes for the canal boats. When the cost of electrification is determined, it 

will show the feasibility of electrification of canal boats, but also highlight the obstacles that need to be 

addressed to increase the rate of electrification. Finally, we can use the opinions of tourists to inform how 

we can advertise electrification to the public and gain support for electrification from an often overlooked 

stakeholder.
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Quantifying Emissions

Quantifying the effect of fossil-fuel seaplanes and canal boats on air pollution levels 

in and around the Port of Copenhagen.

Diesel combustion releases a wide range of pollutants into the air. Among the many pollutants emitted 

by diesel engines, ultrafine particles (UFPs) are considered among the most harmful to human health 

(Moreno-Ríos et al., 2022). What makes UFPs uniquely dangerous is their size. Ultrafine particles are 

airborne particles with an aerodynamic diameter of less than 0.1μm, smaller than one thousandth the 

width of a human hair, and are primarily produced by the combustion of fossil fuels. (Moreno-Ríos et al., 

2022). Larger particles are caught by the hairs and mucus lining the nose and throat, the respiratory 

system’s natural filter, while smaller particles slip past these defenses and move deeper into the lungs. The 

smaller the particle, the deeper it reaches and the more likely it is to settle onto the walls of the lungs and 

remain there rather than leaving the body with exhaled air. For the particles that slip past, the body still 

has a backup mechanism, macrophages, which are immune cells tasked with clearing whatever reaches 

the lungs. Since diesel engines emit particles predominantly in the 20 - 130nm range (Moreno-Ríos et al., 

2022), a significant proportion of the canal boat emissions fall within the size range where more than 50% 

of particles deposit rather than being exhaled, affecting residents, tourists, and children along the canal 

routes (Huong et al., 2024).

At high concentrations, however, macrophages become overwhelmed, allowing particles to 

accumulate in the lung tissue rather than being cleared. Among these accumulated particles, the smallest 

can cross into the pulmonary alveoli, tiny air sacs where oxygen actually crosses into the blood during 

respiration, and enter the bloodstream directly, reaching organs throughout the body, including the brain 

(Bergmann et al., 2023; Moreno-Ríos et al., 2022).

Once translocated into the bloodstream, UFPs overwhelm the body’s antioxidant defenses, generating 

oxidative stress, a state in which reactive oxygen species (ROS) accumulate faster than the body can 

neutralize them (Qin et al., 2026; Sies, 1986). This disruption in the body’s balance between ROS and 

antioxidants triggers inflammation and sets off a cascade of cellular and tissue damage (Qin et al., 2026; 

Sies et al., 2017). The downstream consequences of this oxidative damage are far-reaching, encompassing 

cardiovascular disease, respiratory illness, and neurological damage (Bergmann et al., 2023; Moreno-Ríos 

et al., 2022).

These consequences emerge across both short and long-term exposure windows. In the short term, 

even brief spikes of elevated UFP concentrations have been associated with acute health events, including 

hospital admissions for cardiovascular and respiratory diseases, within days of exposure (Bergmann et al., 

2023). A 17-year study of Copenhagen residents revealed that short-term UFP exposure was found to 

significantly increase the risk of COPD (Chronic Obstructive Pulmonary Disease) mortality and asthma 

hospital admissions, with effects strongest within the first two days (Bergmann et al., 2023). Short-term 

UFP exposure has also been shown to disproportionately affect children, with a companion Copenhagen 

study linking short-term exposure to a significant increase in hospital admissions for respiratory 

infections and pneumonia in children under 15 in particular (Bergmann et al., 2025). Long-term exposure 

3



to UFPs carries its own distinct health burden, with a 2026 systematic review of 85 studies finding 

associations between chronic UFP exposure and a wide range of serious chronic UFP outcomes, including 

increased mortality, cardiovascular disease, diabetes and stroke (Bergmann et al., 2026). Notably, the 

review found that long-term exposure was associated with a 6% increase in natural mortality per 10,000 

particles per cubic centimeter increase in UFP concentration (Bergmann et al., 2026).

Despite this growing body of evidence, UFPs remain exempt from any regulatory air quality standard 

or routine monitoring, unlike PM2.5 and NOx. No World Health Organization Air Quality Guideline level 

currently exists for UFPs, leaving populations exposed without any formal standard for safe exposure 

(WHO Global Air Quality Guidelines, 2021). It is within this context that this project sought to measure 

and quantify the emissions produced by the diesel canal tour boats operating in Copenhagen’s canal, to 

determine the associated health costs with their continued operations to residents and tourists.

Methodology

To quantify the effect of canal boats on local air quality, UFP concentrations were measured across 

multiple days at three sites in and around the Port of Copenhagen, building on data collected by a 

previous WPI team (Chan et al., 2025). UFP concentrations were measured using a TSI P-Trak 8525 

Ultrafine Particle Counter, alongside simultaneous measurements of wind speed with a handheld wind 

meter to account for atmospheric conditions that may affect plume dispersal. Three measurement sites 

were selected to capture boat emissions across different canal configurations and in areas frequented by 

both residents and tourists: Strombroen, a bridge located near a tour boat departure dock and where boats 

slow and some momentarily stall at a sharp and difficult bend in the canal; Snorrebroen, which sits along 

a straight pass through which most, if not all, tour boats travel due to nearby attractions; and Langelinie 

Park near the Little Mermaid statue, one of Copenhagen’s most visited tourist destinations, where crowds 

along the harbor are exposed to emissions from passing vessels (see Figure 5).

Figure 5

Map of Observation Locations across Copenhagen
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These locations provide a picture of canal boat emissions across both commercial and residential 

areas. Measurements were restricted to dry weather conditions, as the P-Trak 8525 cannot be operated in 

rainy conditions, with one location studied per day. Each measurement session was accompanied by field 

notes logging vessel activity, including boat name and company, and time of passage, as well as weather 

conditions and any other nearby sources of UFPs (passing trucks, smokers, etc.) that could affect 

readings. Measurements were conducted over two days at each bridge location and one day at Langelinie 

Park, for a total of five measurement sessions. Data quality varied across sessions due to device 

limitations and field conditions. Nonetheless, the sessions yielded enough reliable data to connect UFP 

spikes to specific canal boats when cross-referenced with field notes.

Results

Across all three measurement locations, ambient UFP concentrations between boat passages ranged 

from approximately 3,000 to 5,000 pt/cc (particles per cubic centimeter), providing a consistent baseline 

against which canal boats’ emissions could be measured.

Between all three locations, the most pronounced spikes were recorded at Stormbroen, where the 

canal’s sharp bend forces boats to slow and idle. As shown in Figure 6, peak concentrations at Stormbroen 

on June 2 reached 182,000 pt/cc, approximately 39 times above the ambient baseline, with the highest 

spikes attributed to the following canal tour boats: Fyrtøjet ( 158,000 pt/cc), H.C. Anderson ( 182,000), 

and Netto XI ( 182,000). Wind speeds at the time of measurements ranged from 0 to 11.3 km/h, which 

likely influenced plume dispersal and may have caused some readings to underrepresent true emission 

levels. Despite wind interference, canal boat passages were consistently distinguishable from the ambient 

baseline, producing clear and identifiable spikes throughout both measurement days.

Measurements at Snorrebroen revealed a similar pattern, though peak concentrations were lower, 

which is consistent with the boats traveling faster along a straight canal section rather than slowing at a 

bend. As shown in Figure 6, peak concentrations on June 3 at Snorrebroen reached 116,000 pt/cc, 

approximately 23 times above the ambient baseline, with the highest spike attributed to the following 

canal tour boats: Netto XI ( 116,000 pt/cc) and Netto X ( 95,500 pt/cc). Wind speeds at the time of 

measurements ranged from 0 to 17.5 km/h.
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Figure 6

UFP measurement graph on June 2 and June 3

UFP measurements at Stormbroen (left) and Snorrebroen (right), collected June 2nd and June 3rd, 2026, respectively. 

Each spike corresponds to the passage of a canal boat. Arrows identify the boats responsible for the highest recorded 

peaks; smaller unlabeled spikes represent other vessel passages.

Meanwhile, at Langelinie Park near the Little Mermaid statue, measurements captured a different 

exposure scenario, an open harbor environment where tourists gather at a greater distance from passing 

vessels than at the bridge locations, which results in more dispersed plumes. As shown in Figure 7, even 

at this greater distance, peak UFP concentrations reached 30,300 pt/cc, approximately 10 times above the 

ambient baseline, with the highest spike attributed to Netto X ( 30,300 pt/cc) and the combined passage of 

Prinsessen på Ærten and Klods Hans ( 15,500 pt/cc). Wind speeds at the time of measurements ranged 

from 0 to 5 km/h.

Figure 7

UFP measurement graph on June 16

UFP measurements at Langelinie Park on June 16th, 2026, shown at the same scale as Figure 6 (left) and at an 

adjusted scale for clarity (right). Each spike corresponds to the passage of a canal boat. Arrows identify the boats 

responsible for the highest recorded peaks; smaller unlabeled spikes represent other vessel passages.
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Seaplanes operating from Langelinie Park were also identified as a potential source of UFP emissions 

in the port. While data collection for seaplane emissions proved inconclusive, a previous WPI team 

recorded UFP concentrations of up to 80,000 pt/cc, indicating a significant health concern (Chan et al., 

2025). Taken together, measurements across all three sites confirm that diesel canal boats produce 

measurable and distinct UFPs spikes above ambient levels, with peak concentrations varying by location 

depending on canal configurations and distance from vessels.

AIS Data

Using maritime transponder data from June 10th, 2026, we isolated Stromma’s identifiers, allowing us 

to analyze their movements. Using a custom Python program, we logged the duration each vessel was 

moving at or below 1.5 kn, which is when the engines are least efficient. This data was then plotted into a 

heat map using kepler.gl. The large heat signature in the top right of the figure, this location is where all 

of the Stromma boats dock at night. Other groupings appear during tight turns, tour docking locations, 

and at tourist attractions like The Little Mermaid statue.

Figure 8

Idling Activity of Stromma Boats

Analysis

The concentrations recorded during canal boat passage carry significant implications for the health of 

residents and tourists exposed along Copenhagen’s canals. At Strombroen, peak concentrations of 

182,000 pt/cc represent approximately 9-18 times the WHO indicative threshold for high UFP 

concentrations of 10,000 to 20,000 pt/cc (WHO Global Air Quality Guidelines, 2021) and exceed by 59 

times the concentrations already linked to a 13% increase in COPD mortality and an 8% increase in 

asthma hospitalizations in Copenhagen residents within 48 hours of exposure (Bergmann et al., 2023). 

Even at Langelinie Park, peak concentrations of 30,300 pt/cc still exceeded the lower end of this 

threshold, surpassing by 10 times the level linked to a 6% increase in pneumonia hospitalizations in 

children within three days (Bergmann et al., 2025).
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The health risk is compounded by the size of the particle produced. As established, the size of diesel 

particles means more than half of the concentrations recorded at all three sites would deposit directly in 

the lungs of those exposed. While measurements were taken at three sites, anyone along Copenhagen’s 

canal routes is exposed to these concentrations during boat passages; residents living alongside the canals 

face repeated exposure throughout the operating season, while tourists, though typically visiting once, are 

not exempt from the immediate health risks. Children are of particular concern, as short-term UFP 

exposure at these concentrations has been linked to significant increases in hospital admissions for 

respiratory infections and pneumonia in children under 15 in Copenhagen specifically (Bergmann et al., 

2025). For residents facing repeated exposure, the long-term health burden is significant. A 2026 

systematic review found a 6% increase in natural mortality per 10,000 pt/cc increase in chronic UFP 

exposure (Bergmann et al., 2026), a benchmark made all the more concerning given that peak 

concentrations at all three sites far exceeded the 10,000 pt/cc increments on which this mortality increase 

is based.

Calculating Tour Boat CO2 Emissions

The municipality has made a clear goal of becoming carbon negative by 2035. Naturally, it is 

important to eliminate all forms of CO2 emissions that they can. With the carbon emissions numbers of 

the tour boats, this may be a motivating factor for the city to take action.

Methodology

To calculate the total amount of CO2 produced in a year by a tour boat, the goal is to find the amount 

of fuel (HVO) that each ship burns. To calculate fuel consumption, information about the number of boats 

owned by the tour boat companies and the specifications of the boats. The first place we chose to look 

was the Danish ship registry. The registry offers a public historical database of all the registered ships in 

Denmark. When searching by owner, the registry gives all boats owned by that particular owner. We were 

able to determine the number and names of all the boats registered by Stromma. The ship registry 

(Figure 9) contains data about each of the boats’ lengths, widths, engine brands, engine year, and engine 

type.
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Figure 9

Technical information in the Danish ship registry for Stromma’s ship, the Prinsessen På Ærten

Engine information is vital when determining fuel consumption. Different engines have different 

efficiencies at different points. The engine information given was enough for us to find the specific model 

of engine for most (10 out of 15 diesel Stromma boats). The specification sheets for the engine models we 

were able to find contained graphs or tables that showed the RPM vs. crankshaft power (kW) (Appendix 

B) and RPM vs. Fuel Consumption (L/hr) (Appendix B). We synthesized this information into the 

Crankshaft power vs. Fuel consumption (Figure 10)

Figure 10

All available Stromma boats Fuel Usage vs Crank Shaft Power
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We estimated that the crankshaft-to-propeller efficiency was 28.75%, as the 3-blade propellers have a 

low efficiency when the propeller has a lower RPM. We estimated this since the propeller is often 

operating at low speeds; the efficiency was 30%, and the gearbox efficiency is about 95%, as it is a pretty 

standard efficiency for gearboxes of diesel engines (Molland et al., 2017). We applied the propeller 

efficiency to the given crankshaft power variable from the specification sheets. This put the crankshaft 
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power into the same terms as the calculated thrust (see Appendix A for equations) from our calculated 

thrust required values (Figure 11).

Figure 11

The calculated relation between the Speed of the tour boat (knots) and the Crankshaft Power outputted 

from the engine
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When we have fuel usage as a function of thrust and speed as a function of thrust (Figure 11), the two 

functions can be combined to calculate the Fuel usage in terms of speed (Appendix C). In our Stromma 

tour boat ride, we determined that the average speed of the canal tour boats was about 5 knots. From this, 

we were able to determine the fuel consumption at the average speed per tour for each of the tour boats; 

the figure that we found was 10.7L/tour. This number was confirmed when we asked Stromma mechanics 

for an average fuel consumption per hour, and they said it was 12L/hr.

With the daily average, we can calculate the yearly average by taking the number of confirmed 1hr 

tours and multiplying it by the number of tours. It was found that there are 12,752 tours in 1 year. This 

gives us 136,446.4L used by Stromma in one year. With the fuel consumption numbers, we can finally 

find the total consumption of CO2 per tour.

Results

The total CO2 emissions are finally calculated by multiplying the 10.7L of HVO consumed per tour 

by 2.43 kg CO2 per liter of HVO used (GOV UK, 2021) we can then get the total of 26.2kg of CO2 

produced per tour. We can compare this to the amount of CO2 produced by a tour on one of Stromma’s 

electric boats; we can see the CO2 emissions from the electric diesel are about 15 times larger. To put this 

value into further context, it is more than 5 times the amount of CO2 produced by the average Danish car 

in a day. Although the daily Danish household CO2 average is larger than one tour, it is still comparable, 

and when you consider there is often much more than a single tour in one year.
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Figure 12

Stromma emissions in one tour compared to a hypothetical Stromma Electric Fleet and other common 

daily polluters
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When looking at the annual averages in metric tons, Stromma produces 334 metric tons of CO2 per 

year. This is again far more than what a completely electric Stromma fleet would produce in the same 

timeline. To put these numbers into further context, the annual emissions of Stromma are about equivalent 

to 24 households’ yearly emissions and 210 cars’ yearly emissions.

Figure 13

Stromma emissions annually compared to annual emissions of a hypothetical Stromma Electric Fleet and 

other common polluters.
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While the CO2 emissions are a small fraction of the total emissions of the municipality, it is clear that 

electrification would have a significant impact. Reducing CO2 emissions, even in small ways, will be 

beneficial in the long run. The reduction of CO2 emissions also pushes the city closer to its goal of being 

Carbon Neutral by 2035. These calculations also let us get an idea of the scale of CO2 that comes from 

these types of boats. Other tour boats in the harbor have similar specifications to the Stromma ones 
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without the use of HVO. These numbers demonstrate a clear benefit of electrification of tour boats. With 

a clear problem established, work on the challenges that stand in the way of electrification can begin.

Electrification and Electrical Grid Infrastructure Costs

Background

To electrify the canal boats before 2037, the technology must be available to electrify them. 

Additionally, adding a sizable quantity of electric boats that all need to be charged concurrently presents 

challenges for the electrical grid. Copenhagen features two types of canal tour boats, covered ones for bad 

weather and an uncovered style. The covered boats in particular are a challenge to electrify. Due to the 

rigid canopy that must account for passengers standing when walking to their seats, the floor of the boat 

had to be lower on the boat than it is for the uncovered boat so the boat could still pass underneath some 

of Copenhagen’s low bridges. By lowering the floor, there is less available space underneath for storing 

batteries. In boats that are made from the start as electric, this is not an issue as the hull shape can be 

changed to provide the needed space. This is not an option for retrofitting the covered boats, as changing 

the hull would be extremely cost-prohibitive.

High-power rechargeable batteries have come a long way from lead-acid car batteries; now 

formulations like lithium iron phosphate (LiFePO4) and nickel manganese cobalt (NMC) predominates 

the market. For maritime applications, LiFePO4 is generally preferred over NMC due to its longer 

lifespan, lower cost, and greater safety, at the cost of some energy density per volume (Evro et al., 2024). 

Regardless of the chemistry, modern rechargeable batteries suffer some limitations that complicate boat 

electrification. Like all batteries, LiFePO4 batteries will degrade over the course of their life as they 

undergo charging cycles (discharge and charging). Due to modern chemistries, this is less of an issue now, 

with LiFePO4 batteries able to last over 2000 charging cycles (Evro et al., 2024). Climate is also 

problematic for recharging batteries, with cold temperatures impacting both charging efficiency and 

overall capacity; in some scenarios, it is necessary to warm up battery packs prior to charging them.

Methodology

To determine the impact on the electric grid, we calculated the electrical load based on a 3-phase 

network operating at 400 volts. The formulas used for electrical load sizing are as follows:

• AC Power Input: 𝑃𝐴𝐶 = 𝐸
Δ𝑡⋅𝜂

• Apparent Power: 𝑆 = 𝑃𝐴𝐶
𝑃𝐹

• Line Current: 𝐼𝐿 = 𝑆√
3⋅𝑉𝐿

Where 𝐸 represents the required battery energy capacity (kWh), Δ𝑡 is the charging duration (hours), 𝜂 

is the efficiency, 𝑃𝐹  is the power factor, and VL is the line-to-line voltage (400 V).

To estimate the annual energy consumption, several baseline constants needed to be established. 

These include engine efficiency, electric motor efficiency, charging efficiency, and average power draw 

during a tour. We estimated 15% engine efficiency for the diesel boats due to their poor efficiency under 
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low loads. This was calculated based on the average kW rating of the engines found on Stromma’s boats 

and an estimated 17.62 kW of power needed for a tour. The electric motor efficiency was obtained from 

Stromma directly, at an efficiency of around 97%. We assumed an energy loss of 5% when charging, 

making the chargers 95% efficient.

Electricity pricing was obtained from Denmark’s national statistical authority, StatBank, using the 

following parameters: Consumption between 20 and 499 MWh, pricing including taxes, for the period 

2025H2.

To obtain fuel pricing, we picked HVO 100Bio as the specific type of HVO being used, as it was the 

only HVO fuel we could find pricing for in Denmark. Pricing was obtained from DCC Energi A/S, taking 

an average over the 2025 calendar year of the price including taxes, but excluding Value Added Tax 

(VAT).

Costs of Boat Electrification

Stromma has recently procured a modern non-covered electric tour boat to serve as a model for future 

electrification. Using this design, Stromma estimates that retrofitting each of their open-air boats would 

cost around 4,500,000 DKK (685,901.37 USD). Using this information, we created a simple program to 

calculate the return on investment (ROI) period based on how many boats are converted annually. The 

program only accounts for ROI based on the savings from fuel costs as calculated below.

Figure 14

Cumulative Financial Impact from Annual Fleet Electrification Rate
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Required Infrastructure

Based on published specifications from one of Stromma’s electric tour boats used in Amsterdam, 

Netherlands, the energy demand to charge each ship can be estimated. Overnight charging (8-10 hours) 

for this boat with a battery capacity of 172 kWh would require an apparent power demand of 24.6 kVA. 
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Assuming all 17 of Stromma’s tour boats were identical and needed to be charged each night, a total 

demand of 418.2 kVA would be required. This presents some problems for Stromma’s current wharf 

location, as the electric grid there is currently at capacity. Due to plans to develop this land in 2037, 

Stromma is not allowed to upgrade the electrical grid infrastructure at their current location.

Economic Feasibility Analysis

To calculate the price difference between a fleet of boats using HVO fuel vs. electricity, we took the 

average HVO 100Bio fuel cost over the 2025 calendar year and the average electricity costs as previously 

defined. We devised an estimate of the electricity used for each boat per standard canal tour (1-hour 

duration). On average, Stromma completes a minimum of 12,752 tours annually based on its published 

timetable. Taking this number along with the 12 liters of fuel per hour obtained from Stromma, the cost 

for them to fuel their boats for an entire year with HVO would be an estimated 3,071,038 DKK. Using the 

engine efficiency values as previously defined and the energy density of HVO, an estimate for the 

electricity used per hour was calculated at 17.62 kWh. For an all-electric fleet, based on the average price 

per kWh in the latter half of 2025, it would cost them 226,084 DKK to charge the fleet annually. This 

equates to an annual savings of 2,844,953 DKK.

In an interview, Stromma’s head of maintenance, Mads Nissen, stated that the maintenance costs for 

their electric boats are practically nothing. However, the Business Unit Director of Stromma Denmark, 

Mads V Olesen, noted that unknown issues can occur and the lack of institutional knowledge surrounding 

the new technology can keep a boat out of use for a long time, as had previously happened to them. This 

issue would be expected to drastically decrease as Stromma becomes more familiar with the new 

technology and how to diagnose and repair any issues. With this in mind, it is difficult to put a figure on 

how much could be saved in maintenance costs by electrification. In the long term, the costs would likely 

be negligible compared to diesel; however, in the short term, the lack of experience diagnosing the 

electric systems could incur some costs in lost potential revenue.

Opinions of Tourists

Methodology

To determine whether the electrification of canal boats may increase business among tourists in 

booking a canal tour, we interviewed tourists near the tour boat docks in Christiansborg and Nyhavn. We 

looked into whether tourists would be more likely to choose an electric tour boat and whether they would 

be willing to pay more for the tour. To accomplish this, our team conducted a convenience sampling 

survey. We asked a series of questions, some direct yes-or-no questions, i.e., whether the respondent 

would be more willing to take an electric tour boat over a tour on a diesel boat. Two questions used the 

Likert scale to determine how much a consumer factors environmental impact into their travel activities. 

We planned to seek respondents from multiple countries since Copenhagen is visited by tourists from all 

over the world who have different views and backgrounds on environmental issues. The survey did not 

collect personal information except for the respondent’s nationality. Since our team speaks English, we 

theorized that we would receive respondents from predominantly English-speaking countries. Our goal 
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was to keep our survey short and concise while gaining the most amount of information as possible from 

our respondents. We hoped this would increase the likelihood that a tourist would take our survey.

The first section of the survey gathers information on the nationality of the respondent. The second 

section of the survey is values; the values section determines how much environmental consciousness 

factors into their decisions when making purchases in general and on vacation. The most specific section 

of the survey is the attitudes section. The attitudes section determines whether an electric tour boat is a 

more appealing service than a diesel tour boat, and if the respondent will pay more for an electric tour 

boat. We also ask if a more sustainable company image would make the respondent more likely to 

become a repeat customer.

Results

During our collection, we handed out flyers around Nyhavn and Christiansborg, two popular places 

for tourists to take a sightseeing canal boat tour. We handed out approximately 120 flyers across multiple 

days and received about 12 responses, equaling a response rate of 10%. Due to the low number of 

responses, the results of the survey cannot be generalized to a greater population. However, there are still 

some interesting ideas that can be concluded from the survey.

The first section of the survey asks respondents how environmental impact affects their purchase 

decisions in general and on vacation. Overall, the results showed mixed feelings about how environmental 

impacts affect what to buy, both generally and while on vacation (see Figure 15). However, the 

respondents considered environmental impact higher than general purchases compared to travel prices. 

This trend suggests that there is less of a focus on green alternatives while on vacation, though the reason 

for this difference is not given. While it is possible that this could be due to the relaxed travel attitudes of 

tourists, another possible answer is that there is less of a focus on sustainability initiatives in the tourism 

industry.

Figure 15

Rating Tourists’ General Environmental Awareness when Making a Purchase
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Figure 16

Rating Tourists’ Environmental Awareness when Making a Purchase on Vacation
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For the next two questions, we surveyed respondents’ preference for electric canal boats and 

environmental friendly tour operators. The results show that two-thirds of respondents stated they would 

be more likely to choose an electric tour boat over a diesel tour boat (see Figure 17). Similarly, a majority 

of respondents also stated they would be more likely to repeat a touring experience with a company that 

they view as more environmentally friendly (see Figure 18). These results suggest that if there were an 

alternative option to diesel available, customers may opt to take their business to a more environmentally 

friendly alternative. In addition, Stromma could stand to benefit from the return visits, as they have many 

locations across Scandinavia. Having more environmentally conscious operations not only benefits the 

city but also the company’s success.

Figure 17

Determining Tourists’ Preference to Electric or Diesel Boat

Yes
66.7%

Makes no difference
33.3%

Would you be more likely to choose an electric tour boat over a 
traditional one?
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Figure 18

Comparing Tourists’ Likelihood to Reuse a Touring Company

More likely
58.3%

Does not change
33.3%

Less likely
8.3%

Would you be more likely to use touring services from a company again, 
if you view the touring company as more environmentally friendly?

Lastly, the final question asks how much more, if anything, a customer would be willing to pay for a 

boat tour. Out of the 12 respondents, only one stated they would not be willing to pay more for an electric 

tour boat (see Figure 19). The rest of the respondents stated that they would be willing to pay more, with a 

majority giving a range of 10 to 50 kroner additional. Even though there were mixed opinions on 

considering environmental impact with purchases and a chunk of respondents wouldn’t be more likely to 

take the electric tour boat, there was still a willingness to pay more for the experience, suggesting that 

operators could more easily recoup costs for the electrification of their canal boats. In addition, these 

results suggest that electrification could lead to an increase in customer sales. Lastly, tour boat operators 

could also see more brand loyalty from the electrification if their customers view themselves as more 

environmentally aware.

Figure 19

Determining Tourists’ Willingness to Pay More for an Electric Canal Tour

50 DKK to 100 DKK
25.0%

0 DKK
8.3%

0 DKK  to 10 DKK
25.0%

10 DKK to 50 DKK
41.7%

Would you be willing to pay more for a tour on an electric boat vs. a 
diesel engine tour boat?
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Recommendations

To support the transition to a fossil-free harbor, we have created recommendations to important 

stakeholders in the harbor, the municipality, By & Havn, and canal tour boat operators.

Find a Permanent Location for Canal Boats

The current location that canal boat operators use for storing canal boats overnight as well as charging 

electric boats is under consideration for further development, leaving the canal boat operators without a 

location to store boats. Without a long-term location, these investments are not economically sensible. 

Stromma’s current docking site also doesn’t have the grid infrastructure and cannot support more chargers 

for electric boats.

Finding a long-term permanent location for the canal boats with a strong electrical grid would make 

investments for electrifying boats more feasible. The canal boat operators wouldn’t need to worry about 

losing access to their charging infrastructure if they made their investment. With this possible drawback 

eliminated, the benefits of electrification, especially with lower operational and maintenance costs, would 

more easily outweigh the downsides. Thus, by providing a permanent location for canal boats in the 

harbor, the city would provide an inexpensive incentive to electrify the fleet.

Create an Extension for Canal Boat Operations

Currently, the contracts for sail rights in the Copenhagen harbor are set to expire in 2037. If Stromma 

electrifies its remaining fleet at around two boats per year, they expect to finish by about 2035. It would 

be ideal to convert more boats per year and reduce the amount of UFPs being produced, but two boats per 

year should be the floor for a potential contract. One way to combat this obstacle is to provide an 

extension based on the electrification progress of the fleet. The canal boat operators would obtain an 

extension for sailing rights as they make progress in electrifying their fleet. Thus, what was once an 

obstacle is now becoming an incentive to electrify the fleet. If Stromma wants a contract in 2037, they 

must electrify, so any additional incentives would just be to remove diesel boats at a faster pace.

Coordinate Between the Municipality and By & Havn

To implement our recommendations and further accelerate the transition, the Copenhagen 

municipality and By & Havn should establish a shared mission and office to implement suggested or 

similar policies that incentivize electrification. During our research, we found that By & Havn operates 

almost completely separate from the municipality. However, to effectively tackle the harbor pollution, it 

would be beneficial for a more cohesive approach to this issue. By & Havn is focused on developing the 

harbor, not necessarily creating a greener harbor, although according to a citizen representative on the By 

& Havn board, Kristina Ammitzbøll-Bille, the company’s attitude is shifting. As much of the power over 

the canals rests in By & Havn’s authority, the Municipality needs to work with By and Havn to increase 

the focus on green efforts in the canals and implement the policies that would bring about positive 

environmental changes.

Focus on Fair Competition

The current situation of the canal tour boat contracts is because, in 2019, a 17-year-long contract was 

signed. This contract has limited the ability for electric boat touring companies to enter the harbor. 

Competition may have pushed Stromma to electrify sooner; having a contract that extends that long was 
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not a smart move from a competition point of view. Future contracts By & Havn signs with the 

commercial tour operators should not stretch for as long as the 2037 contract, as Copenhagen is an ever-

changing city with new and developing priorities.

Relocate Seaplanes away from Residential Areas.

The current location for the seaplane dock is Langelinie Park, next to a park and a busy tourist area. 

While our collected data on UFP emissions was inconclusive for seaplanes, available data shows that the 

noise levels from the seaplanes are an issue with serious health implications. A location should be found 

where isolation or previous infrastructure makes it so the plane does not pose a harm when taking off and 

landing. One idea that should be further looked into is the possibility of having the seaplane dock near the 

Copenhagen airport; then the seaplanes would not be intruding on an area not set up for such loud noise 

pollution.

Shift Canal Boat Operations away from Nyhavn

Currently, Nyhavn is the major location where canal boats dock to let guests on and off. However, the 

size of the canal limits canal boat operations to only two companies. Thus, any company that wants to 

start touring operations in Copenhagen would be at a significant disadvantage because they couldn’t 

access the most important location. By moving the operations away from Nyhavn, it would allow more 

companies to get a footing in the canal tour business. These new companies could then start completely 

electric, competing with diesel operations and pressure for current operators to electrify.

The Current Tour Boat Electrification Paradox

Electrification will benefit all the parties involved; Stromma will benefit financially, and the 

municipality will achieve a cleaner harbor. The current state of the issue is that all stakeholders want to 

move towards electrification. Despite this fact, the number of tour boats electrified has been 

underwhelming. The municipality holds no power to force a change from Stromma in the short term. 

They know that Stromma has to electrify at or before 2037 if they want a contract. This does not motivate 

Stromma to electrify in the short term; they want a guarantee that they will be able to sail past 2037 while 

they invest in infrastructure. So nothing will happen in terms of electrification until it is time for a new 

contract without one side making concessions. In our view, this is inadequate; the health effects from 

these boats are too great to ignore. By & Havn should work to offer a deal so that negotiations can begin 

with Stromma. Stromma has an incentive to begin electrification, as the end of the contract without 

electrification will leave room for them to lose their contract with the city. Copenhagen is one of their 

biggest operating centers; it would be a significant portion of the company to lose. From a purely health 

and environmental perspective, By & Havn should offer a contract that both parties can agree to, that will 

guarantee a reasonably paced conversion. In our view, it is in Stromma’s best interest to sign this contract, 

as they will not have to face competition by 2037 for a contract. It is important to acknowledge that, from 

a competition perspective, not offering other companies the opportunity to fight for the contract is not fair 

competitive practice. This is a trade-off that will have to be dealt with unless there is legislation passed by 

the national government to make the harbor fossil-free. This type of action has been talked about, but not 

something that is confirmed to be in progress. In our analysis of the situation, the health effects are too 

large for this standoff to continue. All parties involved need to move towards a solution. The ideal 
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solution guarantees an immediate beginning to electrification, while also ensuring fair competition for 

other touring companies.

Conclusion

Electrifying canal boat operations in Copenhagen would not only improve the lives of locals near the 

canal but would also be an important step in tackling carbon emissions in the harbor. Thus, working with 

canal operators and local administrations to create a long-term plan to electrify the boats before 2037 

would prevent continued pollution and aid Copenhagen’s goal to become carbon neutral by 2035. We are 

thankful for the help that members of the community, city, and companies provided us. Our experience 

working on this project has shown that sustainability initiatives are complex and difficult, but we are 

excited by the progress Copenhagen has made towards becoming carbon neutral. We hope that our 

recommendations are able to provide ideas to help the transition towards electric canal operations in 

Copenhagen.
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Appendices

Appendix A

CO2 Calculation formulas

Equations found from Molland et al. (2017).

1. Reynolds Number:

𝑅𝑛 = 𝑉 ⋅ 𝐿
1.14 ⋅ 10−6

• L = Length of Vessel (m)

• V = Velocity (m/s)

2. Friction Coefficient:

𝐶𝑓 = 0.075
(log(𝑅𝑛) − 2)2

3. Resistance Force of Water (N):

𝑅𝑓 = 1
2
⋅ 𝜌 ⋅ 𝑊𝑆𝐴 ⋅ 0.514𝑉 2 ⋅ 𝐶𝑓

• 𝜌 = Water density kg/m3

• WSA = Wetted Surface Area (Area Submerged in Water)

• V = Velocity (m/s)

4. Effective Power (kW):

𝑃𝑒 = 𝑅𝑓 ⋅ 0.514𝑉𝑘𝑛

• Vkn = Velocity (kn)
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Appendix B

RPM
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Appendix C

Ships: H. C. ANDERSEN & SOMMERFUGLEN 

Motor: Volvo Penta, TAMD 63 LA

Motor RPM Thrust (kW) Speed (kn) Fuel Consumption L/hr 

1000 4.845 4.18 7.14

1200 7.98 4.99 11.20

1400 11.685 5.70 15.96

1600 15.96 6.36 21.56

1800 21.66 7.09 28.84

2000 27.93 7.75 36.54

2200 35.625 8.44 46.20

2400 44.175 9.11 57.12

2600 53.865 9.76 71.12
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