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ABSTRACT

District heating systems play a crucial role in the European Union for sustainable energy
practices by contributing to reducing carbon emissions and thus counteracting climate change.
In most European countries, the energy consumption for heating is a topic that needs to be
considered. Germany has recognized the need for more awareness among its citizens about
district heating systems. Therefore, an interactive website was developed in close cooperation
with the city of Weilheim in Bavaria, Germany. The goal is to inform citizens about the district
heating system under construction. The website aims to improve user engagement through
interactive features, including a quiz, an interactive calculator, and various animations and
images. The application focuses on the primary energy sources biomethane, solar energy,
wood chips, and the use of environmental heat through heat pumps. The website was evalu-
ated at a local secondary school, which yielded positive feedback.
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1  INTRODUCTION

In order to meet the European Union’s (EU) emission objectives, renewable
energy sources (RES) should replace fossil fuels [1]. Thereby, district heating systems
play an important role. It is assumed that they contribute to the reduction of carbon
emissions, thus preventing climate change.

Within this context, where does Germany stand compared to the EU? Currently,
the share of renewable energies in Germany is 14 percent. The target value for 2030
is 27 percent. In order to reach this target, the government’s main focus seems to
be phasing out coal by 2038 [2] and promoting district heating. According to 2018
data, studies [3] show that Denmark is the largest market for district heating systems
regarding trench length in the EU, followed by Germany.

The district of Weilheim is one of the pioneers of building a district heating net-
work based on RES in Bavaria, Germany. With an area of 55.5 square kilometers
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and 24,033 inhabitants, the city has an energy consumption of 269,600 MWh of final
heat, which must be provided for heat supply [4], [5].

So far, Weilheim still uses up to 90 percent fossil-based heating systems. One of
the main challenges that Stadtwerke Weilheim (municipal utilities of Weilheim) faces
is to generate the support of the citizens for the change towards a district heating
system. The network will primarily utilize four renewable energy sources:

e Wood chips: Wood chips are small pieces of wood. It is most sustainable when
residual materials such as wood waste are used. By the process of burning wood
chips, energy for heat generation is produced [6].

e Solar: The renewable solar energy uses the sun to produce energy. Solar panels
help to convert the sun’s rays into usable energy [7].

e Biomethane: Biomethane is a renewable natural gas produced by the anaerobic
digestion of biomass, such as wood pallets or agricultural waste. This gas can
deliver a sustainable alternative to fossil gas [8].

e Waste heat from the water treatment facility: The heat from wastewater at the
water treatment facility can be utilized for heating using heat exchangers. By
employing heat pumps, the temperature can be adjusted to the desired heating
temperature [9].

The main energy source shall be wood chips.

Currently, a majority of Weilheim’s citizens are concerned that the use of wood
chips would lead to cutting down the famous local forests. The most popular rec-
reational forests among the residents of Weilheim are the Weilheimer Au and the
Unterhauser Forest, as well as the Gdogerl, the Dietlhofer Forest, and the Hechenberg
as part of the city forest. Since 1996, forest biotope mapping has been developed for
the city forest. In 2015, a nature conservation concept was adopted, and in 2017,
a forest ecological account with conservation measures was created [10]. Another
local forest is the Paterzeller Eibenwald. This forest, with its more than 2,000-year-old
yews, has already been under nature protection since 1939. Therefore, this unique
forest is one of the oldest nature reserves in Germany [11].

In addition, the project is also followed with suspicion regarding how the district
heating network will be constructed.

Therefore, the first step is communication, to comprehensively inform the citi-
zens about the design and function of the planned district heating system.

Secondly, which method would be best suited for implementing this commu-
nication? To establish broadly accessible communication, it was decided to cre-
ate a website. A website is easily accessible to a broad audience, namely anyone
with internet access [12]. Furthermore, this information source is available at any
time and from every location [13]. These features provide unique accessibility for
the visitor.

In addition, the website can be updated whenever new information or questions
arise, and processes can be visualized for easier understanding [12].

A website offering a high level of interactivity for visitors by using multimedia
elements such as texts, images, animations, and videos or audio for information
dissemination serves as an excellent communication tool [14]. Deploying interac-
tive elements as part of the user interface (UI) makes it more appealing for the
citizens when they seek information. Furthermore, interactive elements deepen
the learning process of the viewer by encouraging active engagement with the
content [15].
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These considerations lead to four research questions:

RQ-1: How to inform about the district heating system and its four main energy
sources in order to raise the support of Weilheim’s citizens?

RQ-2: What specific Ul design elements and interactive information-sharing
techniques can be implemented on the website to optimize user interaction
and understanding?

RQ-3: How to model the complex process of district heating based on wood chips
that is both scientifically accurate and easy to understand?

RQ-4: How can interaction with the website improve the target audience’s
knowledge of the district heating project in Weilheim?

Section two covers the state-of-the-art of district heating system implementations.
In the third section, the implementation of the website is explained, focusing on the
essential Ul design elements. The fourth section presents the evaluation. Finally, the
conclusion summarizes the key points and recommends future work.

2 CURRENT DISTRICT HEATING SYSTEM IMPLEMENTATIONS

The literature review closely follows the method described by [16].

The review scope according to (RQ-1) is: Which approaches already exist that
inform about district heating systems and their four main energy sources in Weilheim?
The conceptualization of this scope is: How can a website effectively and interactively
inform Weilheim’s citizens about the district heating system? The website should pres-
ent the information as clearly as possible to engage the interest of the website’s visitors
while avoiding scaring the users off with the amount and complexity of information.

The literature search utilizes Google Scholar, selecting only articles that were not
older than 2019, with the search strings: ‘district heating OR district heating systems,’
‘biomethane,” ‘wood chips,” ‘solar energy,” and ‘heat pump.’

The synthesis of the findings is based on the concept matrix framework as pre-
sented by [17]. Concepts in our concept matrix for study about wood chips are ‘costs,’
‘CO, emissions,” ‘base load capability of wood,” ‘wood energy cycle,” and ‘disposal.’

This paper focuses on an application of district heating. Hence the relevant results
of the literature review are an integral part of sections 1, 2 and 3. A more compre-
hensive literature review would be the objective of future research, presented in an
upcoming publication.

The development of district heating technologies can be divided into four gener-
ations [18]:

1. The first generation fell between 1880 and 1930, when heat production contained
mainly steam boilers. The primary energy source was coal.

2. Thesecond generation started after 1930 and continued until the late eighties. In addi-
tion to coal, oil came up as an energy source. Heat production was mainly based on
heat-only boilers, with the first combined heat and power systems (CHP) emerging.

3. After the late 80s, there were significant changes regarding the energy source.
Worldwide, biomass, waste, and fossil fuels came into use as the primary energy
source. Heat production was shifted to large-scale CHP systems.

4. The most recent era of production and energy sources for district energy started
after 2020 with the increasing awareness of the ecological problems, carbon
footprint, and sustainability. It is forecasted that in 2050, renewable sources will
take the stage while fossil fuels will be considered outdated. In addition, rather
than producing additional heat energy, heat recycling will be preferred [18].
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The dominant trends of these stages underline the significant role of renewable
energy sources. For instance, studies on district heating systems in Jarvenpdd and
Stockholm highlight integrating technologies such as solar collectors, heat pumps,
and heat storage to create low-carbon systems [19]. This approach underlines the
diverse technologies to ensure efficient, sustainable, and low-carbon district heating
systems in the EU.
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Fig. 1. Energy sources for district heating 1990-2019 in Germany [20]

Regarding the comparison between Germany and the EU, it is worth looking at
Germany’s near future plans. By the year 2050, the energy transition plan specifies
the reduction of CO, emissions by 40 percent in 2020, 55 percent in 2030, and at
least 80 percent in the year 2050, in reference to the year 1990 [21]. Germany strives
hard to replace coal with RES (see Figure 1). In 2019, RES constituted approximately
20 percent of all energy sources for district heating systems.

Moreover, it is essential to note that 56 percent of Germany’s final energy con-
sumption is dedicated to district and space heating, hot water, process heat, and
cooling (see Figure 2). In 2014, renewable energies accounted for only 12.0 percent
of this share, showing a marginal increase of 0.9 percent since 2010 [22]. This under-
lines the efforts in the heat market’s development to achieve Germany’s target of
sourcing 14 percent of energy for heating and cooling from renewables by 2020 [22].

M district and space heating
hot water
m process heat
cooling
B mechanical energy
M information and communication technologies

m electric lighting

Fig. 2. Percent share of applications in the final energy consumption in Germany in 2014 [22]
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Weilheim played an essential role in taking an initial step to integrate the “Enel
Green Power project” into the German geothermal market. This indicates how
Weilheim leads and gives recognizable importance to the heating industry [22].

3  IMPLEMENTATION OF THE WEBSITE

This section describes the specific Ul design elements and interactive
information-sharing techniques of the website that are essential to optimize user
interaction and understanding (RQ-2).

According to Stadtwerke Weilheim, the main target demographic group are
people who must independently manage their household heating supply. Due to the
increasing number of single-person households and the rising ownership of homes,
which are retained even in older age, and as household size usually decreases, the
ratio of living space per inhabitant is steadily increasing. Consequently, the heating
demand per resident in Weilheim is also rising. To meet this demand, 269,600 MWh
of final energy is needed annually for heating supply, according to 2019 data [5]. For
heat generation in private households, the fossil fuel heating oil is the most widely
used energy source. Of Weilheim’s total CO, emissions, 19 percent are produced
by the electricity and heating requirements of private households [5]. To achieve
the energy transition, the acceptance of these citizens towards the district heating
network, which is to be operated with renewable energies, is essential [5].

As a consequence, due to its simple accessibility, a website implementation was
preferred over an application that would require an installation [23]. To program the
website, we used the WebStorm integrated development environment (IDE) by JetBrains
[24] and initialized the project with the hypertext markup language (HTML) 5 Boilerplate
(H5BP) template [25]. The website consists of HTML [26] and cascading style sheets
(CSS) for the front end, and JavaScript (JS) [27] for the back end. We utilized GitHub [28]
to create a Git repository, enabling collaboration among multiple contributors.

®Economic & Ecological
Information

o Ecological footprints
o Economic aspects

nforms

(®) interactive website

o Display engaging content
© Host interactive tools

Contains ’(omams Contains

(® content (®) Detailed Pages
© Dialogue o Wood @ Interactive Calculator
o Interactive Graphs/Diagrams o Biomethane O A E C oo aien
© Visual llustrations © Solar Thermal Energy 9 P
o Quiz o Heat Pump
kwdes Uilizes Allows Comparison
Information
@) nrormatio ‘ (®)cost calcuiation Parameters ® Energy Sources
o Origin

© Production 0 Costs o Compare different energy sources

o Sustainability L2 VY

Fig. 3. UML diagram
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Figure 3 shows the UML diagram of the website’s elements. The top entity
is the user. In general, the facade pattern [29] from software engineering prac-
tices was applied. This design hides the complexity of the website’s subsystems,
making it more user-friendly and interactive. The website is divided into four
separate tabs that are navigable through a navigation bar located at the top of
each page. These tabs in question are homepage, calculator, quiz, and feedback
and imprint.

3.1 Homepage

The homepage should be eye-catching and attract users with varying knowledge
levels. Hence, a short dialogue between two citizens introduces the topic of dis-
trict heating.

The dialogue appears when first opening the website and only automatically
reappears when a new instance is opened in a window. The dialogue is imple-
mented as a container on the main website with the characters and dialogue bubbles
within. After finishing the dialogue with only three user clicks, the whole container
is hidden. To avoid having the dialogue reappear every time when the user returns
to the homepage, local storage keeps track of whether the user has seen the dialogue
already within that specific instance of the website.

In the bottom right corner of the slide section, there is a small version of Wilhelm,
Weilheim’s mascot (see Figure 4). The mascot can be reached from all sections of the
homepage. Wilhelm is lowered so far that only the head is visible, prompting users
to hover over it with their mouse.

Replay dialogue!
FAQ:
Is district heating harmful to the environment?
Are district heating systems expensive?
Why choose district heating?
How can I contribute to the district heating network?

Fig. 4. Weilheim’s mascot Wilhelm

The mascot will then be raised, and a speech bubble will appear containing a
replay option for the dialogue and frequently asked questions (FAQ).

After the dialogue, an interactive slideshow starts presenting (1) a video and a
picture with Weilheim’s district heating plans and its four primary energy sources:
(2) wood chips, (3) biomethane, (4) solar thermal energy, and (5) heating pumps.
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/ Weilheim North-East:

o Energy center at the former site of the plant
nursery Kranléchl

¢ 100% renewable energy

¢ In addition to wood chips, liquid biomethane is
also used

¢ Wood chips are more sufficiently available in the
region

* Consists of a wood chip storage, a boiler house
and a depot for ash

¢ Liquid biomethane is only used during peak load
(i.e. on very cold days) or for redundancy (i.e.

during maintenance)

Fig. 5. Weilheim map

Each of these five parts changes the layout and presented elements when click-

ing from one to another by fading in and out different containers located under-
neath each respective part’s picture. Each part has different interactive elements
to make the learning experience as diverse, memorable, and engaging as possible.
Users have the option to navigate either sequentially or to skip directly to any part
by using the dots underneath the slideshow.

1. The first part is a video comprising a short interview with one of the project

leaders of Weilheim’s district heating and photos documenting the current state
of the implementation. The pictures and sound recordings were edited with Final
Cut Pro [30]. After the video, an interactive map of Weilheim (see Figure 5) shows
the locations of the four planned district heating centers, implemented as but-
tons. Clicking on a button displays an animation that shows which center will
provide heat for which specific part of the city. On the right side of the map, a
container with text fades in and out, describing the primary energy sources that
will be used at a specific heating center.

. The second part of the slideshow informs about wood chips in Weilheim’s heat-

ing project with the help of an interactive scalable vector graphics (SVG) diagram.
Six pictograms (see Figure 6) show the process flow from the forest to the final
disposal of ash. By clicking on a pictogram, more detailed information comprising
pictures and text pops up.

Fig. 6. Interactive circle graph

. The biomethane part informs citizens about the production and transport of

organic resources that can be converted into heating energy. A short introductory
text explains a few basic concepts and prompts the most important questions. The
next part is a visual interactive storyline adding playful elements. It consists of
the Weilheim mascot and a short text in the style of the mascot, taking the readers
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on an adventure where they answer questions to progress the story about bio-
methane. The slide offers two different answers, or approaches, respectively, to
the mascot’s information in the form of buttons below the story. The story pro-
gresses in multiple ways and informs about wrong answers or preconceptions.

. For the solar energy part, an interactive image was created. Various representa-

tions of the sun, which are scattered over a solar thermal plant and can be hov-
ered over, inform about the key aspects of solar heat generation. The information
blocks offer insights into the effective location selection for solar plants, the reli-
ability of this proven technology, and how solar collectors work with district
heating networks. This was accomplished through the use of SVG. Most of the
animations were created through CSS and its animation tag.

. The heating pump part starts with a comprehensive overview of heat pumps,

outlining their purpose and significance. The next section discusses the vari-
ous types of heat pumps (air-water, air-air, water-water, and geothermal), their
functionality, and the refrigerant cycle used in heat pumps to convert energy for
heating and hot water purposes. It is paired with a video container that includes
a video element, where the user is enlightened about the benefits of connecting a
building to a district heating network versus investing in a private heat pump.
An SVG of a heat pump diagram visualizes the function of the heat pumps and
their components (see Figure 7). At the end, it is explained how heat pumps are
implemented in Weilheim and what the reasons for integrating large heat pumps
into the Weilheim district heating network are.

’ This refrigeration cycle works as follows:
The refrigerant flows through the cycle and
absorbs heat from the natural energy source via the

electrical energy

(o) L
&/ evaporator, causing 1t to evaporate.
_“'_ compressor This refrigerant vapor is compressed by the
o @ cvaporster Aigeesd e [m electrically driven compressor to achieve the
s eoes desired system temperature.
environmental heat m heating heat . .
@) After heating, the refrigerant enters the
expansion valve condenser, where the thermal energy is transferred

to the heating circuit. This lowers the temperature
of the refrigerant while it remains under high
pressure.

In the final step, the expansion valve reduces the
pressure, allowing the refrigerant to return to its
original state, so it can absorb heat once more and
start the cycle again.

Fig. 7. Heat pump diagram

3.2 Quiz

Another aspect of the website is to test users’ knowledge. For this, a quiz was

implemented (see Figure 3). At its core, the quiz consists of a multiple-choice test
with one question and a couple of multiple-choice buttons representing possible
answers per page.

The back end keeps track of the score, using local storage and displaying the next

questions after completing each one until the quiz is finished. The use of local storage
hasadrawback: The score cannotbe keptbetween differentinstances of the web appli-
cation. This approach strives to avoid cookies due to data protection. The quiz is also
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randomized so that users cannot just learn the location of the right answer. The ran-
dom allocation of answers and questions is created with the help of a simple pseudo-
random number generator that uses system time as a starting seed. After completing
the quiz at a hundred percent, a golden trophy is presented as an achievement.

4  EVALUATION

Once the users of the website have successfully mastered the quiz, they will be
invited to provide feedback. The objective is to evaluate, on the one hand, how well
the website conveys the content about the district heating network and its energy
sources (RQ-3). On the other hand, the website’s design is evaluated (RQ-4).

The feedback form consists of two parts: Ten mandatory statements rated on a
five-point Likert scale and an optional open text field. The feedback is always sub-
mitted anonymously. The ten statements correspond to specific components of the
website, such as the dialogue upon opening the website, the slides covering top-
ics such as wood chips, solar energy, biomethane, and heat pumps, as well as the
calculator and the quiz.

Additionally, they address the overall design of the website, the integration of inter-
active elements, and the change of support in favor of district heating in Weilheim.

The feedback form is implemented as an array of objects, each containing a state-
ment and its respective answers. After successful submission of the feedback form,
a user is directed to a ‘thank you’ page. The website prevents users from submitting
feedback multiple times in the same session.

The original main target demographic section of the website is adults. Additionally,
inspired by [31], it was decided to present Weilheim’s district heating approach to
students of a local secondary school. The reason is that the curriculum of Bavaria’s
secondary schools from grade nine onwards covers energy technologies and their
environmental impact [32]. This on-site presentation of the website made it possible
to receive further valuable feedback for improving the website.

Table 1. Feedback results

No. Statement Average

Q-1 | The dialog at the beginning prepared me well for the information to come, and I knew 415
what topic was awaiting me on the website.

Q-2 | The page on wood chips is informative, and I can cope well with the amount 4.26
of information.

Q-3 | Thanks to the intuitive structure of the solar energy site, I find my way around easily 418
and have no difficulty in finding information.

Q-4 | After the interactive explanation about biomethane, I am well-informed and have 413
learned something new.

Q-5 | The page on heat pumps is informative and clearly structured. 4.00

Q-6 | The difficulty level of the quiz questions was appropriate. I was able to answer them 412
well after browsing the website.

Q-7 | The calculator for comparing energy sources is easy to understand. 3.64

Q-8 | The general design of the website is appealing. 438

Q-9 | The integration of interactive elements such as graphics or animations made it fun 441
for me to visit the website.

Q-10 | Overall, the website raised my support in favor of a district heating network 3.92
in Weilheim.
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The participants were students of four different classes (grades nine and ten).
The students had no prior knowledge of the technology of district heating networks
in general but knew that a district heating network is currently under construction
in Weilheim. After a short introduction to Weilheim’s district heating approach and
the website, each class had 45 minutes to explore the website. At any time, the stu-
dents had the opportunity to ask questions. Finally, the students had to take the quiz
and submit the feedback on the website. Some students started by completing the
quiz directly at the beginning and again after interacting with the website. These
students recognized a higher quiz score after the website interaction compared
to the initial quiz. This can serve as an indicator that the website has improved
their knowledge about district heating. Furthermore, students compared their quiz
results with each other and were eager to achieve the best possible outcomes. In
total, sixty students submitted the feedback. Table 1 shows the ten statements and
their related average feedback values. Each statement is assigned an identifier from
Q-1 to Q-10.

The diagram in Figure 8 visualizes the average feedback values for each state-
ment. The red line represents the average rating of all statements, which is 4.12.
The highest feedback value for statement Q-9 indicates that the interactive elements
were particularly well received. The low feedback in Q-7 can be explained by the
fact that the data needed for the calculator is still under discussion, and therefore the
calculator’s usefulness was likely questioned.

Q-1

Q-2

Q-3

Q-4

(015
(Q-6 |
Q-7 |
Q-8
09—

(Q-1() |

0 1 2 3 4 5

Fig. 8. Average rating values

Overall, the students particularly enjoyed the design of the website and the
integration of interactive elements. One student wrote, ‘The website is very nicely
designed. The pictures and animations are easy to understand and very appealing.’
Another wrote, ‘I think the website is very clearly designed and also varied thanks to
the interactive content.” There was also very good feedback on the dialogue when
opening the website: ‘I liked the dialogue at the beginning, and it makes it easier
to understand the topic.’ A few students stated that they would like more general
information about district heating networks: ‘I wish you would have explained the
basic principle of district heating in more detail” Overall, the points awarded by the
students for the individual statements were in the upper range, and the feedback
was positive.
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5 CONCLUSION

According to RQ-1, a website should raise the support of Weilheim’s citizens in
favor of implementing a district heating system. This was achieved by welcoming
users with a personalized dialogue, a visualization of the different project loca-
tions on an interactive map of Weilheim, and relying on the local mascot Wilhelm
for the FAQ.

Regarding the RQ-2, the website consists of multiple interactive elements to
engage users and offer them an outstanding experience. For every renewable energy
source, a personalized design was implemented. For wood chips and heat pumps, a
visualization of the complex material flow and its functionality by means of a graph
made it easier for users to grasp the concept and its key technical subsystems. In the
introductory text on solar thermals, users are directed to the respective YouTube
video explaining Germany’s climate protection plan.

The project showed that Weilheim’s mindful choice of a district heating solution
actively contributes to the sustainability goals of Germany and the EU. The design
of the biomethane slide is similar to the idea behind the quiz with its ‘visual interac-
tive storyline’ nature. Both the dynamic presentation and the testing of the informa-
tion in a game/quiz format arouse one’s natural curiosity. This makes the learning
experience more memorable and entertaining.

Concerning RQ-3, it is confirmed that the interaction with the website improves
the knowledge about the district heating project in Weilheim, comparing the eval-
uation results and observation of quiz results before and after visiting the website.

During the on-site evaluation at the secondary school, students from all four
classes did the quiz before and after interacting with the website. They stated that
they had higher scores afterward, which is an indicator that the interaction with
the website enabled them to improve their knowledge on the topic. Further, the
students compared their results after completing the quiz among each other’s. This
points out the social side of the interactive quiz.

Addressing RQ-4, a Petri-net-based simulation tool would be a nice feature to add
in future versions of the website. Its interactive depiction of the complex district
heating process could lead to a better understanding.

In total, an interactive website seems to be a suitable communication tool to
promote district heating solutions.
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