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Abstract

We partnered with Miljgpunkt Indre By & Christianshavn to collect data and create
materials to support a zero-emission zone for tour boats and seaplanes in Copenhagen’s
harbor. We measured air pollution and noise levels from canal tour boats and seaplanes
at high-traffic locations. Our data demonstrates that air pollution and noise levels exceed
safety thresholds set by the NIH and Danish EPA. We featured this information in multiple
resources, including a website, informational flyers, email list, and articles. We presented
our recommendations to Miljgpunkt and the local committees for Indre By and for
Christianshavn, and the issue was featured by local media. Our recommendations outline

steps for stakeholders to create the zero-emission zone through a citizen’s initiative.

Figure 1: The Nyhavn Canal (Photo credits: Zach Chan, June 18, 2025)
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public support. Therefore, we pursued our objectives in two phases, first collecting data
and second, strengthening the social and political resources to advance further
changes.

Phase One: Collecting and Updating Data to Build

Persuasive Stances

First, we collected data needed to gain support for the latter phase of this project.
Ultrafine particle (UFP) and sound level data were collected at areas where high
populations of people are most likely to be affected. Locations for data collection were
the following:

¢ Langelinie Park playground next to seaplane dock

¢ Refshalegen waterfront near Reffen food court

¢ Nyhavn canal entrance near harbor boat dock

Locations for data LA S “
collection included 7 e -
. - o 0 ;‘ £
the following: <y ,ﬂ. N Refshaleaen
X 'S I ‘
Playground near the Nordic NS .‘
9 Seaplane dock and the famous &, Q{
“The Little Mermaid” statue 3 3 '

Refshalegen waterfront, near a S/QIEXS;
popular food court and multiple pS=E S
residential areas

Nyhavn canal opening to the
harbor, where people wait for
the harbor bus

Figure 2: Map of measurement locations (Adapted from Google Maps, 2025)
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Air pollution at Nyhavn and Refshalegen

Refshalegen was selected for measuring UFP emissions from the seaplanes due to its
downwind location from the canal pathway where the seaplane taxis for arrival and
departure, as well as its close proximity to high-traffic areas such as the Reffen food

court and the nearby residential complexes.
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Figure 3: Seaplane emissions in the northern harbor, Refshalegen, over a one-hour period

Figure 3 above displays the emissions readings taken from the side of the harbor at
Refshalegen during a seaplane departure and landing sequence. Throughout the hour-
long recording, the ambient UFP levels were below 5,000 pt/cc (identified by the dotted
red line) but increased to over 80,000 pt/cc, over 16 times the typical levels that
passersby are exposed to, as the plane passed by about 100 meters away in 6m/s
winds (14mph). During the takeoff sequence we experienced a spike of 65,000 pt/cc.
elevated UFP levels were sustained for almost 5 minutes during both the takeoff and

landing sequence.
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June 2nd 2025 Nyhavn Canal Ultrafine Particle Readings
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Figure 4: Tour boats in Nyhavn Canal emit excessive ultrafine particles

Figure 4 displays the emissions readings taken from the harbor bus dock in Nyhavn. We
selected this location due to Nyhavn’s popularity as a tourist attraction, its proximity to
the frequently passing tour boats, and to simulate the potential exposure for those who

regularly wait at the dock for the harbor buses during their daily commute.

Over the span of an hour, several spikes reaching over 70,000 pt/cc occur when either
Stromma or Netto-Badene boats accelerate to exit the Nyhavn canal. The potency of
UFP readings varies depending on acceleration from each boat driver. Also, the
hydrotreated vegetable oil (HVO) used by Stromma boats shows no significant
improvement in UFP emissions in comparison to typical diesel fuels used by Netto-
Badene. In all cases, the spikes caused by tour boats increase the surrounding air by
up to 15 times the ambient level of 5,000 pt/cc.

Noise Pollution in Recreational Areas

We recorded noise levels during seaplane takeoff and landing sequences that reached
dangerous levels. As shown in Figure 5 on the following page, the raw noise from a 90-
second docking sequence not only exceeded the 50 dB limit guideline for airfield sound
levels at non-overnight recreational areas recommended by the Danish Environmental

Protection Agency (EPA), but it also exceeded 85 dB, where, according to the National

Institute of Health (NIH), hearing damage can occur. The maximum level we recorded
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was around 94 dB, which is significantly above the 85 dB threshold where hearing loss
may occur. Additionally, there wasn’t a single point throughout this sequence where the
sound dropped to or below the Danish EPA’s 50 dB standard for this area.
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Figure 5: Noise pollution at Langelinie Park exceeds recommended levels. May 21, 2025.

Sound levels recorded in Refshalegen did not result in a graph that displayed consistent
spikes above ambient levels. However, sound levels of up to 77 dB were reached on
the sound meter, and the sound was reported to have echoed throughout the harbor by
group members in different locations of the area, which is disruptive enough to interfere
with passersby in Reffen, a popular food court and recreational area, or the residents
living in Urban Riggers, a floating apartment and housing complex in Refshalegen.

Throughout the data collection process, the graphics were continuously revised using
feedback from regular meetings with the Miljgpunkt work group, and experiments were
run often to gather data at different locations and dates in order to optimize the strength
of data correlation while avoiding confounding variables such as weather conditions,
ambient noise, and other factors that could lead to noisy data.

Some of the data collected was inconclusive due to external factors. UFP readings were
initially taken at the Stromma tour boat dock by the Little Mermaid, but variable wind
speed and direction dispersed emissions unevenly, making it difficult for our instruments
to accurately measure. Additionally, city noise and other nearby vehicles may have
influenced measurements at Stromma tour boat dock, Nyhavn, and Refshalegen,
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causing variability in data. It should be noted that inconclusive findings are not indicative
of a lack of impact, but rather may indicate technical and confounding variables.

Phase Two: Building Social and Political Support for Change

Phase Two focused on the execution of
objectives 2 and 3, as we used our data,
knowledge, and messages to gather N \ :
support from target audiences. T .M‘- T A | DD | :

Flyers and Website

Interviews were held with a

NDRE SY & (‘HRIQTU’\NQN/\VN

communications professional for Indre By

and Christianshavn from city hall, and AR[ YOU BR[ATH‘NG "
Suzie O’Hair, a marketing professional ‘
with campaigning experience in CI-[AN A|R7
California, USA. These interviews gave

us insight regarding strategies to attract m TO I'EHRN ﬁ
interest by creating messages that HOUI YOoU CHN HELP :

resonate with target communities. The STOP POLLUTION |N *
guestions used in these interviews can -
OUR CANALS! [=

Following the advice from the interviews, Figure 6: A flyer posted around Copenhagen

be found in Appendix A.

we developed flyers, a short-form website,

and a website with our findings to attract attention and share information about diesel-
engine tourism vehicles. The flyers were designed to capture the attention of onlookers
and were placed in areas of high population, such as schools or restaurants, and
included QR code to a shortened website to quickly inform readers of the greatest
issues posed by the major tourism companies using diesel engines, where users can
choose to also visit a link to a more in-depth page with the findings of this project. The
websites contain a link to a form where viewers could join an email list, leaving

Miljgpunkt with a communication line to a group of people who wish to be kept in the
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Presentations at local committee meetings in Indre By and in Christianshavn provided
us with the opportunity to inform these civic
leaders about the extent to which the tour
boats and seaplanes are polluting their
canals. Here we were able to recommend a l' %b |‘$
H'Er

i)
set of steps that could be taken by the city w

—r‘ﬂ-‘u i

that could assist in encouraging the - “%ﬂllﬁ"m"ﬂl N -

implementation of a zero-emission zone and

hold discussion on important topics of

concern.

Figure 7: Presentation to Indre By Local Committee, June
Electric boat charging 12, 2025

At our local committee meetings, we received many questions about the technicalities of
a large-scale boat conversion, including the responsibility of funding and building
charging stations. To find an answer to this question, we conducted an interview with a
co-owner of Clean eMarine, a Danish-based company with experience in transitioning
commercial and recreational boats to electric power. One of the essential takeaways of
this interview was the responsibility of the companies to initiate the transition to electric
power, of the city to create a grid capable of supporting the chargers needed to sustain
electric tourism in the canals, and of both parties to acquire the charging stations to

allow electric boats to run in a zero-emission zone.

Recommendations

We believe that the best way to move forward is equal action on the part of the city,
companies, and citizens to hold each other accountable through the actions below.

For Miljgpunkt and the Local Committees in Indre By and Christianshavn:

o Expand the email list to increase outreach to groups passionate about pollution

within the canals so they will already have a significant number of supporters for
a citizens’ initiative once they start it.

e Hold public outreach events to build social support for a citizens’ initiative:

This serves to inform the public and gain support for the citizens' initiative.

xii
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Identify and connect with target communities to build social support for our
cause
Create resources to encourage social and political change and empower

community stakeholders

By pursuing these objectives, our project provided recommendations for Miljgpunkt and

other stakeholders to develop the social and political support for a citizens’ initiative to

establish a zero-emission zone.

Figure 8: Windmills seen from the North Harbor. Photo credits: Anna Beaver
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Figure 15: Seaplane Emissions spread throughout the Northern Harbor. Recorded at Refshalesen on June 17, 2025.

The measurement location along the edge of the canals is also a site where lawn chairs
are often placed for the tourists and residents enjoying the Reffen food stands and
events, making it a high-traffic area. Notably, this location is located near Urban
Riggers, a collection of apartments and residences in Refshalegen. Exposure to these
UFP spikes strongly suggests the potential for various health risks that residents and
visitors alike may experience when these planes enter and exit the harbor.

Although research into ultrafine particles is relatively new and no exact standards exist

yet, many recent studies have linked high levels of UFP exposure to different health
issues such as cardiovascular disease, respiratory disease, and childhood asthma. The
seaplanes take off and land either six or twelve times a day, six from the usual three
daily flights to Aarhus and back, and another six depending on if they offer tours that
day, which are usually every hour from 11:00 to 13:00 (Nordic Seaplanes). With the
amount of consistent traffic Refshalegen receives, the frequent pollution exposure is an
extreme health hazard to anyone who either lives in Refshalegen, visits frequently or

works nearby.
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frequent exposure to the tour boats in Nyhavn can be very dangerous to anyone,
especially those with any preexisting respiratory or heart issues.

The variance in UFP emissions between boats may be due to a variety of factors,
including sudden changes in wind speeds, directions, and gusts, and the different rates
that certain drivers accelerate in and out of Nyhavn. We also observed that the UFP
levels of boats entering the port tend to be lower than when they leave, which is also
correlated to their accelerations. However, after finishing our recording on May 26" a
tour boat entered the canal and the P-Trak 8525 spiked beyond 80,000 pt/cc, showing
that in either direction the tour boats still pollute a very significant amount.

It is worth noting that throughout our recording, harbor buses came by often and
transported large crowds of regular commuters, increasing the amount of people in the
area; however, these harbor buses have no spikes on the graph because as an electric
vehicle they produce no ultrafine particles, and the noise pollution produced was

minimal and blended in with ambient levels, showing how compared to electric boats

these diesel engines are terrible for the local area.

Figure 17: Yellow electric harbor bus passing by Refshaleoen (Dante Nguyen, June 17, 2025)

A final note is that although Stromma uses hydrotreated vegetable oil instead of diesel,
a supposedly healthier fuel, there was no indication that their boats produced lower UFP
levels than Netto-Badene's boats, which we suspect to be running on diesel due to the
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During this sequence, the plane’s engines peaked at 94 dB. Over time, such levels
produced by the 6-12 daily takeoff/docking sequences could cause significant hearing
damage to frequent park visitors or locals who work in the various local shops and

snack bars.

It should also be noted that young children were present at the playground within 30
meters of the seaplane dock. Children are often more susceptible to the effects of
excessive sound levels due to being in a growing and developmental phase of their
lives (Balk, 2023).

Additionally, at the Nordic Seaplane dock, we observed seaplanes refueling while the
planes were docked. During the fueling process, fuel could be seen dripping from the
nozzle of the fuel pump into the harbor as it was being removed from the seaplane.
There have been no further observations of fueling at the Nordic Seaplanes dock, but
the presence of the fuel pump suggests the risk for fuel to regularly leak into the water
by the Little Mermaid if all refuels occur at this dock, which over time could harm any life

in the nearby water.

Figure 21: Nordic Seaplane docked at Langelinie, fueling over the water with no visible
drip-prevention system. Photo Credits: Thomas Gray, May 2025




Seaplane Noise Levels Recorded at Refshalegen

Figure 22: Seaplane and Stromma tour boat passing by Refshaleoen (background), Urban Rigger housing measurement site
(overlayed). Photos by Thomas Gray and Dante Nguyen, June 17, 2025.

While recording ultrafine particle levels at Refshalegen, we also recorded the noise
levels of the seaplanes taxiing to their takeoff zone and back to the dock. As the plane
was somewhere in the ballpark of 100 meters away from us and the taxiing process is
relatively quiet compared to the docking and takeoff our data from this process was

inconclusive.

However, we followed the seaplane to the northern edge of the Reffen Street Food
Court in hopes of recording its takeoff noise levels. Unfortunately, because the plane’s
takeoff zone and our recording area were separated by a building, a lot of the direct
noise was blocked. In addition, strong winds facing directly into the sound meter
muddled the noise and made the data on the graph inconclusive without strong spikes.

The echoes from the plane, however, could be heard reverberating throughout the
northern harbor, holding a steady level in the low 70s and peaking at 77 dB. Because
this sound is from an echo, it is safe to assume that areas all around the harbor
experienced similar noise levels, including waterfront residences, parks, and other

recreational areas along the Northern Harbor.
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Our third and final inconclusive data set was from an electric boat we rode throughout
the canals on May 26™". Mads Aarup, a member of our Miljgpunkt work group and the
Indre By local committee, offered to take us out on his personal boat which uses an
electric engine and a homemade battery system. Mads proposed it as an opportunity to
record the noise and air pollution of the tour boats by driving close to them while getting
a zero-emission guided tour of the canals. Measurements on the water would provide a
strong argument for how pollution affects other boaters and kayakers, so we were very

excited to try this out.

Unfortunately, due to the time we went out in the evening, most of the tour boats had
finished for the day with only a few boats still running. We had a hard time finding them,
let alone getting close to them due to the speeds they go through the canals. Combined
with contamination of UFP’s detected from restaurants’ grills that we drove by, our data
was not significant enough to create the argument we had hoped for.

y . ; 4 ; A\ :-.,' \\-“«;“y
— S s , SO LSS
Figure 24: Preparing to go on Mads Aarup's boat (Thomas Gray, May 26,
2025).

Moving into Phase Two
Our findings were shared with the Miljgpunkt work group to gauge their perspectives on

our work. Based on the feedback they gave us we selected the graphs that would
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initial interested groups as possible, give them access to information and finally, a way
to connect them with Miljgpunkt for future updates on a citizens’ initiative.

Using the data we collected
and the feedback from our
work group meetings, we
constructed an engaging
informational website that

Canal Tourism’s effects on Air Quality

highlights the negative
8 Click here to join our email list, and join health effects of high

the fight for healthier canals!

ultrafine particle exposure

m and noise pollution as well
<. . .

- as the environmental issues

PRy caused by diesel engines in

Tourism vehicles in the canals, such as those operated by ~ the canals. Attached links
Stromma, Nettobadene, and Nordic Seaplanes, contribute outline the data we collected
to both noise and air pollution as they travel through the
Port of Copenhagen.
Figure 26: The front page of our informational website boats and the associated

from the seaplanes and tour

health and environmental risks
that come with it. Focus groups with fellow WPI students provided feedback on how to
improve the site visually and where to cut out or emphasize important information. We
used this feedback to continually iterate and improve the website throughout this phase.
Our flyers and website can be found in Appendix A, and our website can be reached
through the QR codes on the flyers.

Articles in Christianshavneren and Kosmopol

Another recommendation from the city hall member was to use the press as a medium
to spread our message to a greater audience. We wrote an article covering canal
pollution from the tourism vehicles and how the zero-emission zone would benefit the
city for submission formatted as a Miljgpunkt news briefing. This news briefing was

submitted to Christianshavneren, an activism-oriented community newspaper in
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The presentations to the Indre By Local Committee at Trinitatis Kirke Songnehus on
June 12, 2025, and to Christianshavn Local Committee at Hal-C, Arsenalvej, on June
18, 2025, were both well received and led to productive discussions. At these meetings,
we presented our most impactful graphs emphasizing the frequency and severity at
which the tour vehicles emitted UFPs, as well as the harmful sound levels produced by
the seaplane’s landing sequence near the playground where the original dock is
located. Various members were surprised at the guidelines and safe levels that were

surpassed according to the values depicted by our graphs.
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Figure 28: Presentation to Christianshavn Local Committee, June 18, 2025. Photo Credit: Peter Hansen
When we pointed out that a portion of the landing sequence exceeded the NIH's set
threshold for hearing damage, one local committee member remarked that he laughed
at the ridiculousness.

Following our presentations was the opportunity for discussion and questions. We
received feedback on how we could emphasize control measurements to highlight the
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Working towards creating a greener city is no simple task, and Copenhagen deserves
all the praise it receives for the distance it has come over the past decades. Creating a
zero-emission zone in the canals presents numerous challenges, but thanks to the
collaboration among Miljgpunkt, local committees, the municipality, and Copenhagen
residents, steady progress has been made towards this goal. Between citizens,
government representatives, and even the owners of the tourism companies, the
cooperation between every party we have interacted with—directly or indirectly—has
been amazing. In order for this goal to be achieved, this mutual support must be
continued by all roles to ensure progress does not stagnate. With such a strong
community, we believe that Denmark should be a worldwide model for how we can all
do a little more to help our planet thrive.
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