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Summary in Danish

Dette speciale undersgger muligheden for at implementere et
Power-to-X anleg pa Bornholm i forbindelse med Energig
Bornholm, hvor det er planlagt at bygge Danmarks hidtil starste
havvindmgllepark frem mod 2030 sydvest for Bornholm.
Havvindmagllerne skal tilkobles en transformerstation placeret teet
ved Akirkeby. Formélet med dette speciale er at undersgge,
hvordan Bornholms lokalmiljeg, bade de fysiske omgivelser og
samfundet, vil blive pavirket ved implementeringen af et Power-
to-X anlaeg med elektricitet fra Energig Bornholm.

| specialet undersgges muligheden for at integrere Power-to-X i
den eksisterende energi- og vandinfrastruktur pa Bornholm, ved at
undersgge de potentielle risici og miljgpavirkninger, der er
forbundet med at implementere et sadant anleeg pa gen. Anleggets
pavirkninger vil ligeledes afhznge af anleggets starrelse,
beliggenhed og potentielle slutprodukt, som i dette tilfeelde enten
kan veere Power-to-Hydrogen, Power-to-Methanol og Power-to-
Ammoniak. Gennem dialog med de involverede akterer er der
generelt en positiv indstilling til implementeringen af Power-to-X
pa gen. Muligheden anses for at kunne bidrage til gens fremtidige
udvikling samt gagre Bornholm til en vigtig del af den grgnne
omstilling i Danmark, dog er private lokale aktgrer skeptiske
omkring implementeringen.

Det kan konkluderes, at implementering af Power-to-X pa
Bornholm vil resultere i nye interaktioner mellem involverede
aktgrer, da anlegget forventes at skabe nye muligheder for
sektorkobling og synergier mellem el-, vand-, varme- og
transportsektoren pa Bornholm. Yderligere konkluderes det, at den
mest fordelagtige placering af Power-to-X anlegget vil veere
sammen med transformerstationen, samt at det mest fordelagtige
vil vaere enten at producere Power-to-Hydrogen eller Power-to-
Ammoniak afhaengigt af breendslets formal.
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The Thesis Contributions of course that the local community and local area will benefit from Rawer
Academic literature on Pow#o-X generally concerns the benefits for the X, since apart from taking up space, the implementation of RPtwércan
energy system and how it can contribute to the green transition. However, overall happen independently of the community. Hesve if the local
literature covering the impact Powt-X can have on the local community community is actively integrated, synergies can be strengthened resulting in
and surrounding environment is minimal which has been the starting point for benefits for the community, such as obtaining environmental benefits,

this thesis. securing more job opportunitieand improving the local economy.

It has been decided by the government that Bornholm is going to be an energyAs Sustainable City plarers a holistic approach has been adopted when

island in 2030 andreergy technologies are therefore being implemented defining and investigating the subject of this thesis. The educational

around and on the island in the coming years. This is a pioneer project sincebackground and large focus on sustainability have therefore ensured a holistic

implementing wind turbine farms on such a large scale has not been seenapproach considering both citizens, economy, sector cauphlvater

before in Denmark. Experiences of how to incorporatis th a local resources, and other relevant factors as integral to the implementation of

community are limited, but nevertheless important for ensuring positive Powerto-X. The holistic approach has contributed to identifying potential

impacts on the surroundings. Energy technologies take up a significant sector coupling opportunities and benefits going across the different actors of

amount of space and differ from the present characteristic of the landscape onthis study, secimg integration of several different interests. Thereby, the

the island. Implemeéing Energy Island Bornholm and potentially Povter holistic approach has addressed the complexity of Powgr

X will influence the existing community, however, Bornholm has the implementation by recognising the interdependencies between social,

possibility of benefitting from it. economic, and environmental aspects and acknowledging that tieyt ¢ee
examined in isolation.

This thesis seeks to emphasise the importance of understanding the impacts

of an implementation of a Pow&s-X plant on the local area. The aim is that

knowledge about the impacts can have a contribution to better inclusion and

integration of the local aa and community in the long term. It is not a matter
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Summary The thesis uncover.s the possibility of integrating I?elwé('in t.he existing |
energy and water infrastructure at Bornholm, by investigating the potential

This thesis investigates the pdskify of implementing a Poweto-X plant on risks and environmental impacts of implementing such a plant, depending on

Bornholm in connection to Energy Island Bornholm. The project of Energy Size, location, and potential eqaoduct; Poweto-Hydrogen, Poweto-

Island Bornholm is planned to be developed by the end of 2030, consisting of Methanol, and Poweto-Ammonia. The study finds that the method used

3.2-3.8 GW electricity from offshore wind with a possibility expanding when investigating the subject, impacts the results as well as the researcher's

with 3.0 GW offshore wind by Copenhagen Infrastructure Partners and background. Overall, the implementati@f Powefto-X on Bornholm is

“Isted. The offshore wind turbines will be connected to the island with a large identified as a great opportunity for Bornholm to become important in the

onshore transformer station. The focus within this thesis is to investigate the green transition of Denmark.

following problem statementVhat effect will a Poweto-X plant have on the

local community and area on Bornholm? To achieve the most positive effect from implementing Pewet on

Bornholm, it is concluded that the most beneficgaHltion is to place the plant

The critical hermeneutic theory has been used as a theory of science, using afi€xt to the transformer station and produce either Poweydrogen or
iterative process when developing knowledge. The empirical data is gatheredPowerto-Ammonia. The thesis concludes implementing PetweX on

by semistructured interviews with relevant identified actors related to Rower Bornholm will result in a translation process of the existing system by creating
to-X implementation on Bornholm. The hermeneutic spiral is combined with New ineractions between human and ffarman actors. This will result in
Actor-Network Theory as an interpretive tool and analytic framework to Sector coupling opportunities and synergies between water, electricity, heat,
understand the soctechnical sgtem. Using ActoiNetwork Theory the and transport sector on Bornholm. It can therefore be concluded from this
focus is on the different interests of the involved actors, the various benefits thesis that implementing Powta-X on Bornholm will both bring positive

and challenges identified by the actors, and ultimately investigating how the and negative effects to the local community and area on Bornholm.
implementation of Poweto-X will affect the local communityand area on

Bornholm.
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1 Introduction




In the debate on the green transition of the energy system, challengestechnology becomes essential (Skov et al., 2021; Mathiesen et al., 2015; Salgi
regarding the transport sector have been much discussed since Green Houset al., 2007; Hedegaard et al., 2012) since it potentially can clear the way to
Gas (GHG) emissions are increasing despite the awareness of how negativelyransiton parts of the transport sector which to this day still are highly

it impacts climate change. Wheredheay sectors of the energy system have dependent on fossil fuels.

managed to transition to greener solutions and decrease GHG emissions, the

transport sector is dependent on the implementation of more technologies tol 1 A NeW Technology in Denmark

store renewable energy before it is possible to see significdnttrens in
emissions (Kany et al., 2022). Powerto-X is still a relatively new technology, meaning there is only limited

experience in the implementation of the techggl@and most projects in

Today the flexibility of the energy system is secured by the use of fossil fuels Denmark are in the research and planning phase and thereby not yet

making it possible to balance the energy system regardless of the renewablémplemented (H ST, n.d; Everfuel, n.d.B). However, both the government

energy supply. The same flexibility does not occur flnetuating renewable and private companies view PowerX as a promising technology and

energy system if fossil fuels are not used (Lund, 2014; Skov et al., 2021). Lund believe it will play a sigificant role in the future. This can be seen in the

(2014) therefore introduced the smart energy system approach, where a 1000/g)olitical agenda in Denmark as the government has initiated several initiatives

renewable energy system is modelled using a holistic approach instead of thel® IMplement Poweto-X. First of all, a Poweto-X strategy was published in

2022 in which it was agreed to aim for ancélelysis capacity of 6 GW in
2030. Further, the government decided to invest 1.25 billion DDK for a

traditional silo thinking approach (Skov et al., 2021; Lund, 2014). The purpose

of the smart energy system is to find another solution for how to generate

flexibility in the future energy system, and it can potentially be achieved by Powerto-X tender as a markdtased competitive bid to upscale and support

coupling the electrity, heating, and transport sector to utilise energy storage Powerto-X in Denmark (Regeringen, 2022). Also, the government is

(Lund, 2014; Mathiesen et al., 2015). The energy system will therefore focussing orimplementing more green energy and is aiming to implement 9

transform into working with a crossectoral approach with the goal of GW of offshore wind energy before the exit of 2030 (Energistyrelsen, n.d.G).

integrating sectors to cover the energy demand ainadis (Lund, 2014: The latest governmental initiative on green hydrogen is an agreement from

Mathiesen et al., 2015). It is within this sector coupling Petwet March 2023 on implementing a largeale trasmission interconnector

infrastructure in 2028 between Denmark and Germany enabling hydrogen

2



export (Ministry for Economic Affairs and Climate Action of the Federal Hydrogen is produced by merging water and electricity in an electrolyser. The
Republic of Germany & Ministry of Climate, Energy and Utilities of  hydrogen can then be converted into different variationsfoéls depending
Denmark, 2023). on whether it is mixed with a carbon orikmgen source. If hydrogen is mixed
Alongdde this, several companies have initiated projects across Denmark, with a carbon source, either fossil or biogenic, it will transition into methane
hereundeH ST (H ST, n.d) and Everfuel (Everfuel, n.d.B), that both are  or methanol and if a nitrogen source is used it will transition into ammonia
planning largescale Poweto-X plants in Jutland which potentially can be the  (Skov et al., 2021; ACS Energy Letters, 2020). After tramsiig hydrogen
starting point for transitioning thieardto-abate sectorsthe heavy transport into efuels, the duels can be used in heavy transport and industry sectors
and the industry sector (L¢ vstad, 2021; CSR.dk, 2021). Furthermore, a Power (Skov et al., 2021; Foit et al., 2017; Wulf et al., 2020; Helgeson & Peter, 2020;
to-X strategy for ports has been formulated with ambitious visions of ACS Energy Letters, 2020) whereas ammonia also can be used in fertiliser
becoming a leading nation in providingfuels (Green Power Denma producton (Wulf et al., 2020).

2021). Not only is there potential for PowterX within Denmark but it is

expected to have great potential for export that creates business opportunities,

which has made it appealing for several companies to invest in Rower

E-kerosene

projects (Regeringe2022).

1.2 The Concept of Pow#o-X Methanol &

IR Ammonia
Powerto-X is a process where electrolysis is used to produce hydrogen to E%E Electrolysis
hereafter convert the produced hydrogen into otherpeoducts or function gg::,'l':j::nz
as an energy carrier (Skov et al., 20Mylf et al., 2020; Foit eal., 2017). Renowtble
. . . . Electricity Methanol, DME
This makes it possible to store renewable energy which can be used for heavy Generation & Hydrogen

transport such as aviation, trucks and ships allowing a transition of the heavy Figure 1 lllustration of converting renewable energy into afuel via electrolysis which can
o . be used in the transport sector. Own production, made in Pages (Kany et al., 2022).
transport sector (Skov et al., 2021), contributing to a decrease in GHG

emissions (Kangt al., 2022). This process is illustrated in Figlire



Heavy transport alsencompasses maritime transport, where the use of either framewaork (Dolci et al. 2019), and social acceptance (Burre et al., 2020; ACS
ammonia or methanol is suitable for shipping (Skov et al., 2021). Whether Energy Letters, 2020; Skov et al., 2021).

ammonia or methanol is the most beneficial transition of hydrogen for the

shipping industry, relies on ship development, foahdling clarification, 1.2.1.1 The Lack of Green Energy Supply

upscaling of infrastructure as well as preparing the ports for Poaer The electrolyser in Powdo-X requires a large share of electricity, preferably

products. These are loftgrm investments which take time to implement but  supplied by renewable energy, in order to achieve green hydrogen and for the

in the long run will be part of transitioning the international shipping industry endproducts to secure storage of renewable energy (ACS Energy Letters,

(Skov & Schneider, 2022). Before PowerX can havea significant impact 2020).

on the green transition there are challenges to be solved which will be

elaborated upon in the following chapter. To achieve the goal of decarbonising theergy sector by securing a
renewable output from the Powter X process, it is essential to know how the

1.2.1 Challenges of Powsr-X electricity used in the electrolyser is produced. In 2022, approximately 60%

Even though Poweio-X technology is constantly developing, especially in of the electricity in the Danish electricity grid was produced by windsated

the last couple of years, the implementation of Peiet continuously is power, meaning 40% of the electricity in the grid is from fossil fuels

challenged by technical and ntechnical aspects (Skov et al., 2021). On the (Energinet, 2022A). At present time, it is therefore not possible to ensure a

technical part, the efficiecof the electrolyser (Danish Energy Agency, 100% renewable energy source for electrolysis in Denmark, due to the share

2021), the utilisation of fluctuating renewable energy (Wang et al., 2020; Skov SRR IS, IloEuE s)y SUERIING) B CIREho e Sl Gmery I [=ieers

etal., 2021), and the large share of both electricity (ACS Energy Letters, 2020) where e energy’ s cheaptand thefgnd thereby mainly 1s “supplicd by

and water needed in the electrolyser (Koj et 2019) are examples of renewable energy, it is possible to ensure the production is mainly green. This

challenges which need to be solved. On thetechnical part, the challenges is how the company Everfuel, who is planning on impleting a largescale

are related to the current prices and cost of using Ptmarcompared to Powerto-X plant, is planning to keep the production green (Appendix L).

fossil fuels (Burre et al., 2020), lack of market formation (Decourt, 2019), and ARG, PETmEI 8 ELEnt) GEisienlng s ey Sy, Ee s

complete LifeCycle Assessment (LCA) (Burre et al., 2020), regulatory electricity in the grid increasingly depends on renewable energy (Danish



Ministry of Climate, Energy and Utilities, 2021B). Therefore, it is important to look into alternative water sources for purposes
where drinking water is not a necessity. For PetweX plants, large amounts
1.2.1.2 Clean Water is a Scarce Resource of water are needed for the ei®lysis process. This has made several Power
Besides a large amount of electricity, the electrolyser also needs a large supplyto-X projects investigate the use of treated wastewater and seawater instead
of water. The electrolyser is sensitive to the quality of water used when (State of Green, 2022; International Pow@iX hub, 2021; Niras, 2022; ACS
producing Poweto-X (Koj et al, 2019). Drinking water contains too many  Energy Letters, 2020). Using alternatives to drinkingewaan contribute
impurities to be used directly, meaning that it is necessary with water positively to the environmental and sustainable aspects of Roveprojects
treatments to improve the quality of the water to achieve high enough purities (State of Green, 2022; Niras, 2022).
for it to be used in the electrolyser (Koj et al., 20%8ate of Green, 2022;
Niras, 2022). The preferred quality of water is often mentioned to be deionized 1.2.1.3 Energy Efficiency
water (Koj et al., 2019; Turner et al., 2007; Symes et al., 2012) and the water The technology of the electrolyser only has an energy efficiency-8063to
consumption to produce 1 kg of hydrogen is around 9 kg (Shi et al., 2020). produce hydrogenDanish Energy Agency, 2021), resulting in a low
The electrolyser, therefore, requires a large quantity of water input, which can conversion of hydrogen into-feels since not all energy is utilised. To
be a challenge due to the limited available water resources depending on theaccommodate this, it is possible to utilise the surplus heat in the district heating
location of the Poweto-X plant (Koj et al., 2019; State of Green, 2022; Niras, system by implementing it in the energy infrastane (Gr¢,n Energi, COWI,
2022). Denmark ges have clean watemowever, this is not the case in all TVIS, 2021).
countries, and clean water is a scarce resource. Increasing pollution is seen in
the Danish drinking water from groundwater, which has led to more and more 1+-2-1-4 COSt
boreholes being closed (Danske Regiomed,; Milj;styrelsen, n.d.A). The On the nortechnical side, Powen-X technology is an expensive alternative
drinking water resource in Denmark is, therefore, no longer seen as beingto fossil fuels, since it is difficult to implement, particularly on a larger scale
renewable but rather a scarce resource that must be handled with care (Danskbecause the electrolysis cells are nofisieiht enough for upscaling (Skov et
Regioner, n.d.; Milj¢styrelsen, n.d.C). With population growth, water al., 2021; Mathiesen et al., 2015; ACS Energy Letters, 2020). Power

consumption is increasing making it even more important to address. projects are still only developed on a small scale, meaning they are impacted



by high capital costs resulting in limited price variations (AC8rgy Letters, Australia, where the governments are implementing national roadmaps and
2020). Also, they still require a large share of electricity and in addition, the strategies for effective decarbonisation by advocating renewable hydrogen

availability of cheap and excess renewable electricity dictates the cost (ACS Energy Letters, 2020). An example of an initiative, the Renewable

competitiveness of Pow¢o-X projects (ACS Energy Letters, 2020). Energy Directive (RED), announced by th&uropean Union in 2018
(Directive (EU) 2018/2001 of the European Parliament and of the Council,
1.2.1.5 Market Forntéon 2018), was the first foray into regulation for PoweiX (Decourt, 2019).

Besides the economic challenges, lack of market formation is also a weakness
within Powerto-X projects (Decourt, 2019, Skov et al., 2021). To secure the As mentioned, the Danish government also pushes towards this transition
successful implementation of PowterX projects in the near future, market  through thePowerto-X Strategy from 2022 and the investment of 1.25 billion
formation should betsonger both on resource mobilisation and to reinforce DDK for a Powetto-X tender (Regeringen, 2022). One of the latest initiatives
guidance of the research (Decourt, 2019). from the government is a PowkrX stepby-step guide, which has the
purpose of creating transparency for depels in which authorisations are
1.2.1.6 Regulatory Framework required before a Pow#o-X plant can be implemented. The guide presents
Many authors mention regulatory framework as a weakness, but also as anthe required authorisations from before the developer starts applying for
opportunity to secure changes in the traditional waylafiging the energy implementing a Poweto-X plant and until the permit to operate the plsnt
system and to improve the development of the technology (Skov et al, 2021; given. These authorisations include environmental approval, risk and safety
Decourt, 2019; Dolci et al., 2019) and thereby be a driver for the transition measures, planning permission among other approvals (Energistyrelsen,
(Decourt, 2019). A change in regulation could potentially help create a niche n.d.D).
marketfor Powerto-X technology (Decourt, 2019).
1.2.1.7 Environmental Impact
The regulatory framework differs from country to country, but a push Besides the abowveentioned challenges, more and more literature is
benefitting Poweto-X implementation is already happening from several focussing on the importance of investigating the environmental impact of a

governmental sides, such as; Japan, South Korea, European Union, and?owerto-X plant (ACS Energy Letters, 2020; Koj et al., 2017; Koj et al.,



2019; Decourt, 2019; Helgeson & Peter, 2020; Brynolf et al., 2019; Mehmeti 1.2.1.8 Social Acceptance
£l Gl 201, [LoBhig IRE 1S S1annenl] CEpses o 6T bhges et ins It is important to be aware of the surroundings and also consider the citizens

B L e who will be impacted by the installation of a PowieiX plant (Koj et al.,

Assessments (LCA), pollution and social acceptance can be mentioned (Skov2017; Skov et al., 2021; ACS Energy Letters, 2020). Social acceptance of
etal., 2021, ACS Energy Letters, 2020). Powerto-X projects can be considel a weakness (Decourt, 2019; Skov et

al., 2021). The benefits related to Pow@iX are not as visible to the entser

DV FOHDQ WHFKQRORJ\ OLNH ZLQG WXUELQHV
technologies and applications used to produce energy. Teiepicted to

The lack of complete LCA has be@ointed out by several articles as a
challenge which needs to be solved before knowing how effective Rower
X implementation is regarding carbon reduction (Skov et al., 2021; Mac

decrease the opportunity for using social acceptance as a benefit since it is

Dowell et al., 2017; Searle & Christensen 2018). It is still unsure hovamuc more difficult for endusers, policymakers, and society to understand. It is

Powerto-X will contribute to a carbon reduction, and it is therefore important therefore important with an educational approach, to leamn other relevant

to make LCA results for different Pow&-X variations to evaluate their stakeholders aht the environmental benefits of PowierX (Decourt, 2019).

impact on carbon emissions and compare their potential reductions with other
alternatives (Skov et.a2021; Koj et al., 2019).

However, it is important to mention that parts of society are aware of the
Powerto-X technology and a push on the decarbonising of the energy system
using efuels is also happening from thdizéns and society is therefore also
Incorporating investigation of the potential environmental impacts from a part of pushing this agenda forward (Helgeson & Peter, 2020).
Powerto-X plant can contribute to the sustainability value of the project

(Mehmeti et al., 2018). Therefore, it is worth mentioning there is a lack of

focus on pollution which will be investigated within this study by analysing

multiple environmental impacts from the electrolysis process and production

of the endproduct securing sustainable resource management.



1.2.2Summary 1.3 Bornholm: An Energy Island in the

Despite the focus on implementing PoweiX, the fact is that to this day the .
first largescale Poweto-X plants is only about to be implemented, meaning Baltlc Sea

there is a limited experience to learn from (Din Forsyning, 2022). Generally As part g the transition of the energy network, the Danish Parliament has in
speaking, Poweto-X is viewed as one of the most promising technologies for 5 political agreement decided on two energy islands to be constructed, one
transitioning the transport sector (Skov & Schneider, 2022), however, the peing an artificial island in the North Sea and the other being the existing
production of Poweto-X is demanding on the surroundings (ACS Energy island, Bornholm (Klima, Energi og Forsyningsministeriet, 2020). This
Letters, 2020). This makes it essential to research hBaveerto-X plant thesis takes its starting point in Energy Island Bornholm which is expected to
impacts the area it is located in. Pow@iX is mostly viewed from the energy EH WKH ZRUOGYTV ILUVW HQHUJ\ LVODQG 'DQLVK (
perspective focussing on the potential energy outcome of the product whereas
the use of resources, environmental impacts and impacts on the surroundindBornholm has a central location, as the island is located in the Bedtjtigis,
areas a often overseen but nevertheless important to manage (Grahn et al.,3 hub for shipping, ferries and fishing as well as a great connection to Zealand
2022). This makes it interesting to investigate further to obtain a better (Denmark) and other nearby countries (Energi¢, Bornholm, n.Bof; of
understanding of what impacts can be expected, making it possible to inC|UdeR¢nnen.dD). In several ways, the island is welliited to be an energy island
in the early planning process andtentially minimise them. This research  of which a Paver-to-X plant could be a part of (Danmarks Erhvervsfremme
will investigate these impacts based on the potential implementation of pestyrelse, n.d). The connected offshore wind turbine farm will be located up
Powerto-X on Bornholm. This case will be elaborated upon in the following  tg 15 km south and southwest of Bornholm and have a capacity-8fB@W
chapter. of electricity in 2030, which is equivaleta the electricity consumption of
three million households (Energi¢ Bornholm, n.d A; Energi¢nBaim,
n.d.B). 3.2 GW will be connected to the grid, whereas 0.6 GW is the capacity
the developer is allowed to overplant (Energistyrelsen, 2022A). Overgantin
is the concept of allowing the developer to optimise the power capacity by

exceeding the limit of the transmission capacity. Increasing the capacity can



either be by installing a larger generator size on the turbines or by increasingKnowledge about Powdp-X is limited among locals on Bornholm,

the number of turbies on the site (Wolter et al., 2020). The overplanted
capacity will not be connected to the grid but potentially can be used for

Powerto-X (Energistyrelsen, 2022B).

On Bornholm a transformer station will be implemented receiving the
electricity from theoffshore wind turbines which will be delivered to other
places in Denmark and Germany. As of now, this function will be the function
of the island, but it is expected that there will be implemented a Rower
plant on the island in the future (Energi¢srBmolm, n.d A) which will make

it possible to convert electricity into a sustainablfue (Port of R nne
2021).

A Powerto-X plant on Bornholm is considered beneficial due to the transport
infrastructure of which Bornholm is a part of, but there arer@sting aspects

in the location of a Powen-X plant (Singlitico et al., 2020; Appendix M).
Bornholm is a muclvisited island (Destination Bornholm, n.d) and tourism,
therefore, plays a significant role (Appendix M). Thereby, it is interesting to

invesigate whether a larger PowtrX plant can have an impact on the

contributing to an ignorance to what extent a PetweX is an advantage for

them (Appendix M). In the future, a PowtrX plant may cause resistance
from locals along with people becoming more aware of what it is (Appendix
M). The uncertainty about safety and location are aspects that are expected to
create a critical stance towards a PoteeX plant on the island (Appendix

M). Concerns can arise alidhe safety behind a PowgrX plant which is
comparable to the concerns towards nuclear power, and the opposition to the
location of the plant can also be compared to the attitude several people have
towards wind turbines where the much discussed "momy backyard"
thinking applies (Appendix M). The locals on Bornholm stances on Pwer

X are expected to be a challenge but to what degree is still unknown and not
yet investigated making it interesting to investigate as this may have an effect

on the inplementation of a Powdo-X plant on Bornholm.

Another important aspect is the water supply for Petvet, as pointed out
earlier, since Powen-X uses large amounts of water for electrolysis. This is
also the case for Bornholm and has brought cormerong locals (Bentsen,

2022). The current supply is considered insufficient to cover the future water

tourism of the island. Firstly, the physical construction will take up space, and consumption that a Pow#s-X plant will entail (Bentsen, 2022). At present,

secondly there can be safety reasons, meaning tourism and the surrounding8.5 million n? of drinking water is pumped up each year to cover the current

will be affected if Poweto-X is implemented on Bornholm (Appendix M).

water demand of Bornholm. The available water resource is estimated to be

5.7 million n? annually (Bornholms Regionskommune, n.d.A). If a Peteer



BORNHOLM A POWERTO-X ISLAND

X plant is implemented, this could challenge the drinking water resource on
Bornholm, making it interesting investigate as well as look into alternative
water resources (Bentsen, 2022).

It can be concluded that there are a number of challenges that implementation
of Powerto-X faces, as well as a greater uncertainty about Ptwv&rin
Denmark both nationalland locally. The following introduction and scope

will present the problem statement that has been carried out to examine some
of the challenges that a PowterX plant at Bornholm can face.
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2 Introduction to Problem
Statement




Based on thiseport's preliminary research a knowledge gap in the academic to-X on Bornholm, howevethis is not included in the scope of this report as

literature has been identified regarding how PeteeX plants impact a local it is estimated of low importance for researching the problem statement.

community and the surrounding area. The existing literature primarily focuses

on the energy outcomes and the tramsing of the energy system whereof The scope of the local community and area in this report is defined as the

only limited literature has been found concerning environmental and local onshore land area and the existing comityu of Bornholm. It is

community potential benefits and challenges of implementing PtwXr acknowledged that the surrounding sea is impacted by the offshore wind

which has led to the problem statement of this report. The report stodies t  turbines but limited to solely concern the onshore area and how the community

physical framework of the infrastructure and area as well as therattoork and environment is affected. This research investigates the environment and

regarding Poweto-X, meaning the research is defined by the use of safetyconcerns of an implementation of PowerX. The environment is

methodology and theory. limited to concern noise and air pollution, conservation areas and visual
impact and safety is limited to concern risks of producing hydrogen, methanol

This report takes its starting point in the current plans and visions of green and ammonia and recognises the needs&dety zones but leaves out the

erergy on Bornholm. Towards 2030 Bornholm will become an energy island specific sizes for safety zones since this has to be evaluated based on the

that is going to produce electricity for Zealand and Germany and potentially specific project.Followed by this scope, this report will investigate the

Powerto-X (Energi¢, Bornholm, n.d A). Also, investors see a potential of following problemstatement by answering three supplementary questions:

producing Poweto-X and have startethe permitting process (Copenhagen

Infrastructure Partners, 2082 Since the Poweto-X plants are in the

planning phase it has not yet been decided whichpeoduct potentially is

going to be produced, however, most actors consider hydrogen, methanol o

ammonia as the potential fuel wherefore this research is limited to study these

fuels (1.2 The Concept of Powdr-X). It has to be acknowledged that the

regulatory framework and economy can be a barrier for implementing Power

12



Problem Statement

What effect will a Powetto-X plant have on the local community and area on Bornholm?

1. How will a potential Poweto-X plant impact the energy system and the local area's environment, safety and water supply~
2. Which translation processnd interactions can be identified in the implementation of a PtavErplant and how will these affect the
local actors?

3. How could different perspectives have impacted the findings

13



3 Research Design ﬁ




PROBLEM
STATEMENT

POWER-TO-X BORNHOLM

Power-to-X Infrastructure on
Bornholm

The Interactions of Implementing
Power-to-X on Bornholm

What e! ect will a Power-to-X plant have on the local
community and area on Bornholm?

CASE STUDY

How could different perspectives have impacted the
Pndings?

Figure 2 Research design visualising the setup of this report. Own production, made in Pages.



This chapter presents the research design to visualise the theoreticalassess potential locations for a PoweK plant. To answer the first
framework and methodology for answering the problem statement and the subquestion, desk study, and interviews have been conducted as the research
supplementing subquestions. method. Additionally, Geographic Information System (GIS) is used to map
the curreninfrastructure and determine how a future facility can be situated
The problem statemer (Introduction to Problem Statemgigt answered by in relation to the existing infrastructur€he second subquestion has been
formulating three subquestiong. (Introduction to Problem Statemérib formulated to analyse how a PowerX plant will impact the community and
structure the analysis of the thesis. The development of this thesis is guidedthe local area. This research primaniklies on conducted interviews and
by critical hermeneutics. This is illustrated in Fig@revhich represents the findings from the previous chapter which have been analysed by the use of
overarching framework for the study, encompassing the chapters of the thesis Actor-Network Theory.
Moreover thisstudy is a case study, investigating a specific case concerning !!
Powerto-X on Bornholm, which serves as the foundation for the conducted In addition to the analyses, a discussion has been developed based on the
analyses. Additionally, ActeNetwork Theory serves as the conceptual findings from 6. Powerto-X Infrastructure onBornholm and 7. The
framework, consistently informing the investigats and shaping the Interactions of Implementing Pow&s-X on Bornholm In this discussion,
understanding of the findings. Thelntroductionserves as the foundation for alternative choices of theories have been discussed, along with an exploration
WKH GHYHORSPHQW RI WKH WKHVLVY SURE O bf RovMéypchhttbhttibuwy diffefentW Kurthevnhbfe UheKlisdissionihterprets
worthwhile challenge to investigate within PowerX desk study has been the \arying impacts different Powdo-X endproducts will have on the
used. Additonally, an informative interview has been conducted, providing environment, the area, and the community on Bornholm. Finally, perspectives
knowledge about the Powés-X plans on Bornholm. from other Poweto-X plants in other locations are considered to assess what
they can contribute with in relatido a Poweito-X plant on Bornholm.
The first subquestioserves as the basis for addressing the environmental
impacts of a Poweto-X plant. This analysis examines the necessary changes Lastly, a conclusion has been formulated based on the findings from the
in the existing infrastructure to accommodate the resources required for analyses and the discussion, providing an answer to the problem statement of

Powerto-X. The knowledge obtained from this analyisisurther utilised to this thesis.
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4 Theoretical Framework
Critical Hermeneutic Theory




To ensure reliability of this study, the theory of science is stated from the continually generating new insights and knowledge, it is important to remain
beginning since it is used to establish the direction of scientifiearch and receptive to new interpretations and also acknowledging the iterative process
knowledge production. Throughout this study, applying critical hermeneutic within hermeneutics (Juul & Pedersen, 2012). Within this stuthe
theory has been @cial for knowledge production. Critical hermeneutics is  hermeneutic circle is actively employed, particularly during the interviews,
based on an iterative process investigating the entirety of the subject mattersince the prior interviews have influenced the new knowledge.
and specific elements, securing enhanced interpretations and a deeper
understanding of the investigated object. Accaydion hermeneutic theory, In this research a critical hermeneutic perspective is adapted, emphasising that
implementation is only achievable through interactions between social science needs an ermigatory aim and critical perspective (Juul &
comprehensive and partial understandings, as advocated by the hermeneuti®edersen, 2012). The motivation behind this study is a curiosity about the
circle (Juul & Pedersen, 2012), meaning there is not only one interpretation or possibilities and challenges related to implementation of RtwXiin a local
universal trui. context regarding environmental impacts, since a kmyde gap Iis
experienced within existing literature. This served as the starting point of this
It is acknowledged by critical hermeneutics that the researchers have research. A critical approach to the development and planning of Rower
knowledge and preconceptions gained depending on diverse backgroundson Bornholm is therefore taken within this study, without predefined ideals.
studies, professional fields, and history, making complete objectivity In this stidy, the critical perspective draws on Doganova et al. (2014), where
unattainable. Furthermore, the historicmtumstances will alwaysfluence the critical hermeneutic illuminates the subject matter from several angles,
the understanding and interpretation of the world (Juul & Pedersen, 2012). In meaning previously unseen elements are identified. Based on this new
this study, the subject of PowtrX implementation in a local context is understanding of the topic new knowledgmnversations, and decision
approached based on individual knowledge and personal experniencthé making is enabled. Even though Doganova et al. (2014) applies this approach
researchers. These experiences and preconceptions have impacted tha the context of valuation theory, the critical hermeneutic within this study is
formulation of the problem statement and supplementary questions which expanded to increase the understanding of the social, environmadtal a
have been subject for investigation and have thereby influenced the outcometechnical system regarding PowerX planning on Bornholm.

of this study. Since the hermenmieucircle builds upon a foundation of
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Since hermeneutics generates knowledge based on interpretations, it i54 1ACt0r-NetW0rk Theory

acknowledged that the truth is subjective, meaning the findings within this

study depend on findings from the intervie®sQ G WKH UHV H D U F K H® wnderstand dhe yjppagy ff implementing PoteeX on Bornholm Actor
analyse and interpret the subject matter. A single universal truth is not claimed Network theory has been used. The Adttwork theory and how it is used
within this study about potentials and challenges related to implementation of Will be presented in the following chapter.

Powerto-X on Bornholm. The goal of this research is on thesiottand to

identify different translation processes, interactions and interrelations of the Actor-Network Theory (ANT) was developed bytour, Callon, and Law in
object from different perspectives involving several actors who will be the 198890s and is a descriptive social theory and saaihropological
impacted by the implementation of PowerX. By identifying perspectives approach used to study the impact of technologies in society (Jolivet &
on the subjeemater the goal is to increase awareness, secure knowledge Heiskanen, 2010; Latour, 2007). The main focus of Abtetwork Theory is

sharing and a common understanding of the impacts from implementing the t0 €xaminenow a network is shaped through the actors' interactions with each
Powerto-X plant. other, and how the actors are defined by the relationships in the network.

Using ActorNetwork Theory can thereby help understand existing planning

In this study, ActoNetwork Theory (ANT) is applied as an analytc  Practices on Bornholm, and also give eaflative planning practice
framework to understand the sotichni@l system. To investigate the  Perspectives to improve the existing planning (Boelens, 2010).

subject matter from a specific perspective the hermeneutic spiral is combined

with the use of ActeNetwork Theory as an interpretive tool. Actdetwork 4.1.1 Actors

Theory is explained further in the following chapter. When implementing new technologies an understanding of the existing
settings and local framework is required. It is important to identify the
differentactors and their relations to map and understand the interrelations of
the framework. The affected actors can be human andwmoran, and they
all take part in the interactions, reasoning why they are seen with an equal

footing and importance (Rydin, 201@allon & Blackwell, 2007). Thereby,
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the theory seeks to understand the interrelations between social and materiahctorsand the influence of other actors are analysed through observation of
elements (Rydin, 2013) and how they impact each other. It should be these (Rydin, 2013). The involved parties will have to agree on what the actual
recognised that actors have different values and interests in a gojentpr problem is and how to solve it. The network of interactions will change when
which have to be considered (Boelens, 2010). Actors are defined as an objeckeither new useful knowledge produced or cast aside, this will change the
whose action occurs on the basis of relations with other actors. Since thepositions of alreadknown actors and incorporate new actors. By
action occurs on the basis of relationships, it can be difficult to define where understanding the relationships between the actors, it is possible to identify
the actual actio starts (Rydin, 2013). the translation process, and new potential relationships c&taym changes.

The network thereby includes a high level of uncertainty and complexity when
In this report, the human actors span a wide range of actors, including; the taking all values and actors into account, and it will vary based on the local
permanent citizens of Bornholm, local associations, local politicians, cottage context.
owners, local companies, developers, tourists, and visitors, among otieers.
non-human actors in this project are the available infrastructure and resourcesin relation to this study, ActeNetwork Theory can provide guidance and
on Bornholm, such as regulatory framework, the future Energy Island tools for how to implement a Pow&rX plant suitable for the local context
Bornholm, Port of R¢,nne, the district heating network, the future transformer of Bornholm, and through compromises, arguments, negotiation, and conflicts
plant, the electricity gd, the shipping industry which sails through the Baltic  all actors, human and ndwuman, can be brought on board (Jolivet &
Sea, and the future Powter X plant in the energy system. The actors within ~ Heiskanen, 2010). Furthermore t#hetor-Network Theory, through mapping,
this project are visualisad Figure22. can contribute to keeping track of decisimaking and power dynamics

between actors.

4.1.2 Network

A network is defined based on the actors and thhelationships and
interactions with each other. The network is a process that constantly is
redefined, meaning the network can also be defined as infinite, thus cannot be

defined in its perfection. Thereby, the network is a tool where the actions of
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The effect on the local area of a potential PeteexX plant implemented on 5 2 Participant Selection

Bornholm is analysed using differe methods to gather information and
knowledge about the subject. The purpose of this chapter is to present theT© understand how a Powt-X plant will impact the actenetwork on

methods used to answer the problem formulation, describing the methods, Bornholm and the translation process of the energy system in the future,
how it has been applied, and the limitations. different stakeholders haween interviewed. The selected participants have a
crucial role to gain an understanding of the current situation on Bornholm
regarding the energy system, water infrastructure, and political agenda. The

5.1 Desk Study

The purmse of using desk research was to expand the knowledge about thethroughout the report, and have in particular had a central role in the analysis

knowledge and perspective gathered from the partitsphave been used

chosen subject in order to receive more context of the research problem (Van7. The Interactions of Implementation PowefX on Bornholm.

Thiel 2014, p. 106). Different scientific articles and reports have been used to

investigate the subject. Neverlbss, it is important to be critical when using Reaching out to different respondents was essential to gather knowledge and

literature, since it is influenced by the author, recipient, and publisher. get an understaling of the current situation on Bornholm, which goals they
have for the future development of the island as well as gaining knowledge

In this study, literature and desk research has been useful when closingand experience from other PowerX projects in Denmark.

knowledge gaps. However, the knowledge gaps of the dsrazan also be The following respondents were interviewed in the given order:

D OLPLWDWLRQ RI WKH VWXG\ VLQFH WKH UHVHD'URKrHd] Ryhnd:[ Maja\Fel@id BeRenOBlSnEss Manmader atPPoi ¢f W

the starting point in the search for new knowledge. The starting point varies R¢nne (Referred to as Bendtsen).

from researcher to researcher, meaning that finding a shared understanding of

the subject affects th&tartup process of the research. " Danish Energy Agency (DEA): Rasmus Zink S¢rensen, Deputy Head

of Division - Centre for EnergIslands (Referred to as S¢rensen).
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" Danish Institute of Fire and Security Technology (DBI): Jesper " The Regional Municipalityof Bornholm (BRK): Lillian Rasch
Sj¢rvad, Business Developer within Green Fuels & Jorge Ivan ODGVHQ 'LUHFWRU DW %RUQKROPYfV 5HIJLRQTL
ContrerasCardeno part of the Pow&r-X team (Referred to as as Madsen).

Sj¢rvad and ContrerdSardeno).
" Technical University of Denmark (DTU): Jo<o A. B. R. M¢ller,
" The Regional Municipality of Bornholm (BRK): Mads Boss, Head of Developer for Residential College on Bornholm (Referred to as
Development and Planning at Bornholm's Regional Municipality M¢ller).
(Referred to as Boss).
The Regioal Municipality of Bornholm (BRK): Jacob Tr¢ st, Mayor
" Bornholms Energi & Forsyning (BEOF): Klaus Ves|;P, Public DW %YRUQKROPTV 5HILRQDO 0OXQLFLSDOLW\ 5
Affairs, Communication, and ESG (Referred to as Vesl¢,v).
H ST: David DupontMouritzen, Project Director (Referred to as
" The Regional Municipality of Bornholm (BRK): Svend Bilo H¢egh DupontMouritzen).
Stigsen, Architect and Planner in Bornholm's Regional Municipality
(Referred to as Bilo). Everfuel: Ulrik Torp Svendsen, Director PowerX Develogment
(Referred to as Svendsen).
" Port of R¢nne: Mikkel Mortenseeputy Manager Port Service in
Port of R¢,nne (Referred to as Mortensen). The included participants are only a small representation of the actual network,
meaning other angles and a broader perspective could have been achieved if
Baltic Energy Island: Kim F¢ndsundberg, Senior Business other or more participants were included. Within this study, maitiyrs with
Development Manager Baltic Energy Island at Copenhagen Capacity a direct interest in a Pow#n-X plant have been interviewed, however,
(Referred to as F¢ nilsundberg). involving actors such as farmers or someone from the tourism industry could
contribute with other relevant interests and perspectives. Implementation of
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Powerto-X on Borrholm is still not decided, however, if the project becomes to the semstructured interviews, which has ensured relevant questions to be
a reality, the investor and developer would be important to involve. asked (Andersen, 2008). However, the interviemeas not obligated to follow
Furthermore, the inclusion of local organisations, actors, and citizens in the the interview guide (Andersen, 2008) and the respondent was allowed to
area has been limited. This is a limitation biststudy, even though the elaborate on their answers, which makes the interview more of a dialog
involved actors contribute with essential knowledge and information about the (Brinkmann & Tanggaard, 2010) with space for curiosity (Andersen, 2008).
subject. However, the involved participants have been decided with care, Since the smi-structured interview allows for shifting between understanding
based on the limited time and size of the project. of the object and engagement, the hermeneutic spiral became effective. The
Actor-Network Theory and critical hermeneutics has been crucial for the
The roles of the differdrparticipants are described in Chaf@es Interviews. development of the interview guides, meanigathered knowledge from
previous interviews impacted the development of the following interview
Furthermore, we also participated in a citizen meeting on Bornholm, where guides since our understanding and knowledge within the subject has been
different relevant representatives spoke and presented their opinion aboutconstantly developed and expanded.
Energy Island Bornholm. At the end of the meeting,got the opportunity to The interview guides were built on an initial @mstanding of Poweto-X and
speak with several citizens, who enriched us with inputs and opinions. The which impacts it could have for Bornholm.
minutes from the citizen's meeting can be found in Appendix O.

All conducted interviews, besides the ones with representatives from Port of

= R¢nne, were recorded atrdnscribed The interviews varied in length from
5.3 Interviews ¢ J
30-60 minutes. The process andrpose of the interviews will briefly be
have been conducted with the previdisted participants. Qualitative reflections.

interviews can be executed in different ways which impacts the gathered
knowledge from the interviews. Besides the preliminary informant interview
conducted in the early stag of our data collection, sessiructured interviews

have been the main interview method. An interview guide has been made prior
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5.3.1 Preliminary Informant Interview 5.3.2 Interview with the Danish Energy Agency

In the initial phase, an informant interview was completed with Maja Felicia Rasmus Zink S¢rensen, Deputy Head of Division, Centre for Energy Islands
Bendtsen, Busiss Manager at Port of R¢ nne. Bendtsen has a background inat the Danish Energy Agency (DEA), was interviewed to get a common
chemical engineering and has previously been the project manager of aunderstandig of the energy island project at PoweiX development in
Feasibility Study for Poweio-X on Bornholm. Currently, Bendtsen works Denmark. Furthermore, was the interview used to gain an understanding of
with the mission of getting Powéo-X implemented on Brnholm. One of which role the Danish Energy Agency has in the implementation of a potential
her main tasks is to break down barriers related to RPawXrby sharing Powerto-X plant on Bornholm, which environmt impacts could be
knowledge and information about the technology with citizens and local expected, and how the Danish Energy Agency works with those. The
actors. Since Bendtsen is experienced in the field she was assumed to have ainterview was also used to gain knowledge about how the Danish Energy
extended understding and knowledge about the current state and political Agency works with Energy Island Bornholm, how much overplanting is
agenda on Bornholm, the interview had an explorative approach. The focus expected, which actors they cdi@ated with in the project, and how far the
during the interview was to let the respondent take the lead, bentipdad, development of a potential Powter X plant on Bornholm is.
and not bias the answers.

The transcription of the interview can be found in Appendix A.
Because the interwe with Bendtsen was conducted in an early stage of the
project work, the preliminary interview was used to get an insight and 5.3.3 Interview with Danish Institute of Fire and Security
understanding of the current energy system planning on Bornholm, and which Technology

goal the island has for the future.
Danish Institte of Fire and Security Technology (DBI) are specialists within

. . . . . . fire and safety risks and offer different services in fire engineering, security
Minutes from the interview can be viewed in Appendix M.

and fire prevention. Furthermore, DBI has an extensive course business,
educating customers within fire andceédty regarding different materials,

industries, technologies, businesses, etc. (Danske Boan8ikringsteknisk
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Institut, n.d.A). One main goal for DBI is to give holistic solutions based on The purpose of the interviews was to investigate the opinion of the
years of experience and professional knowledge. DBI constdatiglops municipalty regarding Poweto-X on Bornholm and to gain an idea about
new knowledge following the development in society to achieve the best which opinion they experience regarding the subject. Furthermore, were the
possible security solutions (Danske Braad Sikringsteknisk Institut, n.d.A). interviews used to get insights of how far the development of PtwaXéron
Bornholm is at the current stage, and whisize, location, capacity,
Jesper Sj¢rvad, Business Developer within green fuels, and Jorge Ivanconsumption, production, supply, and earéduct from the Poweto-X plant
ContrerasCardeno, parof the Poweito-X team, were interviewed together, the municipality currently is aiming for.
to get insight information about safety measures related to implementations of
Powerto-X. Furthermore, the interviews were used to gain knowledge about The transcriptions of the four interviews can be found in Appendix C, D,
safety, fire, and explosion risks related to PeteX, depending on which F, G.
endfuel the plant produces.
5.3.5 Interview with BornholmEnergi & Forsyning

U119 Ul TNl @7 S USRI T |2 eUle A A Iile b 2 The Vice President, Klaus Veslcv, working with Public Affairs,

Communication, and ESG in Bornholms Energi & Forsyning (BEOF) was
5.3.4 Interviews with Regional I\/Iunicipality of Bornholm interviewed to get an understanding of the current energy system at Bornholm
In total, four different respondents from the Regional Municipality of and how Poweto-X could be mplemented. The interview contributed with
Bornholm were interviewed; Mads Boss, Head of Development and Planning, knowledge about the water, electricity, and heat infrastructure on Bornholm.
Svend Bilo H¢egh Stigsen, Architect and Planner, Lilian Rasch Madsen, Furthermore, the interview contributed with knowledge about potential size,
Director, and Jacob Tr¢st, Mayor. The respondents from the municipality location, capacity, supply, distribution, and potential-prmtuct productions
were interviewed to get an understanding of thetipal agenda and the from the Poweto-X plant.
priorities of the development of Bornholm. The four actors were placed at
different positions making them represent different interests in the The transcription of the interview can be found in Appendix H.

municipality.
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5.3.6 Interview with Port of R¢,nne

Besides Bendtsen from Port of R¢ nivikkel Mortensen, Deputy Manager

of Port Service in Port of R¢,nne was interviewed. The interview was used to
get information about how they are building wind turbines at the port for
offshore wind turbine projects. The port has been through an expattsion,
make it possible to assemble wind turbines for the future wind turbine project
at the port.

The interview with Mortensen varied from the other interviews since it was
more of a dialog while we were given a tour at the port to see the large

expansion adh turbine components.
The summary of the interview can be found in AppendiX .

5.3.7 Interview with Baltic Energy Island

Baltic Energy Island is a business fund aiming to promote development of
new energy technology solutions, green fuels, addcation focused on
Energy Island technologies on Bornholm. The fund functions as a hub creating
interactions in the energy sector between stakeholders, innovadinds
entrepreneurship with the ultimate goal of fostering local business and
economic growh on Bornholm (Baltic Energy Island, n.d.).

Kim F¢nssLundberg, Senior Business Development Manager Baltic Energy

how the initiatives from Baltic Energy Island can reduce Bornlsotailiance

on fossil fuels and promote a more sustainable energy system.

Furthermore, the purpose of the interview was to gain information about how
Baltic Energy Island expect PowtrX can be implemented on Bornholm,
which actors they collaborate witand which potentials a Pow&r-X plant

on Bornholm can contribute with.
The transcription of the interview can be found in Appendix I.

5.3.8 Interview with the Technical University of Denmark

Jo<o Mg ller,Developer for Residential College on Bornholime Technical
University of Denmark (DTU), establishes relationships between actors and
organisations on Bornholm. Furthermore, M¢ ller focuses on the development
by attracting knowledge to the island in the form of students and innovative
projects. M¢llerwas interviewed to collect information about the current
relationships between companies, politicians, and citizens on Bornholm, and

his take on the opinions about a potential PetweX plant on Bornholm.

The transcription of the interview can be foundin Appendix J.

5.3.9 Interview with H ST PtX Esbjerg

Island at Copenhagen Capacity, was interviewed to get an understanding of 1 ST PtX Esbjerg is one of the leading PovterX projects in Denmark,

using solar and wind energy for green ammonia production. The produced
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ammonia is stored and used for artificial fertilisers amels in shipping.
David DupontMouritzen, Project Director in H ST, was interviewed to gain
insight into their experiences and learnings from the project in Esbjerg.
DupontMouritzen contributed with knowledge about how H ST works with
the implementation foPowerto-X, regarding involvement of actors, size,
consumption, capacity of the plant, water supply, production of ammonia,

safety, and the impact on the environment.

The transcription of the interview can be found in Appendix K.

5.3.10 Interview witrEverfuel

The purpose of interviewing Ulrik Torp Svendsen, Director of Peiwet
Development at Everfuel, was similar to interviewing Dugdauritzen. The
mission of Everfuel is to enable Europeaite production, distribution, and
refuelling of green hgrogen and offer hydrogen supply as a substitute for
traditional diesel and gasoline within healyty vehicles and industrial
stakeholders (Everfuel, n.d.A). Everfuel currently work targeted towards
establishing facilities for hydrogen production andribistion across Europe
and creating key partnershipéverfuel, n.d.A). Interviewing Svendsen,
contributed with knowledge, experiences, and learnings from their ongoing

projects, mainly focusing on their current project in Fredericia.

The transcription of the interview can be found in Appendix L.

5.3.11 Reflections of the Interview Method

The majority of the interviews were made in one week on a trip to Bornholm,
and all interviews were completed within a month, meaning that the previous
interviews werdresh in mind when interviewing. At most of the interviews,

all three group members were present, one as an interviewer, one as a
notetaker, and one as a secondary interviewer. Having all group members
participate, allowed time for reflection during theterviews, followup
guestions to be asked, and improved the basis of knowledge for all group

members.

It is important to acknowledge that the participants represent large
bureaucratic organisations, and their statements, observations, and point of
views may not fully represent the official positions of their respective
organisations. Including interviews with other employees could have yielded
variations in the data, providing additional perspectives. However, the study
encompasses thirteen represengsivifrom different organisations and
positions, which enabled different statements and diverse perspectives,

resulting in robust and comprehensive empirical data.

The interviews were conducted in either Danish or English, which were
decided by therimary language of the interviewees. This choice was made
to minimise potential misunderstandings and limitations in expression, aiming

to achieve the best possible outcomes. Quotes from the Danish interviews,

28



used in this report, have been translatedjisy for concise translations. Even 12. CIP/ rsted Project

though interviews have had a crucial role in data collection for this study, itis The division helped structure the gathered information, and hindered

important to acknowledge that there is a risk of misinterpreting the prejudices and personal understandings to impact the results (Bryman, 2012)

interviewees and given statements (Brinkmann & Tanggaard, 2010). which are used throughout the two analyses of this thesis.

5.4 Coding of Interviews 5.5 Geograpical Information System

After conducting the interviews, they have been coded in twelve different This chapter outlines the methodology used to investigate the potential effects

categories. The categories are made based on the consistent topics toucheof implementing a largscale Poweto-X plant on the local community,

upon during the interviews (Bryman, 2012), the problem statement, and environment, and area of Bornholm. The study employs a mapping method to

research gestions. The codes used to process the interviews are: analysesuitable locations for the Powt-X plant and assess its impact. The

1. Water (qualities) required in a PowterX plant rationale for using mapping methods, and the mapping used in the research
2. Security in and around a Powter X plant will be described. The method has been used to make maps of the current
3. Location (potential) of the Powso-X plant locations of water technologies and &g infrastructure on Bornholm.

4. Size (Ha, GW, etc) of the Powtn-X plant Furthermore, the method has been used to map the location of the transformer
5. Political opinionsabout Poweto-X on Bornholm station and visualising the surrounding nature and protected areas used to
6. Citizen attitudes about Pow&s-X on Bornholm recommend a location for a PowterX plant in the future. The maps arsed

7. Possibilities / Potentials for the futu@lys, more people moving in) in the first analysis of this repoié.(Powerto-X Infrastructure on Bornholim

when implementing Powdp-X on Bornholm

8. Technical challenges and potentials (surplus heat, energy waste, etc.)Mapping methods provide a visual representation of spatial data, enabling
when implementing Powep-X plant on Bornholm researchers to analyse key regulatory areas, water sources, and infrastructure

9. Environmental impacts from a Powter X plant related to the &werto-X plant (National Geographic, n.d.). By using mapping

10. Local planning techniques, the study aims to evaluate the suitability and impact of different

11. Energ Island Bornholm implementation sites on the local community, environment, and area of
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Bornholm (National Geographic, n.d). Maps melisualise spatial guestion that needs to be answered (Flyvbjerg, 2@i®)argescale Power
relationships and understand the potential implications of the Roweér to-X plant at Bornholm is treated as a critical case due to its strategic
plant in a geographic manner (National Geographic, n.d). importance in addressing a general question related to the impact of a Power
Geographical Information System (GIS) is a tool for spatial analysis and to-X implementation.

visualisation. It integrates viaus data layers, such as regulatory zones, water

sources, and existing infrastructure, into a comprehensive map (National By considering the Powdo-X implementation on Bornholm as point of

Geographic, n.d). GIS software, QGIS, is used to create thematic mapsdeparture, the study assumes that if it proves this specific case, it can also be

displaying relevant spatial information (National Geographid). These applicable to other similar cases. This aligns with the concept of a critical case,
maps provide insights into suitable areas for the Pawvrplant and help which aims to illustrate questions critical to the general issue (Flyvbjerg,
identify potential conflicts or synergies with existing features. 2010). By studying the specific dynamics and outcomes of the implementation

of a largescale Poweto-X plant on Bornholm, the study seeks to provide
5 6 Case StUdy insights that can be valuable for understanding and addressing similar cases in
the future.
The selection of the case study research method stems from its ability to
facilitate athorough and irdepth analysis of a specific case, allowing for the Implementing a largescale Poweto-X plant can have significant
potential to draw conclusions which can be generalised (Flyvbjerg, 2010). The jmpjications for the local community7( The Interactions of Implementing
objective is to comprehensively investigate all pertinent aspects that may pgowerto-X on Bornholy Studying the impact of such a project on the
influence a study or research feed on understanding the effects of Pewer community allows researchers to understand the social, eagreord cultural
to-X implementation on Bornholm. factors that influence community acceptance, engagement, and participation.
This case study can provide insights into the strategies and mechanisms

In this study, the investigation of the impact of a lasgale Poweto-X plant needed to foster community support and address any concerns or challenges
on Bornholm on the local commity and area is approached using the theory  {hat may arise.

of a critical case. Drawing from Flyvbjerg's (2010) definition of a critical,

which can be defined as a case of strategic importance in relation to a general
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Case study is in this research used to provide insights into the environmental
benefits and tradeffs associated with Powo-X plants, identify ways to
mitigate any negative social or cultural effects, and enhance the positive

aspects of the project.

By using the theory of a critical case, this study acknowledges the importance
of examining the largacale Poweto-X plant on Bornholm as a strategic and
illustrative case that can contribute to the broader understanding of the impact
of largescale Pwer-to-X projects on local communities and areas. The
findings from this critical case study can help inform decisi@king, policy
development, and the sustainable implementation of Rtétechnologies

in various contexts.
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Within this report, environmental and safety challenges regarding the Furthermorethe plant is expected to impact the sunding environment,

implementation of Powelo-X have been pointed out as a problematic

which also is investigated within this analysis regarding safety measures,

knowledge gap that needs to be investigated further to understand the impacpotential risks, ajrand noise pollution.

a Powetto-X plant hason the surrounding area. This analysis will elaborate
upon environmental and safety challenges of implementing Pmwéein the
local context of Bornholm, by answering the following questtdow will a
potential Poweito-X plant impact the energy systeand the local area's

environment, safety and water supply?

However, to answer the above question, it is essential to understand how the6

energy system, water infrastructure and environment at Bornholm is at the

current stage. The first part of this aradywill therefore investigate the

current infrastructure at Bornholm related to a potential Pdovr plant,

The last part of the analysis sums up the identified potentials, contributions,
and challenges of implementing PowerX at Bornholm, to develop
recommendations of a suitable location for a PewweX plant on Bornholm

as well as what engroduct is most beneficial for the island to produce.

1 Current Infrastructure on Bornholm

To understand the impact of a potential PeteeX plant on Bornholm, the

current infrastructure on Bornholm related for PoweK implementation

including the current energy system and water infrastructure. Hereafter will and involved actors are investigated. The chapter identifies how the current

the impacts of the implementation of the Energy Island Bornholmttznd

related transformer station be analysed.

energy system works, which resoes and technologies Bornholm uses, and

how the energy is distributed between consumers. Furthermore, the current

After having developed an understanding of the current stage on Bornholm, water supply, distribution, use, and wastewater are identified to understand the

the analysis digs into which impacts the PoweeK plant will have on the
local community. The plant has the potential to contributé airplus heat
and production of either hydrogen, ammoroa,methanol. Although the
implementation of a Poweéo-X plant has several unknowns, several benefits

appear which will be elaborated upon.

current situation at Bornholm. The different technologiethiwithe current

energy infrastructure are visualised in Fig8re
Currently, all electricity, heat, water, and wastewater are managed and

distributed around Bornholm by the meultiility company Bornholms Energi

& Forsyning (BEOF) (Bornholms Energi ogisyning, n.dA; Bornholms
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Energi og Forsyning, n.B). BEOF is in principle owned by the citizens of
Bornholm through the Regional Municipality of Bornholm and is one of the

biggest supply companies on the island, meaning they have large impact on

the searity of supply, welfare, growth, development, and the green transition /Hj\ FH [ (]

(Bornholms Energi og Forsyning, rBJ. One of their main focuses is to Onshore Wind SmZPower S e
BEOF BEOF

Sweden

create an intelligent green transition and growth through efficient supply. 81484 Mwh 791 MWh

% (2)TV UR O H-Ulvy ddmpaiyOald results in a large responsibility

in Bornholm's target of achieving net zero in 2040 and a sustainable society E I

with renewable energy (Bornholms Energi og ForsyningBi.d.

Combined Heat & Incinerator
Power Plant Waste
Biomass, Coal & Oil BOFA
BEOF and
5i 0.0 Hater & Heat

6.1.1 Energy System I E

To ensure a common understanding of the energy syaté&ornholm, the

Combined Heat & Heat Plant
. i Power Plant Biomass
purpose of this chapter is to present how the energy system currently Biogas BEOF and

Bornholms Bioener gi 5 Q Q Hater & Heat

distributes energy sources. The energy system of Bornholm is visualised in

Figure4.

Figure 3 ,OO0OXVWUDWLRQ RI %RUQKROPTV HQHUJ\ VXSSOLHUV
(Energistyrelsen, 2019).
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Figure 4 Input-output model of Bornholm®s current energy system. Own production, made in Miro (Kristensen, 2022; Energistyrelsen, 2019; Bornholms Energi og Forsyning, n.d.E; R,
2019; Klima-, Energi- og Forsyningsministeriet, n.d.)



6.1.1.1 Electricity on Bornholm Forsyning, n.d). When BEOF is producing electricity for the Danish and

Currently, Bornholm is dependent on electricity fromalbowind turbines, Nordic electricity grid, biomass and fossil fuels are used in the combined heat

solar power, a combined heand power plant (CHP) fueld by biomass, oil, and power plantin 2021 it resulted in higher use of fossil fuels than

and coal, and electricity from Sweden (Bornholms Energi og Forsyning, anticipated due to the energy crisis (Bornholms Energi og Forsyning).n.d.

n.dB) received through three submarine cables (FiguEerginet, 2022B). The use of fossil fuels for electricity production was therefore higher in 2021
compared to previous years (Bornholms Enegg-orsyning, n.dB). In 2021,
0:K RI HOHFWULFLW\ ZDV SURGXFHG E\ FRD

combined heat and power plant, which is 11.7% of the total electricity

7KH VXEPDULQH FDEOHV WR 6ZHGHQ FUH D W H"HUCER SYRPLIRS EIY9 o YUK B kRO P TV

electricity grid to the Nordic energy system securing Bornholm is connected

The electriciy input and output of the energy system is visualised with blue

lines in Figured.

_ - 6.1.1.1.1 Combined Heat and Power
to power when Bornholm is hable to produce enough electricity to meet the

electricity demand (Bornholms Energi og Forsyning, Bj.dAt Bornholm, Most of the electricity on Bornholm is produced from the combined heat and

BEOF is responsible for distributing the electricity to the grid, which is owned POWer plant located in Port of R¢nne and owned by BEOF. In 2021 56.7% of

by the Energy Group Ewii, and the grid is referrec$sTREFOR EENET the electricity produced on Bornholm was produced by the plant. From this,

“st (Bornholms Energi og Forsyning, ni; EWII, 2021). 45% stemmed from biomass (mainlped chips) and 11.7% stemmed from

oil and coal (Bornholms Energi og Forsyning, B)d.

Even though BEOF is responsible for the security of supply at Bornholm, they BEOF expects the use of wood chips for electricity production in the combined

work together with Energinet, responsible for the security of supply in heat and power plant to decrease, since they account biomass as a transitional

Denmark and ensure equal marketess to the electricity and gas grid fuel, which BEOF predict to be substituted by new technologies in the future,
(Energinet, n.d.C), hereby also on Bornholm. However, the collaboration with for example, developed as part of the Energy Island Bornholm (Bornholms
Energinet means that in certain cases BEOF has to contribute to producingEnergi og Forsyning, n.g).
electricity to the Danish and Nordic electricity grid for the mfsDenmark

and other Nordic countries in cases of power shortage (Bornholms Energi og
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The combined heat and power plant also delivers heat for the district heating

nework at Bornholm, which will be elaborated upon in Chaidr.1.2.1

District Heating .

0
6.1.1.1.2 Renewable EnergWind Turbines, Solar Power, Biogas, and — +
Biomass I | Generates

As mentioned, the combined heat and power plant in R¢nne, among other o omres ST el

VLilLLs
Raaaa

VIl
AN NN

282,563 MWh
fuels, uses biomasand biomass is also used by other decentralised heat
plants on Bornholm to supply district heatirtgl(1.2.2 District Heating QL‘:,”,?,'
BEOF is the largest customer of biomass on Bornholm and considers biomass 6,570 15,611
Households Households

as an important tool to reduce the use of fossisfumit the supply of biomass

in the energy system is seen as a temporary step to becopee@al. £ :
Biomass consumption at Bornholm contains straw (22.4%), wood chips ﬁ ﬂ“ o
(77.2%), and wood pellets (0.3%), and 86% of the used biomass is locally ﬂﬂ

produced (Borholms Energi og Forsyning, nB). As illustrated in Figuré,

biomass on Bornholm was used to generate 29,564 MWh of electricity and
282,563 MWh of heat in district heating (Bornholms Energi og Forsyning, Figure 5 lllustration of annual electricity and heat production in relation to the number of

. . households it can supply. Own production, made in Pages (Bornholms Energi og Forsyning,
n.dB), which is enough energy to supply 6,570 $eholds annually (two n.dB; Bolius, 2023).
adults and two kids) with electricity (Bornholms Energi og Forsyning, n.d.D;
Bolius, 2023) and 15,611 households (18€ with heat through district

heating in 2021 (Bolius, 2023).

To secure only sustainable biomass is used, the targeBEQF is to achieve
98% use of sustainable certified wood chips and pellets (Bornholms Energi og
Forsyning, n.d).
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Bornholm also has a biogas plant, operated by Bornholms Bioenergi, with a 6.1.1.1.3 Electricity Emergency Supply

capacity of 135,000 tons/year (Bornholms Landbrug-gdevarer, 2023), When the renewably produced energy from Bornholm is not able to cover the

located close to Aakirkeby. The plant generates both electricity and heat for demand on the island, subrina cables from Sweden are used to cover the

SIS WOEIE) () Sl MERLTS Se| S EmErier onss SRse Jom JEes demand. In total the three submarine cables from Sweden have a capacity of

farmers as biomass sources (Bornholms Landbrug & F¢devarer, 2023). The60 MW and are connected to Hasle on Bornholm with Borreby in Sweden, see

main purpose ahstalling this plant in 2007 was to improve the environmental Figure 6 (Klima-, Energi og Forsyningsministeriet, n.d.; Enargt, 2023)

SOEREENEES G W Lse oF Wirile (Horiuelms Lallaiug) ¢ I:‘;devarer’Multiple times, Bornholm has been affected by failed power supply caused by

22 I [ 202, & et [plel ol ENEgees o Serirrelin e pulslsee siin damage from ships sailing into the submarine cable, leaving the citizens of

2 VIO B &) SEITEERT METEESE i [SeEes Piree (12 HEme, 5 & Bornholm in the dark until the local power supply system is up and running.

capacity up to 600,000 tons/year. The plan is built upon a target of using local When the conneion to Sweden fails, Bornholm has an emergency power

biomass resourcés producebiogas and green fuels (Bornholms Landbrug &
F¢devarer, 2023).

plant located in Port of R¢,nne enabling a full power supply within six hours.
The emergency power plant runs on oil and coal, measi@gy time

Bornholm turns on the emergency power plant it has atiregenpact on the

Bornholm also produces electricity from locally inktdl onshore wind CO-emissions of Bornholm (Bornholms Energi og Forsyning, B).d.

trbines and solar power. In total, Bornholm produced 31.484 MWh of Therefore, it is crucial for Bornholm to acquire an energy source that makes

electricity from onshore wind and 791 MWh of electricity from solar power them independent of the electricity supplied by Sweden, thus obviating the

in 2019 which is directly used in the electricity grid (Figdir&nergistyrelsen, need to activate &hemergency power facility which potentially could be

2019). The tal wind and solar power accounted for 85.4% of BornHpim Energy Island Bornholm (Appendix F; Appendix H).

electricity production in 2019 (Energistyrelsen, 2019).
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Import & Export

L

Submarine Cable
Electricity
Sweden

Figure 6 lllustration of the submarine cablds SwedenOwn production, made in Pages
(Energinet, 2023).

6.1.1.2Heating on Bornholm

The heat infrastructure at Bornholm is visualised in Figuvéth red lines

and is currently distributed between district heating and individual heating.

6.1.1.2.1 District Heating

Currently 13,351 households, out of 20,320 houskhabn Bornholm are

customers within the larger cities of Bornholm. They also supply district
heating for R¢,nn¥and og Varme, responsible for the district heating network
in R¢nne and supply drinking water to parts of Bornholm (Bornholms Energi
og Forsyning, n.@®). The district heating network of Bornholm is visualised

in Figure?.

The district heating plants ddornholm run by biomass, and as previously
mentioned in Chapte8.1.1.1.2 Renewable EnergyWind Turbines, Solar
Power, Biogas, and Biomas®8ornholm is aware of using sustainable,
renewable, and certified biomass for energy production (Bornholms Egergi o
Forsyning, n.d). Thereby, the district heating grid is almost 100% powered
by renewable energy besides the heat from the power plants that occasionally

use oil and coal (Bornholms Energi og Forsyning,B).d.

R¢nne Vand og Varme and their district tieg grid in R¢,nne are supplied

with heat from the combined heat and power plant located in Port of R¢,nne,
which also delivers electricity to the islan@.X.1.1.1 Combined Heat and

Power, Bornholms Energi og Forsyning, Bd. DQG E\ KHDW IURP %:
incinerator (BOFA, n.d.). BOFA is the waste treatment company at Bornholm
(BOFA, n.d.). The combined heat and power plant is fired with biomass and

in 2021 55,762 tons/year of wood chips were used in the plant (Bornholms

heated by district heating (Danmarks Statistik, 2023A; Danmarks Statistk, (QHUJL RJ JRUV\QLQJ @ne@tor Eceiviis2yae\suita®le for
2023B), whereof BEOF distributes district heating to more than 6,500 incineration from the island, which in total is around 20,000 tons/year (BOFA,
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QG 7KH KHDW IURP %2)$M1V LQFLQHUDWRU F°

heat consumption in R¢nne (BOFA, n.d.). However, BOFA's ingioeis A ' p;we';i:l;°“ea""°”a”‘
H[SHFWHG WR FORVH LQ -Dagte DAV (BRFAY 2 ) § i‘? zz:::mndmmm
2019). The vision for BOFA in 2032 is to treat all waste as a resource by : / ; N Heating Pant
recycling, meaning Bornholm will not have any waste and the incinerator will -

close (BOFA, 2019), resitig in a need for the district heating to be supplied » - »

in other ways. Closing the incinerator is not only a benefit for the island, since 4

it will mean a source for carbon is removed, which has the potential to be used

in Powerto-Methanol production in thiuture on Bornholm. How Poweo- =

» ()
Methanol production proceeds is elaborated in Chap®R.2.3 Poweto- ' v »
Methanol
0 5 10 km
Besides the district heating in R¢nne, Bornholm has four decentralised district = ==
heating plants fired by wood chips, straw, and slurry (F6g) and three Figure 7 Map showing where plants producing heat are located on Bornholm. Own production,

L. . . made in QGIS (Appendix R).
reserve district heating plants fired by wood pellets and straw (Bornholms

Energlag Forsyning, ne), The overall heat loss in the district heating network on Bornholm is relatively
high, due to long distances. The long distances make the distatnd
network more vulnerable to impacts from the weather, leaks, and breakdowns.
In total in 2021, the heat loss in the district heating network was 25.3% from

decentralised district heating plants (Bornholms Energi og Forsyning)n.d.
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6.1.1.2.2 Indivilual Heating 6.1.2.1 Water Supply

Individual heating is mainly used in smaller towns and rural areas on Bornholm has 18 water plants located around the island, supplying the citizens
Bornholm. Typically oil boilers, individual heat pumps, or biomass boilers  with drinking water (Bornholms Regionskonune, n.d.A, Figure 10). The
are used for individual heating (Energistyrelsen, n.d.C). water plants deliver water to 93% of the citizens, while the last 7% have

According to Danmarks Statistik, 2779 households are still heateall by individual drinking water plants (Bornholms

The annual available
drinking water resource
5.7 million m3

boilers on Bornholm, which corresponds to 13.7% of the househc Regionskommune, n.d.A). From Figuge it appears

(Danmarks Statistik, 2023A). However, Bornholm is in the process of phas that the annual water supply has been around 3.5
out all oil boilers and have stated in their energy strategy [Danish: Bornho million m® the last couple of years (Bornholms
Energistrategi 2040], they emworking towards phasing out all oil boilers by Regionskommune, n.d.A). However, this is far from
2030 (Bornholms Regionskommune, n.d.C). the total available water resources being around 5.7
The goal is to replace all the oil boilers with green solutions, and either ins million m® (Figure 9; Bornholms Regionskommune,

individual heat pumps, individual biomass boilers, or connect the building: n.d.A). The difference is illustrated in Figuse

thedistrict heating network (Bornholms Regionskommune, n.d.C). Currenuv. _
Figure 8 Total availabls

11.9% of the households on Bornholm, corresponding to 2411 householdsdrinking water resources  Four of the wéer plants on Bornholm are driven by
relation to the annual drinkir
heated by individual heat pumps (Danmarks Statistik, 2023A). water consumption. Ov BEOF, who in total supply 40% of the citizens on

roduction, made in Pa . .
?Bomhmms Regionskommﬁ Bornholm  with  drinking water (Bornholms

6.1.2 Water Infrastructure TR Regionskommune, n.d.A, Bornholms Energi og

Since Poweto-X technology is water consuming.@.1.2 Clean Water is a Forsyning n.d.B). Furthermore, the four water plants supply some of the
Scarce Resourgethe water infrastructure at Bornholm is presented and PIVETEl)) @RISR TS (s (20 Mol | Zrent) S Fersymmg, fei. Vi

analysed in the following chapters by investigating the camater supply, three water plants in R¢nne are owned by the private company R¢ nne Vand

distribution, use, and wastewater. The current water cycle on Bornholm is og Varme A/S and are responsible for supplying R¢nne with drinking water

presented in Figure (Bornholms Regionskommune, n.d.A). The last elevalemaants are owned

by private companies (Bornholms Regionskommune, n.d.A).
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Annual Water Supply ﬂ
3.5 mill. m 3
Combined- &
Consumers

Separate Sewer

Waste
Water

Annual quantities for treatment
The Water Cycle 7.027765 m3

Annually available
groundwater resource
5.7 mill. m 3 Water Supply

Decentralized

Treatment
Plants

2K

BEOF, 5iQQH
Water & Heat and
private supply w S0l
companies >,
_ e o e o Annual discharged quantities
Seepage and groundwater formation L it — g — g 6,969,469 m3
g i

Waterways

Figure 9 lllustration of the current water cycle of Bornholm. C
production, made in Pages (Bornholms Regionskommune, r
Bornholms Energi ogorsyning, 2021; Appendix H; Appendix M.
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The wastwater is treated through several steps in the treatment plants to

*Trea!menlplanl . i . . .
o % ) Water Supply Environmental Protection Agency and the municipality, the treated water is

Map

2 Water Supply & Treatment Plnts become purified and when it fulfils the requirements, decided by the Danish

discharged to the sea (Vandetsvej, )n.tHowever, within the process of
o * treating the wastewater large amounts of compostable surplus product is
o removed from the water as part of the purification. This surplus product is also
treated, whereafter it either can be used as incinerator or fertilise
* agriculture (Vandetsvej, n.d.).
(4] ¥ % : The Regional Municipality of Bornholm aims to purify the wastewater as
o | much as it is technically and economically possible. However, this ambition
oP o * is constantly challenged by different factors; the increased amounts of
g ‘D wastewater on Bornholm, more extreme weather with large amounts of rain,

o increase in social activities, and wastewater treatment from docked ships

0 5 10 km
L S—

(Bornholms Energi og Forsyning, n.d.B).

Figure 10 Map showing the location of wastewater treatment plants and water plants. Own 7R DFFRPPRGDWH WKH 5HJLRQDO OXQLFLSDOLW

production, made in QGIS (Appendix Q). maraging wastewater optimally, the treatment plant in Port of R¢nne is

6.1.2.2 Wastewater certified with 1SO14001 (Environmental management). BEOF operates

The wastewater on Bornholm is managed by BEOF who has seven wastewatefr"ccordmg B 0 s AT e et Sk et pEnls S

treatment plants located around the island (fd®; Bornholms Energi og Sl (Bernsiis Ensie) g RO, MelE) i, i it

Forsyning, n.d.C: Bornholms Energi og Forsyning, n.d.B). BEOF is plants purify around 7.0 million #nof wastewater each year (Figuge

responsible for the wastewater in sewered areas and responsible for emptyingBOrnhOImS EMETEL O Sarsiuing, 2020

schemes in rural areas of the island (Bornholms Energi og Forsyning, n.d.C).
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Currently, the wastewater treatment plants on Bornholm are decentradised

Figure10. However, Klaus Vesl¢ v, VP, Publidfairs, Communication, and cee., 'EXifEn
ESG at BEOF, explains BEOF is investigating the possibility of centralising
the treatment plants, in particular if the treatment plant is placed near a

potential Poweto-X plant (Appendix H).

Y

.” Wastewater

Wastewater
Treatment

6.1.3 Summary

%DVHG RQ WKH DERYH LW DSSHDUV %RUQK
infrastructure involve stakeholders, and energy and water technologies. Even : Drinking Water

though some of the technologies combine different functions, such as the °

Consumers ™=
Private-, Commercial-

combined heat and power plant delivgrimeat and electricity for the island, & Public buildings

most of the current infrastructure and different technologies are decentralised |
Heat »°
as visualised in Figurgél. Furthermore, Bornholm still relies on fossil fuels o

(oil, diesel, and coal) and biomass but has a goal ofqEh&®ut of the energy

system before 2040 (Bornholms Regionskommune, n.d.C).

District Heating Water Supply

For Bornholm to achieve a sustainable energy and water infrastructure, it is
essential to consider how they can implement more synergies and sector
couplings in their energyystem. Therefore, the following chapter will

investigate the potential energy system transition on Bornholm. Figure 11 lllustration of current infrastructure systems and consumers on Bornholm showing
the interactions between the technologies. Own production, made in.Pages
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6 2 FUtU re Energy SyStem Transition on Such an implementation takes up space affecting the island. In Higjthe

energy techologies are visualised after Energy Island Bornholm is

Bornholm implemented.

As mentioned in the Chaptér3 Bornholm: An Energisland in the Baltic

Sea it has been decided to build an offshore wind turbine farm connected to

a transformer plant on Bornholm, with a production of 3.2 GW of electricity /H:i\
per year from 2030. The offshore wind turbine will be installed south and

[— % /i\
Submarine Cable 400 kV - Station Offshore Wind
Electricity & Transformer 3,2-38GW
Sweden Energinet Private
Investor

Onshore Wind Solar Power
BEOF BEOF

southwesof Bornholm. The closest wind turbines to Bornholm will be placed

15 km from the shore and the wind turbines potentially could be over 350
metres tall, meaning the wind turbines will be visible from Bornholm E I

(Bornholms Regionskommune, n.d.B). Cambined Heat & cinertor
Moreover,the developer will have the opportunity to overplant and thereby :Omggﬁ&éfom' acrn
install a higher capacity wind energy of a maximum of 3.8 GW. Whereby, the

3.2 GW are planned to be connected to the grid, up to 0.6 GW is for E

overplanting and will not be connected to thigl ¢t.3 Bornholm: An Energy O o P Giomass.
Biogas BEOF and
Bornholms Bioener gi  5;QQ Hn@ & Varme

Export

/H\T [ (]
T /i\ Submarin_evcahle
Electricity
ﬁ\ ﬁ\ Germany & Zealand
Figure 12 lllustration of energy technologies after Energy Island Bornholm is implemented.
offshore wind trrbine farms being significantly larger in scale compared to ~ ©OWn production, made in Pages (Energistyrelsen, 2022A; Energidet)n.

the 15 existing farms in Denmark that have a total capacity of around 2.298
GW (Energistyrelsen, n.d.B).

Island in the Baltic Seéa (Energistyrelsen, 2022A), meaning it could
potentially be used for Pow#s-X. The implementation of Energy Island

Bornholm can be seen as a pioneer project since it varies from previous
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The implementation of the energy island will require a transformer station on
I Transformer Station

Bornholm to transform the energy before being sent to Zealand and Germany. Trensionmer Staton Cable Aree
This station will affect the surrounding area. It is the Danish National A S
transmission operatoEnerginet, that is in charge of designing and placing

the transformer station for Energy Island Bornholm (Energinet, n.d.A). The
decisionmaking and designing of the transformer station have been going on

for a while (Energinet, n.d.A) and the area canseen in Figurel3. The

technical part of the transformer station takes up 52 hectares but in total with

roads, planting, and other matters it will take up around 107 hectares
(Energinet, n.d.A). Energinet is aware that the transformer station will affect

the area since the construction is large and bulky and have, therefore, beer
working on including the citizens in the planning to minimise the negative

impacts on the area (Energinet, n.d.A). However, it cannot be avoided that

0 5 10 km

such a large construction wihean that some homand landowners will lose e S,

their homes, either by agreeing to sell or by expropriation by the government. Figure 13 Map showing planned location for the transformer station of Energy Island

q : ] Bornholm. The transformer station takes up 52 hectares, but including roads, planting, etc. it
Nearby homes will also be affected by the transformer station, since they i,ycs yp 107 hectares. Own Production. Mgde in QGIS (Hansen 20223)_ planing

potentially also will experience the visual and envinemtal impacts and a
decrease in their house and land value (Energi¢, Bornholm, 2023), which also
will be elaborated further in Chapt&t The Interactions of Implementing

PoweFrto-X on Bornholm
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$W WKH PRPHQW WKH JRYHUQPHQWYV IRFXV
wind energy in the Balti&ea (Hansen, 2023C) speakindavour of a future
with Powe-to-X on Bornholm. Investors have also seen the potential o )Hj\

- AR W 4

Submarine Cable 400 kV - Station Offshore Wind Offshore Wind
Electricity & Transformer 3.2-3.8GW 3.0GW
Sweden Energinet Private Open Door
Investor &,3 ‘UVw

installing offshore wind turbines by Bornholm as the renewable energ

Onshore Wind Solar Power
BEOF BEOF

investors Copenhagen Infrastructure Partners (CIP) and rsted are togeth
applying for two operdoor wind turbine projecteast of Bornholm with a
total capacity of 3 GW. The projects are respectively called Bornholm Bass E yimiy
“st and Bornholm Bassin Syd, both with a capacity of 1.5 GW. Copenhage Combined Heal & oo or o x plant

P r Plan
ower Plant 0.6- 3.6 GW

Biomass, Coal & Oil -
Private Investor

Infrastructure Partners has described potential cable run in their applicatic s, o8 s vame

anddoes see potential in connecting the same area as the transformer sta I

for Energy Island Bornholm is placed (Copenhagen Infrastructure Partnel

Combined Heat & Heat Plant

20227; Copenhagen Infrastructure Partners, B)2Z2he energy from these Power Plant Biomass
Bor nholaggBailzener g 5j Q%Elg:sag?/arme

EEEEE

Hlhi =

Germany & Zealand

wind turbine farms could beirectly connected to an electrolyser and solely
be used for Poweio-X ( rsted, 2022), as illustrated on Figudet.

Figure 14 llustration of energy technologies after implementation of Energy Island Bornholm an
open door wind project and Powa-X becomes a reality on Bornholm. Own production, made in |
(Energistyrelsen, 2022A; Energinet, mAd Copenhagen Infrastructure Partners, 2022A; Copenh
Infrastructure Partners, 2022B).

From this, there can be identified several scenarios of PmaAéron
Bornholm. If the developer of Energy Island Bornhdfishore WindFarm
instals the full capacity and thereby overplants 0.6 GW, this could be used for impact the physical size of the plahbwever, when talking to the different
Powekto-X. If both opendoor projects are implemented, the capacity for respondents from Bornholm, they estimate a maximum size of 90 hectares for
Powekto-X could be up to 3.6 GW and if the energy island is not overplanted the plant (Appendix D, F, M, I). It is therefore assumed in this report that the
but theopendoor project is implemented the capacity will be 3 GW. Which  size of the Poweto-X plant will be 90 hectares.

capacity is implemented on Bornholm will influence how it will affect the

island since it comes with pros and cons. The capacity of the plant will also
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6.2.1 Etimated Production of Powsr-X Tt

Electrolysis

Station
If a Powerto-X plant is to be implemented on Bornholm, it has the possibility /Hj\
. —— | || 4
to produce different types of eqmioducts {.2 The Concept of Powsr-X). W Water
ectricity

On Bornholm three different types of products have been discusmme]y:

Hydrogen

hydrogen, methanol, and ammonia (Appendix A, B, C,D, F, G, H, |, K, L, M, Bas
N) Renewable

Electricity ﬁ 1
Haber g LU g
BOSCh "
Powerto-Ammonia involves electrolysis, to convert electricity and water into
hydrogen. The hydrogen gas is then combined with nitrogen gas (N2) using
. Figure 15 lllustration of the HabeiBosch Poweto-Ammonia process. Own production, made
the HaberBoschprocess (lkSheimo et. al., 2018). The HaBesch process in Pages (Green Ammonia Working Group, n.d.).

typically involves the use of a catalyst, high pressure, and high temperature to

convert the hydrogen and nitrogen gases into ammonia)((ik&heimo et. Methanol is produced by converting renewable electricity into hydrogen gas
al., 2018). When producing ammonia, threféedent compounds are needed,  hrough electrolysis (Danish Ministry of Climate, Energy, and Utilities,
namely electricity, water, and ambient air (polluted air containing Nitrogen 2021C). Hereafter, hydrogen is mixed with carbon dioxide, which lban

and Oxygen) (Smith & Klosek, 2000). Electricity and water are used in the .54 red from industrial processes or directly from the air, and passed over a
electrolysis to produce hydrogen. Ambient air and electricity are usad in & aaiyst at high pressure and temperature. This causes a chemical reaction that
air separator, separating nitrogen from the air (Smith & Klosek, 2000). The produces methanol and water vapour (Danish Ministry of Climate, Energy,
Powerto-Ammonia process is illustrated in Figure. and Utilities, 202C). The Poweito-Methanol process is illustrated in Figure

16.
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Transformer
Station

— | ] 4
ot '_t' } % Water
ectricity

:ii

Electrolysis

Renewable
Electricity

=
(0]
(o))
o
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°
>

SIS

Power Plant
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% Methanol &“n—*
Carbon Plant Methanol

Figure 16 lllustration of the Poweto-Methanol process. Own production, made in Pages
(A.spire, n.d.).

whether it is hydrogen, methanar ammonia. Tabld shows the energy
efficiencies and the amount of energy generated for hydrogen, methanol, and
ammonia. Poweto-Hydrogen is the most energy efficient technology with an
efficiency of 66.5% (Danish Energy Agency, 2021), however challenging to
transport (Bellotti et al., 2022). On Bornholm, it is considered to either
produce liquid methanol or ammonia if a Pow@iX plant is implemented.

By comparing them, Powdo-Methanol is the most energy efficient
technology with an efficiency of 52.7%, whereas the efficiency for Peaver
Ammonia is 51.4% (Bellotti et al., 2022). Also, when investigating the fuels
density, metharlscores higher on volumetric energy density being 15.8 MJ/L
whereas ammonia has a volumetric energy density of 12.7 MJ/L (Aziz et al.,
2022). Despite methanol being the most efficient, ammonia is seen as the
solution long term as it does not require aoarsource to be produced and

The amount of product produced can vary based on the efficiency of the does notemit C&when combusted. This is further elaborated upon in Chapter

Powerto-X system. Additionally, the choice of product produced also affects 8- Discussion

the amount produced per unit of renewable electricity. For example,

producing methanol through PowterX is less efficient than producing

Table 1 presents estimated values for the production of hydrogen, methanol,

hydrogen or ammonia, so a smaller amount of methanol would be produced@nd ammonia, showing the quantity produced by Pdw&r plants with

per unit of renewable electricity (HST, n.d.; Haldor Tops¢e, n.d.; Danish  capacities of 0.6 GW, 3.0 GW, and 3.6 GW respectively.

Energy Agency, 2021).

These are important considerations when having to desigd fuel the

Powerto-X plant should produce. The energy efficiency varies depending on
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Table 1 Annual Production of Hydrogen, Methanol, and Ammonia from Pa@v&r Technology.

Capacity of Wind  Annual Electricity Annual Hydrogen Annual Methanol Annual Ammonia

Scenarios : > production Efficiency Production Efficiency production Efficiency
Turbines Energy Consumption 66.5 % 52.7 % 51.4 %

Overplanting < vy 3 TWh 2 TWh 1.6 TWh 1.5 TWh

(Energy Island)
|

B soaw 15 TWh 10 TWh 8 TWh 7.7 TWh

Orsted) ‘

Overplanting + 5 ¢ -\ 18 TWh 12 TWh 9.5 TWh 9.3 TWh

Open Door

Tablel displays the production capacities of different PowzeK plants in terms of hydrogen, methanol, and ammonia. The values represent the amount of fuel each plant can produoe
TWh (Energistyrelsen, 2023; Danish Energy Agency, 2021; Bellodti. e2022). Calculations, estimates and assumptions can be fodppandix P.

In Table 1, it can be seen how the estimated production of the different approach that has dominated the former planning of Danish energy

products varies depending on the size of the Péav&rplant. The estimated infrastructure (Skov et al., 2021; Lund, 2014). Since a Poavr plant on

values are based on arsasiption that the capacity of the wind turbine farms  Bornholm will result in a need for new technologies and infrastructure to be

is the same as the capacity for the electrolysis, and thereby also thetBower implemented and since it potentially ix¢liminate other technologies, it will

X plant. have a major role in the translation process of the energy system on Bornholm.
Therefore, implementing a Powtr-X needs consideration of the surrounding

6.2.2 Summary area, however, the impacts from the PoteeX plant will depend on the type

The abovedescribed implementation of Energy Island Bornholm and a EEMEETOE LE

potential Poweto-X plant can ke seen as an opportunity for Bornholm to

transform their energy system in a more sustainable direction. The 63 |mpaCtS Of POWQD-X

implementation of the new technologies on Bornholm is a step towards _ ) - _ o
_ ) _ _ ) ~_ The following parts of this analysis will investigate the potential impacts on
creating new energy synergies on the island and break with the silo thinking _ i i _ _
water resources, risks, air and noise pollution, and surrounding nature
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BORNHOLM A POWERTO-X ISLAND

depending on the produced emabduct. Likewig, the eneuel is important
for how the Poweto-X facility can contribute to the energy synergies on
Bornholm, both by being able to feed into district heating and prodficsse
for the transport sector.

Renewable
Electricity
Generation

Figure 17 lllustration of the synergies betweetiuels and district heating. Own production,

made in Pages.

Electrolysis
Synthesis &
Conditioning

v

District Heating

6.3.1 Water Challenges

As explained in Chapted.2.1.2 Clean Water is a Scarce Resource

E-Kerosene

Methanol &
Ammonia

o)

Methanol, DME
& Hydrogen

electrolysis process just needs watart the amounts and quality of water
required makes water supply a challenge. This will be elaborated upon in the
following chapter.

Implementation of a largecale Poweto-X plant on Bornholm would mea

an increase in water consumption caused by the high amounts of water needed
for electrolysis. The exact amount of water needed varies depending on the
electrolyser and its technical performance. To sense the degree of difference
between water consumpti@and the resulting hydrogen outcome, it can be
seen from a stoichiometric perspective (Simoes et al., 2021). From this
perspective, the electrolysis process consumes circa 9 kg of water to produce
1 kg of hydrogeras visualised in Figure 1(&hi et al., 200; Madsen 2022).
However, from a manufacturing point of view, the water consumption is even
larger, differing from 10.01 to 22.40 litres pr. kg hydrogen (Simoes et al.,
2021).

HOHFWURO\VLVY PDLQ UHOR Ktk seem\ba@ibat/theklU LQ 3RZHU
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BORNHOLM A POWERTO-X ISLAND

treating water is lowNladsen 2022). Figurel9illustrates the energy demand

for purifying water is 27 kWh depending on whether it is groundwater, treated
wastewater, or seawater in comparison to the energy demand needed for
electrolysis of the same amount of water. Hence, the need for expanding the
capacity of renewable energy is rmadependent on the amounts needed for

electrolysis rather than what the process of water treatment accounts for.

POWER USAGE

for
Electrolysis and Water Treatment

Ultra pure water to produce hydrogen

Figure 18 Visualisation showing the consumptiof ultrapure water needed to produce 1 kg of
hydrogen. Own production, made in Pages (Shi et al., 202@sen 2022).

Energy
required for
purifying 1 m3
water for
electrolysis

Energy required
for electrolysis of

Water supply is a challenge on Bornholm, since in recent years drought has 1 md of water

become a reality and during summer the highest level odrtheght index

has been reached (Danmarks Meteorologiske Institut, n.d.). This is a challenge

at the present time regardless of the island not having much industry that Groundwater & X & Scawater Electrolysis
. . L ) i 2 kWh . @ 7 kWh 5000 kWh

consumes high levels of water. This makes it quite conceivable that an island

already aflected by drought (Danmarks Meteorologiske Institut, n.d.) is going Treated

to be highly challenged if a Powta-X plant is implemented. Therefore, it is Wgz‘i‘“v’;;er

necessary to find alternative solutions for water supply such as seawater anc
wastewater (Appendix M). Purifyg water is energgemanding which

affects the overall energy efficiency of a PoweX plant. However, Figure 19 lllustration of the needed energy to purify $water for electrolysis in comparison
to the needed energy for electrolysis offbfwater. Own production. Made in Pagé4adsen

compared to the energy demand for electrolysis the energy demand forzozz)
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Furthermore, purifying water also leaves byproducts such as minerals which Table 2 Annual Water Consumption for PowterHydrogen.

are highly concentrated making it impamt to consider how it is managed to Annual Estimated Water Consumption
. . . . Scenarios Capacity of Power-to-X tar hvel ducti
avoid environmental impacts onshore as well as offshore (Appendix H). = IORHyCIogan proaucton
Overplanting 0.6 GW 544,091 m3
BEOF is currently responsible for treating wastewater but only to a degree of gpenpboor 3.0 GW 2,720,455 m3

85% to 90% pure (Appendix H). However, this does not meet the qoélity Grerplanting

o : 3.6 GW 3,264,545 m3
water needed for Pow#rn-X meaning it is required to further treat the water + Open Door m

before it can be used for electrolysis. This is something BEOF is considering Table2 displays the consumption of water for a Pos@Hydrogen with different capacities.
. L . . The values represent the amount of water each plant consumes per yéési et al., 2020;
as they see the benefits of purifying the water completely as it becomes easielcarhon Commentary, 2021). Calculations, estimates, and assumptions caurize if

to control the missions of byproducts (Appendix H). At present time, the Appendix P)
wastewater pollutes to some degree since it contains byproducts. Furthermore,

BEOF sees the implementation of Pow@iX as an opportunity to build one ~ BY implementing Poweto-X, it is possible to create synergies between
combined wastewater treatment facility insteafd having several small wastewater treatment and agriculture. When water is treated to the extent and
facilities as it is today (Appendix H). The 7,027,765/ymar generated  quality needed for Powdo-X, the process will create a compostable
(Bornholms Energi og Forsyning, 2021) wastewater on Bornholm can byproduct, whicthas the potential to be used as fertiliser for agriculture. The
potentially be purified and used for PowerX. As it appears from Tab2, surplus product can potentially also be used as biogas, and thereby contribute
Bornholm has enah wastewater resources available to cover the water !0 the district heating (Appendix H, Appendix ).

consumption in the different Powt-X plant capacities, if it is assumed that ~ The wastewater treatment plant can benefit fronfPtheerto-X plant because

9 kg of water is used to produce 1 kg of hydrogen (Shi et al., 2020). In cases,Within the electrolyser a surplus of oxygen is generated which can be used for
where the wastewater resource does not theavater demand for Power- wastewater treatment. The treatment plant and Pow¥mplant are therefore

X, itis an option to desalinate seawater or use technical water (Appendix K). beneficial for one another (Appendix H, Appendix I).

53



BORNHOLM A POWERTO-X ISLAND

6.3.2 Contributions iform of Surplus Heat and-ftiels During the electrolysis process in PovierX, there is a heat loss, which can

_ i be considered surplus heat (DaniBhergy Agency, 2021). However, the
Implementing a Powelo-X plant on Bornholm can contribute to the

_ o o _ amount of surplus heat produced can vary depending on the specific process
synergies of the energy system within the district heating network because of

) ) and system used (Danish Energy Agency, 2021).
surplus heat and the production efuels can contribute to the transport

SSelh UL EeHE) CLa=r LT If a Powerto-X plant was implemented on Bornholm the production of

surplus heat would be estimataslit appears from Tab® depending on the
6.3.2.1 Surplus Heat _
capacity of the plant.

The amount of surplus heat that a PoweK plant can produce depends on The estimated surplus heat increases depending on the size and has the
variousfactors, including the type of technology used, the capacity of the potential to be used for either district heating or other industrial purposes.

plant, and the operating conditions (Danish Energy Agez@31).

Table 3Annual Heat Production and Heat Loss from PoweiX.

8 Capacity of Wind Annual Electricity Annual Heat Loss Apnt{al 3urp|-us/ Annual Unrecoverable
Scenarios Turbin Energy Consumption  21.4 % Distict Heallnd ,,  heatloss 3 %
urbines rgy Consump 4 % Production 18.4 % o2 °
Overplanting 600 MW 3 TWh 0.642 TWh 0.552 TWh 0.09 TWh
(Energy Island)
Open Door (CIP/ 4 o v 15 TWh 3.210 TWh 8 TWh 7.7 TWh
Orsted)
Overplanting +  ; ¢ 18 TWh 3.852 TWh 2.760 TWh 0.45 TWh
Open Door

Table3 displays the annual heat loss, surplus/district heat&mgl unrecoverable heat loss from a Pow@iX plant with different capacities. The values represent the amount of fuel each
can produce per year in TWHhe surplus heat numbers are based on the PowvXrbeing able to recycle 18.4% of the energpsumption (Danish Energy Agency, 2021). Calculatio
estimates and assumptions can be foundippendix P.
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BORNHOLM A POWERTO-X ISLAND

6.3.2.1.1 District Heating Table 4Number of Households PowtrX Can Supply with Heat.

T . o . . C i Annual | Number of H hold
Utilising the surplus heat can provide district heating for Bornholm, leading g, onarios o:";v?;:y dis':rl:ct :l:;;‘sg/ (Sl::plgéiowithoszi:c HZating

to a reduction in dependency on fossil fuels and biomass, and increasing the Turbines  Production 18.4 % and Domestic hot water)
use of renewable energy sources (Appendix C, H, I, L). The three Rower

. . . - Overplanting
X scenarios, outlined in Tablg generate sufficient surplus heat to meet the  (Energy 600 MW  0.552 TWh 30,497 Households
district heating demand on Bornholm. For instance, the first scenario with a LT
plant capacity of 600 MW produces 552,000 MWh annually, exceeding the %:;7&?:3;1) 30GW |8Twh 152 486 Hopsenoids

district heating demand of 229.722 MWh (Figd)eHowever, as maioned

in Chapter6.1.1.2.1 District Heatingheat loss in the district heating grid Overplanting

3.6 GW 2.760 TWh 182,983 Households
+ Open Door

depends on the location of the Pow@iX plant of which longer distances
result in higher heat loss (EnergiTjenesten, n.d.). Therefore, to optimise the Table4 displays the number of households a PeteeX plant can supply with district heating

on a yearly basis. The numbers of households are based on an annual average household heat

use of surplus & for district heating, it is recommended to place the Power demand (incl. domestic hot water) of 18.1 MWh (Bolius, 2023). Calculatidirsagss and
. L . . assumptions can be foundAppendix P.
to-X plant as close as possible to the district heating grid.

Upon conducting an investigation into the potential applications of surplus
heat from Poweto-X plants with capacities of 3.0 GW and 3.6 GW, it has
been discovered, they have the capaciyrtwide district heating consumers
with a surplus of 11 to 14 times the demand (@d}p Therefore, it would be

wise to redirect the surplus heat towards additional purposes beyond district

heating.
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6.3.2.1.2 Vertical Farming

The surplus heat can be ig##d for greenhouses and vertical farming
(Appendix D, F, G, H, I, L, M), which will extend the growing season and
boost local food production, ultimately supporting the local economy and
reducing the environmental impact of food transportation (Appendix B3,

H, I, L, M). Vertical farming presents a promising opportunity for Bornholm
to cultivate a diverse range of crops using-feié techniques in a vertical,
multi-level system (Soojin & Chungui, 202Bgacham et. al., 201.9This
innovative approacto farming optimises space utilisation, boosts crop yields,
and minimises water consumption (Soojin & Chungui, 2@&%cham et. al.,
2019. The island could grow a variety of crops, including leafy greens, herbs,
and fruits, using hydroponic or aeroposigstems that deliver the necessary
nutrients to the plants through nutrieith water or mist (Soojin & Chungui,
2023;Beacham et. al., 20)9Supplementing natural sunlight with artificial
lighting could further enhance plant growth, especially durlmg darker
winter months (Soojin & Chungui, 202Bgacham et. al., 20).9By selling

locally grown produce, Bornholm could provide citizens with fresh,

6.3.2.1.3 Storing Opportunities

The surplus heat can be stored and used as a backup energy source during
times of low renewable energy production or high demand (Skov et. al., 2021)
To store surplus heat from PowterX plants on Bornholm, it can be captured
using thermal energy storage systems (Danfoss, n.d.). These systems store the
surplus heat in insulated tanks, which can be used to provide backup energy
during times of low reewable energy production or high demand (Skov et.

al., 2021).

One method of thermal energy storage is using molten salts as the storage
medium, as they have a high heat capacity and can retain heat for extended
periods (Way, 2008). This method is alreadgd on Bornholm, since BEOF
currently collaborates with Hyme Energy, a company working with the
acceleration of fossiiree energy solutions of larggeale molten salt energy
storage (Hyme, n.d.), on the transformations of an existing combined heat and
power plant in R¢,nne into a storage facility of renewable energy. The storage

system is designed to use renewable electricity to heat up molten salt, wherein

nutritious, and sustainable food while reducing the carbon footprint associated the energy can be stored for 24 hours or longer with an energy loss of 1% per

with importing food fromthe mainland (Soojin & Chungui, 202Bgacham
et. al., 2019Appendix G).

day. The storage fdity in R¢,nne is expected to be up and running in 2024,
with a storage capacity of 20 MWh (Hansen, 2022). The learning and
experiences from this work with storage facilities of renewable energy on
Bornholm can be used if a PowerX plant is implemented ith a possibility

for energy storage.

56



Another approach is using Phase Change Materials (PCMs), which can absorkproduced from renewable energy sources (Technicalddsity of Denmark,

and release heat energy as they change from solid to liquid or vice versan.d.; ACS Energy Letters, 2020). Therefore, Bornholm can benefit from the
(Danfoss, n.d.). These thermal energy storage systems can be @utergjtht production of efuels produced locally since it can reduce their dependence on
the district heating network, allowing the surplus heat to be available as a imported fossil fuels contributing to a sustainable future and a green transition

backup energy source when needed (Skov et. al., 2021). of the energy system on the island.

6.3.2.1.4 Industry and Tourism Purposes Another benefit of the production of-feels is the possibility to store
The surplus heat generated by renewable energy sources can be utilised forenewable energy from solar and wind production on Bornholm. Pmaer
various industrial and tourism purposes, including the creation of new technology can be used to store surplus renewable energy generated during
DWWUDFWLRQV OLNH D 3% OXH /DJRRQ" RU R W Kedkprodpaddr y@ivds, WheraafieQtihe X neryy cas I3 bh@e@ddfinidse
Appendix F, Appendix J). This can result in a significant boost in tourism and (ACS Energy Letters, 2020). The producefdiels can hereafter be stored and
increase visitor numbers on tigand, leading to the creation of new job  used during periods of low renewable energy production (ACS Energy Letters,
opportunities (Appendix D). 2020). The local productioof e-fuels also contributes to the energy security

of supply on Bornholm by reducing their dependency on imported fossil fuels
6.3.2.2 Efuels (Appendix I). In addition, duels can be used to power critical infrastructure,
One of the key benefits offeels is that they can contribute to reducing carbon  Such as emergency services, during power outagesther disruptions
emissions in the transport and energy sectbis The Concept of Powa- (Helgeson & Peter, 2020).
X). E-fuels produced using renewable energy sources, such as wind or solar
power, in a Poweto-X plant are lowcarbon alternatives to traditional fuels,  Besides the direct benefits for the energy supply on Bornholfogle
especially within sectors such as aviation, hedwty transport, and maritime contribute to the development of the local economy, education, and society
shipping (Skov et al., 2021; Fat al., 2017; Wulf et al., 2020; Helgeson & which will be elaborated in Chaptér. The Interactions of Implementing
Peter, 2020; ACS Energy Letters, 2020)fuEls are similar to traditional Powerto-X on Bornholm

fuels, like gasoline, diesel, and natural gas, but the key difference is, they are
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6.3.2.2.1 Powr-to-Hydrogen Green ammonia can be used for energy storage to balance the intermittent

Powerto-Hydrogen technology presents an attractive option for energy nature of ren@able energy sources, such as wind and solar power (Valera

storage, enabling Bornholm to harness surplus renewable energy and conver[vleOllna & Banareslcantara, 2021). Ammonial can’ b stored for extended

it into hydrogen for storage. This stored hydrogen can then be reconverted pElfiedls £ind) WEee) 1D GRiErais SRl wiren renewElls Enzigy = not

back to electricity sing fuel cells or combustion engines as needed (Escamilla available. It can furthermore be used as a fuel for pgemeration, either by

et. al., 2022). Furthermore, hydrogen has the potential to serve as a versatilecombus'[Ing JeelieEty @ oy Lallng el aEres el sells to freeles

fuel source for the transport sector. It can be employed directly as a fuel or ety fvaae el & BelrlEelsanitlz, 2020, wilhr Frelly Ga

benefit Bornholm to be totally independent on the electricity imported from
SwedenAppendix I), and thereby become 100% silfficient.

utilised as a feedstock for the protlon of other transportation fuels,
including synthetic methane or ammonia (McKinlay et. al., 2021). The local

production of hydrogen through PowterHydrogen technology at Bornholm

presents a promising opportunity to reduce the island's reliance ortéahpor Furthermore, ammonia is a key component in the production of nitrogen

fossil fuels and imported electricity from Sweden, thereby advancing local eSS, BBy st [ EgELIE @upaenel () CIeen Emmeie G 5

selfsufficiency in energy production (Appendix I). used to produce sustainable fertilisers for localcadfire (Ghavam et al.,

However, the transportation and storage of hydrogen necessitate substantia?ozt Fertilizers Europe, n.d.), which has a great importance for Bornholm,

infrastructure, including pipelines and storafgeilities. Therefore, large since it is one of the biggest professions on the island (TrapDanmark, n.d.).
investments need to be made in the development of infrastructure to support
the storage and sale of hydrogen (Skov et al., 2021; Mathiesen et al., 2015;Another benefit from the implementation of green ammonia production on

ACS Energy Letters, 2020; Appendix L). Bornholm, is the potential attraction of new industries or encouraging the

expansion of existing ones, which can leverage green ammonia as a
6.3.2.2.2Powerto-Ammonia sustainable feedstock (Appendix G, H, K, I). This can stimulate economic
growth on the island while promoting sustaidiapi (Appendix G) and

Green ammonia produced on Bornholm can be used as a dexbdnel for

transportation, such as shipping and fish&rg The Concept of Pow#s-X). (el N ) T e G (el elile b2 Lo)
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The implementation of Powdo-Ammonia technology on Bornholm presents  carbon (Bos et al., 2020) which is not #aile in largescale on Bornholm

challenges, including the requirement for extensive infrastructure investments (Bornholms Regionskommune, n.d.C).

to produce, transport, and store ammoniGaléraMedina & Banares Furthermore, the utilisation of methanol as a fuel source for transport has the

Alcantara, 2021). This entails the development of new pipelines, storage potential to assist Bornholm in reducing carbon emissions and achieving

tanks, and shipping terminals. climate targets (Eurowind Energy,.dn Appendix F, Appendix H).
Additionally, Powerto-Methanol technology can reduce Bornholm's

Moreover, due to ammonia's toxic nature, special care is necessary whendependence on imported fossil fuels, promoting energy independence (Blue

handling and transporting it to avoid risks (Shi et 2023). Additionally, World Technologies, n.d.).

concerns arise regarding the potential environmental impact of using Thus, the production of methanol through PotgeMethanol tehnology

ammonia as a fuel source, including the possibility of contributing to air and offers a promising opportunity for Bornholm to diversify its renewable energy

water pollution (Appendix A; Appendix M). portfolio, enhance its energy security, and decrease its environmental impact
(Eurowind Energy, n.d.).

6.3.2.2.3 Poweto-Methanol

Similar to Powe-to-Hydrogen and Powein-Ammonia, the implementation In contrast to hydrogen and ammonia, methanol is a liquid fa¢lcén be

of Powerto-Methanol technology has the potential to facilitate the integration conveniently transported and stored in-@xésting infrastructure, such as fuel

of a higher proportion of renewable energy into Bornholm's energy mix (Blue tanks and pipelines (Blue World Technologies, n.d.; Eurowind Energy, n.d.).

World Technologies, n.d.; Appendix C, Appexdi, Appendix H). This is This renders methanol as a more practical alternative fuel option for certain

achieved by enabling excess energy generated by wind turbines or solar paneltypes of tansportation, such as heaayty vehicles or shipping (Skov et al.,

to be stored as methanol, which can serve as energy storage (Blue World2021; Foit et al., 2017; Wulf et al., 2020; Helgeson & Peter, 2020; ACS

Technologies, n.d.). As a result, PovtetMethanol can be beneficial for Energy Letters, 2020; Eurowind Energy, n.d.). By blending methanol with

Bornhdm to meet the energy demand, even during periods of low renewable gasoline, a fuel blend known as "M85" cangbeduced, which is suitable for

energy generation (Eurowind Energy, n.d.). However, one of the main reasonsuse in certain types of gasolipewered vehicles (NewQuantum, n.d.). This

why Powerto-Methanol is challenging for Bornholm, is that it requires
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provides an opportunity for a gradual transition from fossil fuels to renewable 6.3.4 Potential Risk Related to PowerX Implementation

energy sources (NewQuantum, n.d.).
= ( Q ) A Powerto-X plant is chemical industry (Vasconcelos & Lavoif)19),

meaning it does imply risks to Bornholm. As of now, the island has mainly

6.3.3 Summary

been characterised by tourism, farming, and small local businesses (Business
Powerto-Hydrogen,Powerto-Ammonia, and Poweto-Methanol share the Center Bornholm, n.d.) but with a potential PowiX plant this implies a
common attribute of enabling the integration of renewable energy sources into paradigm shift in thbusiness community since such a plant differs from usual

Bornholm's energy mix. They allow excess energy generated by wind turbines pysiness by handling materials that potentially can be dangerous if not handled

to be stored as a fuel, reducing the island's depeyden imported fossil with caution (Appendix M; Qi et al., 2023).

fuels.

In Denmark, safety of hazardous industrial sisaggulated through theisk
The implementation of Powgo-Hydrogen, Poweto-Ammonia, and Power Assessment Law [Danish: Risikobekendtgerelsen] which purpose is to
to-Methanol technologies can bring various benefits to Bornholm, such as prevent accidents and minimise consequences if an accident happened. In
reducing carbon emissions, promoting sustainable development, and creatingappendix 1 in the Risk Assessment Law hydrogen, methanol and ammonia are
new ecoomic opportunities. Furthermore, provide a dependable energy on the list of hazardous materials (BB72 af 25/04/2016). This act regulates
source during periods of low renewable energy generation. all companies handling large amounts of chemical industry and thereby also

electrolysis plants. These companies can be categorised either as column 2 or
However, implementing these technologies presents several challenges.column 3 companies depending on the amount and type of iserdducing
Producing and transporting hydrogen and ammonia necessitatécaigni (Energistyrelsen, n.d.D). If the production exceeds the threshold amount for
infrastructure investments. In contrast, using methanol as a transportation fuelipe produced fuel the company has to follow the regulation in the Risk
may require new changes in infrastructure and vehicle modifications to enable ossessment Law. If a largeeale Poweto-X plant is implemented the
widespread use. Additionally, Powt-Methanol technology requires a  production of the plant enages hazardous materials to an extent that it would
source of C@(Bos ¢ al., 2020), which needs to be procured from outside the pe categorised a column 3 company since the production exceeds the threshold

iSIand, since there is not enough carbon available on the island. amount for hydrogen’ methanoL and ammo8izcch Companies are obhgated
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to take the necessary measures to minimise risks@nglete a safety report safety distance but acknowledges that it is a requirement when managing

where they have assessed the risks and how to manage them (BEK 372 ahazardous materials.

25/04/2016). Furthermore, safety precautions for a specific plant are set by the

Danish Emergency Management Agency and the municipal rescue service,Safety precautions foproducing hydrogen, methanol, and ammonia are

meaning tk final necessary safety precautions are specific for each project necessary since they can be dangerous but vary in the degree of risk (Incer

(Energistyrelsen, n.d.D). Valverde et al., 2022). Moreover, to produce any X, hydrogen is a step in the
process before being able to produce methanol or amamoraking safety

The location for an electrolysis plant has to be assessed and according to Ulrikprecautions related to the production of hydrogen applicable for any Power

Torp Svendsen, Director of PowtrX Development at Everfuel, when to-X plant.

planning a Bwerto-X plant, a part of the safety precautions is to consider the

current use of the area and plans since it would be most optimal to place aHydrogen and methanol are highly flammable and explosive and should be

Powerto-X plant in an area which is not too populated or nearby a school or handled with precaution in the production, storage, and transportation phases

hospital (Appendix L). However, is worth mentioning that this does not to avoid incidents impacting citizens or the environment. Ammonia, on the

mean that it is a safety issue to be near a RtwXrfacility but rather a other hand, is highly toxic, meaning it can be dangerous in a situation of

precautionary principle since there is no regulatory framework that prevents leakage (Shi et al., 2023).

hospitals or schools to be located nearby but in case of @deat the

consequences would be smaller if the area is not to populated (Appendix L). However, it is important to weigh which option to choose since the energy

Furthermore, Torp mentions that a Pow@iX plant has a safety distance, efficiency, emissions, transportability, and risks varies depending on the

which depends on the type of fuel and storage capacity. Since the safetychoice of fuel (Shi et al., 2023). Researching and knowledge sharing the

distance different options of fuels can have an important role in the implementation

depends on seral unknown factors, making it difficult to evaluate for a  since this can affect the social aptance of a Poweio-X plant, as well as

Powerto-X plant not yet planned, this report does not touch upon the specific avoid any misconception of the risks (Ind&lverde et al., 2022).
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6.3.5 Environmental Impacts A Powerto-X plant can cause noise pollution from the process plant that can

o ) _ _ _ disturb the neighbourhood (Appendix |, Appendix K, Appendix L). However,
When building a Poweto-X plant there is a risk of pollution and visual

, . _ ) it is possible to minimise noise pollution by soundproofing the buildings
disturbance of the local area, making it intpat to consider the location of

_ , , _ _ _ reasoning why noise pollution plays a minimal role in the decisiaking of
the plant regarding air pollution, noise pollution, impact on nature

_ _ , the location of the Powdp-X plant (Appendix L). Furthermore, noise
(conservation areas), and visual impact.

pollution would be assessed in the Environmental Impact Assessment (EIA)
6.3.5.1 Pollution Air and Noise before the Poweto-X plant would be implemented BEK nr 2080 af

15/11/2021) This has been done for the future PoweK plant in the
Some factors which are important to investigate are air and noise pollution o ) ]
_ _ _ ) o Municipality of Aabenraa which has managed to keep the level of noise below

potentially affecting the surrounding area. Hence, the investigation of these . L ) )

o ) _ the noise limit (Milj¢, ministeriet, n.d.). The role of noise pollution theredy
parameterss important for the choice of area to implement a Petoet _ _

| little effect on the location of the Powtx-X plant.

plant.

6.3.5.2 Conservation Areas

When comparing ammonia, methanol and hydrogen, the fuel with the least

) ) ) ) Bornholm has multiple conservation areas and some of them are in the location
harm to the environment igirogen (Shi et al., 2023). However, storiagd

_ _ _ _ where the transformer station for Energy Island Bornholm is planned, meaning
transporting hydrogen has a considerably higher cost than ammonia and

there alreadfnas to be made an exemption from the Protection of Nature Act

methanol. Furthermore, methanol is highly explosive which also could harm _ _ _
_ _ _ _ (Naturbeskyttelsesloven, 2022) before it can be built (Hansen, 2023A). Since
the environment (Shi et al., 2023). Ammonia, on the other hand, easily can be

i ) ) ) the location and size of a potential Post@iX plant is not yet decided, it is
stored and transported butighly toxic and a potential slip can pose a threat

; o ) _ unknown if it will impact additionatonservation areas.
to human health and environment, making it challenging to handle (Shi et al.,
2023). Methanol is also toxic but much less than ammonia and also has Iess6 3.5.3 Visual Impact

of an impact than heavy fuel oil or diesel if lagk happens (Shi et al., 2023).
As mentioned in Chaptd.2 Future Energy System Transition on Bornholm

there is already planned a 52 hectares transformer station to connect Energy
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Island Bornholm Offshore Wind Farm on the south end of Bornhtikntang ensure storage of energy, security of supply, heat, transport or to station it near
the local area and community. The 52 hectares only includes the technicalthe water supply. Furthermore, choosing the location for a Pmaémplant
transformer plant but with access roads, stormwater reservoirs, and othervaries whether it piduces hydrogen, methanol, or ammonia.
matters the total area for the transformer station is going to take up 107
hectares (Energinet, n&). The potential Poweto-X plant is not included in When the Energy Island Bornholm is implemented, a transformer station will
the tender but can be a part of the overplanting (Danish Energy Agency, 2022),be built on the southern part of Bornholm, close to Aakirkeby, and is going to
meaning if Poweto-X ends up being finally decided the PowerX plant is receive the electricity from offshore wind turbines. Locating the PdosXr
going to take up additional acreage. Furtheemthe offshore wind turbines plant near the transformetation allows easy access to the large amounts of
also will affect the area around Bornholm from a visual perspective (Danish electricity needed in the electrolysis process. Placing the two plants close to
Energy Agency, 2022). Cumulatively, these technical plants will stand out and each other can make PowerX more feasible for the developers since this
have a visual impact on the area. However, Energinet has been wanking o would minimise the necessity of expanding theaistructure and transport of
making a plan for the transformer station where the citizens have had the electricity. Thereby, the area impacted by the implementation is concentrated
possibility of contributing to the architectural image of the station (Energinet, around the transformer station which also is beneficial for minimising the
n.d.A). This can also be done for the PoweK plant to tailor it to the energy loss (Appendix H). Locating the PowetX plant next to the
existing area and ardbcture with the aim of minimising the visual impact. trandormer station necessitates an expansion of the infrastructure to transport
the end fuels to the consumers, as well as creating synergies for the surplus

heat.

6.4 Recommendations for Placing the

Powerto-X Plant

Based on the findings, the purpose of this chapter is to recommend where a
Powerto-X plant beneficially can be placed on Bornholm. This depends on

the overall goal for implementing Powtr X, and whether the purpose is to
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. 2 ‘:‘ ,"'; ’f‘ o .‘ on Bornholm is treated on decentralised water treatment plants and none of
- - " il o Pover o3 Pent | the separated wastewater treatment plants treats enough wastewater alone to
& _J g 3 2 o ;9 ::a‘::::"““p'a"‘ ! supply a Poweto-X plant. To accomodate this, Vesl¢v sees it as an option
., ) I ,}' Py W) Heating Pl | for BEOF to centralise the wastewater treatment facilities, making it possible
gsam, . J ; ’: VQTS‘::”:;:‘"”"‘ to supply the Powetio-X plant solely with purified wastewater (Appendix H).
Pl IOPE | Weersiony Centralising the wastewater treatment will contributeh® éxpansion of
: 7 . .,."-::::mz::::Cab'e”ea sector coupling and synergies of the current energy system, which is one of

Protected Waterways §3
Q e i@, the main advantages of implementing PoweeX. This will be further
p 777 " Coastal zone

g, o I Sea protection ine §16 elaborated upon in Chapté” The Water System of Bornholm
[ Forest construction line §17

Il Protected areas
[ Nature reserve

] Natura 2000 habitat

As part of sector coupling, Pow#o-X results in surplus heat that can be used
for other purposes, such as district heating, vertical farming, or other industrial
purposes, see Chaptér3.2.1 Surplus Heatf the surplus heat is used in

0 1 2km
—_— district heating the plant should be located reedsting district heating or in
Figure 20 Map showing the recommended location for a PetweX besiles the transformer an area suitable for implementation of a new district heating network. The

station. Furthermore, the map illustrates nearby infrastructure systems and zoned areas. Own . .. . . ...
production, made in QGIS (Hansen, 2023B: Appendix R; Appendix Q, Dataforsyningen plugin Short distances to the district heating consumers are essential to minimise heat

in QGIS). loss.

The electrolysis process within the PovteiX plant has a large water  The district heating network is already supplied with snatsle biomass,

consumption, making it important to consider proximity to available water mainly locally produced, and it is therefore not necessarily of high importance

resources. Bornholm mainly considers USing wastewater as the water sSourcgqg rep|ace the biomass with heat from the Petwex plant_ However, BEOF

for the electrolyser, meaning it would be optimal to locate the Pawxr considers the used biomass as a transitional fuel which should be replaced

plantnear existing wastewater treatment facilities. However, the wastewater
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(BornholmsEnergi og Forsyning, n.d.B), speaking in favour of using the plans, see Chaptér3.4 Potential Risk Related toWerto-X Implementation
surplus heat from Pow#o-X for district heating.
However, the heat production from the Pow@X plant will exceed the The location of the Powdo-X plant can impact the surrounding environment
existing district heating demand on Bornholm, reasoning why the sugdtish  and communities, meaning the distance to the coastal zone, nature, protected
also should be used for other purposes, such as vertical farming, industrialareas, households, businesses, and other industries should be consigered. Th
purposes, or tourist attractions. To avoid heat loss, it is essential to locate plant's emissions and noise levels can impact local air and noise pollution
industries and businesses that can benefit from the surplus heat closelevels. To mitigate these impacts, the PoveeK plant may comply with
proximity to the Poweto-X plant. This makes it important to consider  relevant environmental regulations and best practices, including the use of
available space around the plant in order to get the most out of the energyemission controls and noisetigation measures.
production.

Bornholm has considered the opportunities to either locate the Rowler
The surrounding environment should be considered when implementing new plant in Port of R¢,nne or in the countryside, close to the planned transformer
technology, in this case, chemidadlustry. This is due to the risks and safety  station. Placing the Pow#o-X plant in Port of R¢nne is beneficial since the
concerns that need to be addressed to ensure safe operation of the plant arfdel can be used for the shipping industry. However, since it would require
protection of the surrounding environment and communities. One of the storage of either hydrogen, methanol, or ammonia, placing the plant in Port of
concerns is the storage capacity and handling of chemicatinpdwiich can R¢nne is critical due to safety risks, and close distance to households.
be challenging regardless of whether the plant is producing ammonia,
methanol, or hydrogen. However, the end fuels can potentially be flammable, Based on the above findingssis recommended to locate the Post@iX plant
explosive, and toxic, and to mitigate these risks, the PowXrplant must next to the transformer station since several benefits are related to this
comply with relevah safety regulations and best practices for the storage, location. It will contribute to the overall goals of Bornholm on creating sector
handling, and transport of the respective end fuels, including the use of couplings and synergies within the energy systehe [Bcation will secure
appropriate safety equipment, monitoring systems, and emergency responseagly available electricity for the Powéo-X plant by connecting the plant to

the transformer station. Furthermore, the location will make it beneficial to
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centralise the water treatment facilities on Bornholm, both benefitieg th 6 5 Preliminary CO”CIUSion

Powerto-X plant and the agricultural sector which can use the byproducts
from the water treatment as fertiliser. A location next to the transformer station How will a potential Poweto-X plant impact the engy system and the local
means the plant will be located within proper distance to cities and neighbours, &'€a's environment, safety and water supply?

meaning the planwants to be associated with any safety concerns and
allowing space for storingeiels. The recommended location of a 90 hectares A Powerto-X plant producing hydrogen, ammonia, or methanol on Bornholm
Powerto-X plant is visualisedn Figure20. Various protected areas are also LPSDFWV WKH ORFDO DUHDTV HQYLURQPHQW VDI

marked on this map, ensuring the placemernthefPoweito-X facility does up space, causes risks and veater demanding.Nevertheless, the

not encroach upon these areas. However, the Pma¢mplant is situated implementation can be beneficial for the local community and area which will
within the coastal zone. Due to the already planned location of the transformer b€ further elaborated on in Chapter The Interactions of Implementing
station within the same zone, it is assessed that it is energeticalitaghaus Powerto-X on BornholmPowerto-X produces duels making it possibleot

to position the Poweto-X plant and the transformer station adjacent to each Store green energy reducing carbon emissions which can be usedfaelan e

other. Furthermore, it produces surplus heat that can be used for district heating,
vertical farming and other industrial purposes, reducing the demand for fossil

Locating the Poweto-X plant next to the transformer station is alsdirie fuels and lowering adon emissions. Furthermore, the implementation of

with the opinion of the Social Democratic Party on Bornholm, who wants to POWEFto-X can create a synergy between the wastewater treatment and the

make a geen industrial park as part of the transformer station, and therefore €Nergy infrastructure by using the surplus oxygen from the Ptma¢plant,
prepare the island for a potential Pow@iX plant next to the transformer ~ @nd vice versa use treated wastewater in the eleagpisaress in the Power
station (Hansen, 2083. to-X plant. A synergy between heat, water and electricity can be created by

implementing Poweto-X on Bornholm, as illustrated on Figuzé.
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Heating
Other purposes
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Waste
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Figure 21 lllustration of sector coupling between water and heat. Own production, made in
Pages.

handle hazardous materials such as hydrogen and ammonia, which are highly
flammable. Proper safety measures must be in papeevent incidents of

fire, explosion and intoxication.

The choice of producing hydrogen, methanol, or ammonia has varying degrees
of impact on environment and human health. While hydrogen is least harmful,
it also has higher costs for storage anddpartation. Methanol has a lower
environmental impact than heavy fuel oil or diesel but is highly explosive and
still emits carbon dioxide when combusted. Ammonia, on the other hand, is

easy to transport and store but highly toxic.

Lastly, Poweito-X plants have a significant water demand for the electrolysis
process, depending on the plant's size. This will pressure the local water

supply stemming from groundwater but a sustainable solution for this is

The plant's physical infrastructure, such as buildings, pipelines, and storagepurified wastewater. However, this will require @tments in more advanced

will impact the local area, however, this can be handled by designing and water treatment facilities on Bornholm.

considering tk location of the plant to minimise its visual impact. Noise

pollution is also a concern when implementing PeteeX, but this can be

Based on the analysis, the recommendation for placing a Roweplant on

minimised by soundproofing buildings and assessing noise levels in the Bornholm depends on the overall goal for implementing Pde#X, such as

Environmental Impact Assessment.

Further, the @nt must comply with strict safety regulations to ensure the

safety of workers, nearby citizenand environment. Powgo-X plants

storage of energy, security of supply, transport. Additionally, the chosen
endproduct also plays a significant role in choosing the plant's location,
depending on the end fuel. The recommendation is to place the-Reier
plant next to the new transformer station to be built in the souibert of
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Bornholm, close to Aakirkeby, as part of Energy Island Bornholm. This
placement allows easy access to the large amounts of electricity needed in the
electrolysis process of the PowterX plant. To achieve sector coupling from
Powerto-X, it is important to consider how the surplus heat from the plant
can be used most beneficially. If the surplus heat shall be used in district
heating, it is essential to locate the plant close to existing district heating or in
an area where there is potentialéstablishing a new district heating network.
When placing the Poweo-X plant, the surrounding environment should also

be considered, including potential risks and safety concerns that need to be
addressed to ensure the safe operation of the planhamtdtection of the
surrounding environment and communities. The location of the Pmaér

plant can impact the surrounding environment and communities, and it is
therefore also important to be aware of the distance to the coastal zone, nature,
protected areas, households, businesses, and other industries. Since an
implementation of Poweto-X will impact the community and area in several

ways, this chapter will be followed by an interpretation of the awttwork.
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In the following analysis the actaretwork will be mapped to interpret the systemsThe Energy SystemNetwork mainly consists of nelmuman actors,

existing setting and identify potential translation processes. In the previous including the energy technologies, sources and plans as well as their

analysis, the current situation on Bornholm is elaborated upon, followed by correlations. The Local Influenced Network includes acts physically

an analysis of the future if Pow#r-X is implemented. The findings are used  located on Bornholm, consisting of human and-haman actors such as

as a baseline for identifying the actwtwork, enabling identifying potential private citizens, companigand local resources.

translation processes to answer the following subquestibich translation

process and interaais can be identified in the implementation of a Pewer  Based on the identified actoetworks, the purpose of the following analysis

to-X plant and how will these affect the local actors? is to understand the effect an implemewntatof Poweitto-X has on the
identified actormetworks. The analysis will identify barriers and challenges of

The actors and interrelations within this study are identified based on findings implementing Poweto-X, as well as opportunities of translation processes.

collected from interviews and the previous analysis. It is knivam Actor

Network Theory 4.1 ActorNetwork Theorythat actometworks constantly The following chapters present and describe the awttworks and the

are developing and redefined, however, this study focuses on six identified essential actors. This will be supplemented by detailed illustrations of the

networks, relevant if Powen-X is implemented. The six identified actor concerned actemetwork visualising correlations and potentials between

networks are illustrigd in Figure22A, consisting of the following networks: actors.

Legislative PowerNetwork consists of regulations, decisions, and political
agendas impacting Powt-X development.Executive Order Network
includes governmental and municipal actors as wellfes okgulatory actors
who have the main role in executing Energy Island Bornhghmargy Island
Bornholm Network, consisting of human and nboman actors, is the
catalyst within the whole translation proceBse Water SystemNetwork is

identified as lochwater resources, technologieend water infrastructure
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Figure 22 A simplified illustration of the various networks and actors that are part of or are affected by a potential implementation of Power-to-X on Bornholm. Each network is illustrated with a black ring whereas the most
are placed in circles. They have different colours depending on which category they belong to. In addition, the Energy Island Network is marked with a dotted line as this is a network in the planning phase. The dotted arrow
connections to other countries and Zealand. The networks are positioned in relation to power. The Legislative Power Network is powerful and is therefore placed at the top of the illustration. The illustration represents the
Bornholm and is the reason Power-to-X is not included in the illustration. Own production, made in pages.
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7.1 Legislaﬂ/e Power 7.1.1 Powetto-X in Focus

The Legislative Power Network consists of the Danish government, political OB On [PEELENE) (MO A TS ErEas=n] FEpielhy [ e [BEs Jeds Wit

agreements, plans for PowteeX, the European Union hydrogen plans, and the aim of reaching climate goals (Palys & Daoutidis, 2028 European

climate targets and can be analysed as interconnected actors in a network sinc%aJrllorl = &l R0 I 102 (el Cel 1 pRlEiss 2Ol B Con Ingasiins

they influence eachther. This network is named Legislative Power, since it il E R el Ul el S S RO L i i

includes actors with legislative and regulatory power on the plans of European Union has set a goal of reaching climate neutrality by 2050 but this

implementing Energy Island Bornholm and Pow®X. The network is requires new teatologies, such as Powtr-X, to be implemented on a large

scale to enable the transition of haoeabate sectors (European Commission,
2019).

visualised in Figure 22A.

a One of the crucial initiatives is the EU Hydrogen Strategy from July 2020 that

sets out a goal of installing0D4GW electrolysis capacity and produce 10

million tons of renewable hydrogen by 20302.1.6 Regulatory Framework
Legislative Power With this, the aim is to accelerate the implementation of hydrpgeaucing

e Danieh plants rapidly in the coming years and back updtheelopment of a hydrogen
market in the EU (European Commission, 2020). In other words, this can be
seen as a translation process since the Hydrogen Strategy drives theéd?ower
X plant to become part of the energy system at Bornholm and the rest of

Denmak.

Figure 22AAn illustration of the_egislative Power Network and the relevant actors (circles).
Own production, made in Pages.

7.1.2 Powetto-X Tender

The Danish government has set targets for accelerating Rower

implementation by aiming for a-@ GW electrolysis capacity in 2030
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(Energistyrelsen, n.d.E). This was decided in the Pdw&r strategy
launched in March 2022 wvhich the government has agreed on initiatives to
accelerate and increase the use of Pdw{ in Denmark (Klima, Energi

og Forsyningsministeriet, 2021). In this context, the government has initiated
a Powefto-X tender where it is possible for projeddvelopers to apply for
subsidies for the implementation of PovtetX with the purpose of lowering

the costs of producing hydrogen. The total sum of subsidies is 1.25 billion

DKK, and the aim is to produce as much hydrogen as possible at the cheapes{'g1

price (Energistyrelsen, n.d.E). Thereby, the government is focussing on
developing a framework that makes investments in Pdgv&r more

attractive for project developers.

These initiatives act as a mediator, shaping interactions between actors
moreover, btween the project developers and governmental climate goals,
which can enable a translation process at Bornholm that makes the
implementation of Poweto-X a reality. However, the current government
plans for Energy Island Bornholm do not include thdatiite for Poweito-

X in the tender material but the concessionaire has the possibility of
overplanting up to 600 MW1(3 Bornholm: An Energy Island in the Baltic
Seg, meaning this capacity is not going to be connected to the grid and
thereby potentiallycan be used directly for PowtrX. At this point, the
framework of a potential Powdo-X plant on Bornholm is unknown for both

the planned Energy Island Bornholm and the two eg@or projects,

mentioned inl.3 Bornholm: An Energy Island in the Baltiegswith a total
capacity of 3 GW, meaning there are yet no development plans for a-Power

to-X plant on Bornholm.

7.1.3 Great Potentials in Exporting Hydrogen

Denmark has great potential for exporting hydrogen and is also a necessity if
Denmark is goingd produce up to 6 GW of hydrogen since this exceeds the
mount Denmark can utilise. In this relation, the Danish Climate, Energy, and
Utilities Minister and the German Economics and Climate Minister signed an
agreement in March 2023 on a hydrogen pipeletween Denmark and
Germany which is planned to be operating in 2028 (Invest in Denmark, 2023;

Ministry for Economic Affairs and Climate Action of the Federal Republic of

‘Germany & Ministry of Climate, Energy and Utilities of Denmark, 2023). This

initiative is key for the Poweto-X development since this means that
investors are ensured that the hydrogen infrastructure will be implemented and
makes it more attractive for developers to make investments (Invest in
Denmark, 2023), as well as speaking in favoliimplementing Poweto-X

on Bornholm.

7.1.4 Summary

In the Legislative Power Networkhe government has the ability to set
policies and regulations related to energy and the environment, but these

policies can be influenced by political agreements &mgets, and thereby
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contribute to a translation of the energy system. The hydrogen plan and the
EU's targets for reducing greenhouse gas emissions and increasing renewabl
energy production also have an impact on the government's actions. The
governmenis focusing on developing a framework that makes investments
in Powerto-X more attractive for project developers to accelerate the
implementation of such plants. The Energy Island Bornholm project does not
include Powetto-X in the tender material, buhé concessionaire has the
possibility of overplanting and potentially using it for Powt@iX. The
framework of a potential Pow#o-X plant on Bornholm is unknown until the
tender process is finished and the concessionaire has been decided. Th
network ofLegislative Power plays a significant role in unfolding the roadmap
for Powerto-X implementation in Denmark and ensuring the progress.
Establishing the framework and creating conditions to make investments in

Powerto-X attractive is an essential stepvlrd increasing Poweb-X.

7.2 Executive Order

Within this study the Executive Order Network has been identified to consist Figure 22B lllustration of the Executive Order Network showing the actors (circles), their
matter of concern (clouds), and inéetions to actors in other networks (arrow®wn

of; the Regional Municipality of Bornholm (BRK), Danish Energy Agency  production, made in Pages.

(DEA), Energinet, Danish Environmental Protection AgendAJE and DBI.

This chapter will elaborate on the actwtwork translations regarding these 2 1 Regi | Municioali ¢ Bornhol

actors, visualised in Figuz2B. o Sllamel bt e pellyy @ Seuieli
The Regional Municipality oBornholm (BRK) is the only actor physically

located on Bornholm within this network of actors. It is composed of both a

74



political and administrative organisation, with the former comprising elected on decisions made by the Danish government. Therefore, the planning and
officials, including the municipal council and various cuoittees, and the targets within the Regional Municipality of Bornholm are impacted by
latter consisting of personnel employed by the Regional Municipality of decisions made on national levielcluding Energyisland Bornholm that will
Bornholm on a daily basis (Bornholms Regionskommune, n.d.E). be connected directly to Bamnolm (Appendix C, Appendix F, Appendix G).
From the beginning, the Regional Municipality of Bornholm decided to
7.2.1.1 Ambitious Goals for Sustainability collaborate with the Danish government on the planning of Energy Island
The Regional Municipality of Bornholm has set ambitious goals f Bornholm. This was to ensure the best possible implementation pojthes
sustainable development and climate, including becomingre0tral by transformer station since they knew they could not prevent the implementation
2025 and fossil fuefree by 2040, as outlined in the Municipal Plan 2020 of the island but possibly could influence how it is going to affect the island
[Danish: Bornholms Kommuneplan 2020]. To achieve these targets, the (Appendix F). This is expected to be the same case if implementingfmwer

municipality aims to use its resourcess&ly and sustainably (Bornholms X contributingto a successful implementation without compromising with the

5HILRQVNRPPXQH 7KH %ULJKW *UHHQ ,V@®d @amunityy(ApMeERIQG)EDVHG RQ WKH
UN's 17 SDGs, outlines eight specific targets for achieving a community
without fossil fuels (Bornholms Regionskommune, 2021). Peaet 7KH DSSURDFK ZLWKLQ WKH 5HJLRQBRIODWKIQ/L ERSDV

technology mayplay a crucial role in achieving these climate targets by for Bornholmf and is an example in dialogue with Energinet, who is
providing a sustainable solution for the municipality. responsible for theansformer station for Energy Island Bornholm (Appendix
C, D, F, G). By collaborating with Energinet, the municipality attempts to be

KDWYV LQ LW IRU %RUQKROP"" the voice of the citizens and gain as many benefits from the project as possible
Regarding the energy island project and the implementation of a potential (Appendix F).
Powerto-X plant, the Regional Mnicipality of Bornholm is involved in the
projects to ensure a translation of the energy system and an implementation7"2'1'3 Side Effects
that is in line with the political agenda on Bornholm. However, like all During the interviews and from participating in the citizen's meeting about

municipalities in Denmark, the Regional Municipality of Bornhpttepends Energy Island Bornholm, it becomes clear that one of the main targets for
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Bornholm is to increase the population on the island which potentially will

result in economic growth. CurreptlBornholm has around 39,500 citizens,

Power-to-X

but the goal is to increase the population to 42,000 (Bornholms

Regionskommune, 2021; Appendix F). It is expected implementing Energy Srowth New & More
rowth in
Job

Island Bornholm and a Pow&a-X plant will contribute to an increase in the Economy Opportunities

popuhktion, and economic growth, create permanent households, job
opportunities, increase the educational level, and more sustainable and
effective land use (Figur@3; Appendix C, D, F, G, H). Therefore, the

Increase in
Educational

implementation of Poweio-X can enable a translatigorocess that works to s Rt

achieve a common goal of different actors, namely increasing the population Land Use Level
of Bornholm.

The municipality expects that implementing new technologies will create new Increase in Increase in

. ang . g - Permanent

job opportunities, both during the construction of the ptrd on a more Population Households

permanent basis when the plants are operating (Appendix C, D, F, G, H).

Besides jobs created directly in relation to the plant, it is also expected to Egg;eiiﬂlggset?ﬁon of how Poweto-X can create growth in the communiBwn production,
create a potential for existing companies on the island since they can take

advantage of the newechnologies (Appendix C, D, F, G, H, J; Energi¢,

Bornholm, n.d.B). The new technologies are also expected to attract education of a higter leve

by giving universities the opportunity to use the technologies as part of
education. Thereby, the municipality aims to keep and create knowledge on
Bornholm in the long term and can also result in students settling down on the

island (Appendix J).
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By atracting more workers and students, another side effect of building the to grow locally produced crops all year round (Appendix D, Appendix F,
new technologies is the possibility to increase permanent households onAppendix G).

Bornholm. Currently, there is a housing shortage, meaning it is difficult to

find a rental property. The municifity aims at utilising temporary homes ~ 7.2.2 Danish Energy Agency and Energinet

built for construction workers during the construction phase of Energy Island The Regional Municipality of Bornholm works closely together withrttas
Bornholm. These buildings can hereafter be used for permanent housmgdrivers behind the energy island project, the Danish Energy Agency, and

(Appendix C, D, F, G, O). Energinet.

In total, the abovenentioned impacts hawthe potential to result in growth in The Danish Energy Agency is for Energy Island Bornholm responsible for the

the economy, because the population will increase and the educational Ieveltender of the offshore wind turbine farm&nergic Bornholm, n.d.A

will become higher, meaning that more taxpayers will be present on the island. Energistyrelsen, n.d.F) and is the authority of the energy island project, while

U2 OHEEmanEien GF FEnen ies iz Fesslalily i Eeiulie © & Energinet provides tendering and establishment of the transformer station and

shiEige off Bedlnal tiom (g & Easne muiepEly sl insee cables on Bornholm and securing the connection to Zealand and Germany

SEEONYE € ESTUIERI TSI (PpEme i =, AFEemib: C). (Energistyrelsen, n.d.F; Emginet, n.d.B). Therefore, Energinet and the

Another side effect of implementing new technologies is to use the land more Danish Energy Agency work together in the project regarding the technical

WSS BRI, (A et e AR e el CE A e parts of the implementation. Furthermore, they collaborate with the Regional

thereby use energy resources more effectively, it is also expected to ConmbUteMunicipality of Bornholm regarding hearings, citizen invaivent, and

to the agricultural sector and land use. As mention&d3i2.1 Surplus Heat communication of the project (Energistyrelsen, n.d.F). As part of the

SUTALS el EE (o5 et Vel s (nelsiil) [pUipeseesl iz i) e communication of the project, the Danish Energy Agency has had the

SIETA NI MERDy <. SUTEY, i couenisinm e mumepeElity & i responsibility of visualising how the offshore wind turbine farms will look

compensate some of the impacted farmers by allowing them to use surplusfrom the coast (Energistyrelset020). Currently, the Danish Energy Agency

FIEEL WS Ui (PEEiex [Es I s el fesnnsles)es, s ceull gs is preparing the tenders for the offshore wind turbine farms in the Baltic Sea,

mentioned earliebe in vertical farming or greenhouses, allowing the farmers collaborating with Germany about how to share green electricity with other
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European energy systems, and working on the environmemiadct
assessment for the offshore farm (Energistyrelsen, n.d.F). Meanwhile,
Energinet is collaborating with the Regional Municipality of Bornholm on
finding a location for the transformer station where they currently are during
preliminary studies of tharea and making environmental impact assessments
(Energistyrelsen, n.d.FJ.he overall goal of the Danish Energy Agency is to
supply the grid and to transform some of the electricity to other energy
sources, such as PowerX. However, the developer ohé offshore wind
turbine farm has the opportunity to establish the Pawre¢ development in

connection to the energy island project (Energistyrelsen, n.d.F).

7.2.3 Danish Environmental Protection Agency

As mentioned in Chaptes.3.5 Environmental Impacisthe environmental
impacts can become a barrier for implementing Paae¢ since the plant
will impact the surrounding area. Implementing Energy Island Bornholm will
therefore require several environmental assessments since thu poogsts
of different elements (Energi¢, Bornholm n.d.E; Milj¢ styrelsen, n.d.B). Danish
Energy Agency, Energinet, and the future developrrsirequest the Danish

Furthermore, concessionaire winners of the offshore wind turbinenfarsh

make an environmental impact assessment on the area (Energistyrelsen,
n.d.H). The Danish Environmental Protection Agency plays a major role in
whether Energy I$and Bornholm will be a reality and where it will be
implemented (Milj¢ styrelsen, n.d.B). If the PowiefsX plant is implemented

in the future, a new environmental impact assessment will need to be made
(Appendix A), considering pollutants such as noige agad visual impacts as
mentioned ir6.3.5 Environmental Impacts.

As part of the environmental impact assessment process, the Danish
Environmental Protection Agency has to facilitate public hearings where all
interested parties get the opportunity to mitbconsultation responses

(Energistyrelsen, n.d.l)

7.2.4 Danish Institute of Fire and Security Technology

Danish Institute of Fire and Security Technolog$% , 1V FRQQthé¢ WLR Q
actornetwork within the project on Bornholm regarding the potential
implementation of a Powen-X plant is associated with their knowledge and
experiences regarding safety and risk related to Rtw¥r(Danske Brand

Environmental Protection Agency for different environmental assessments og Sikringsteknisk Institut, n.d.B). A collaboration between DBI and other

during the projectin 2021/2022 a Strategic Environmental Assessment was

involved actors can become impamt in order to gain the needed knowledge

made for the overall energy island project and currently, an environmental about Poweto-X (Danish Institute of Fire and Security Technology, 2021).

impact assessment for the transformer station is in preparation by EnerginetAs described ir6.3.4 Potential Risk Related to PowerX Implementation,

and Danish Environmental Protection Agency (Bistyrelsen, n.d.H).

the safety regulations will depend on which gmdduct is prodced
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(Ammonia, Hydrogen, or Methanol), the distance to other industries, but also decides the location of the transformerastatind hereby interacts
workplaces, citizens, and how large the production and plant is going to be. with land use.

DBl is an important actor when needing guidance and supervision about how Danish Environmental Protection Agency and DBI are important actors in the
the plant can be implemented dgfen Bornholm (Appendix B). Powen-X network, as they are responsible for ensuring that energy infrastructure and
plant can be viewed as an actor that has the potential to influence DBI's technologies meet environmental and safety regulations.

operations and serve as a knowledge producer. DBI can leverage this

opportunity to learn from the plant and share its knowledge with other

countries. Additionally, DBI can act as an intermediary between different

actors, technologies, and knowledge systems to facilitate the translation

processes necessary for implementing Petevet on Bornholm.

7.2.5 Summary

In this network the actors have imeations that consist of executive
relationships. Similar to the Legislative Power Network, the Executive Order
Network comprises actors that possess agency and can shape and impact the
network. The Regional Municipality of Bornholm has its own distinct
interests and targets concerning the island's economy, energy production, and
consumption, which could affect the implementation of Petwet on
Bornholm. Furthermore, the Danish Energy Agency is an important actor as
they are responsible for regulatingdadeveloping the offshore wind turbine
farms. Energinetis in charge of implementing the grid and transformer station,

which is essential for the distribution and transmission of energy on the island,
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7.3Energy Island Bornholm

Potentially producing Powep-X on Bornholm originy started with the

This network includes actors that have a role in the planning and preparationsconcept of implementing Energy Island Bornholm initiated by the government
prior to implementing Energy Island Bornholm. The actors within this  (appendix O). In the material prior to the tender process, the government has
network are visualised in Figug2C. enabled the possibility of overplanting that could be used for Ptoa¥ér(as
mentoned in1.3 Bornholm: An Energy Island in the Baltic $eBince then,
S'ﬂ,’f;{',: investors have seen potential in producing offshore wind energy around

Energinet Bornholm whereof Copenhagen Infrastructure Partners and rsted have
applied through the Opeathoor procedure fomto offshore wind projects on
the east side of Bornholm that could be used for Pdwve, see Chaptet.3

Bornholm: An Energy Island in the Baltic Seested, 2022).

Transformer
Station

Energy Island Bornholm is the centre of this network since it is this project

orivat that inifated considerations of implementing Pow@iX on Bornholm
vate

Energy Island ) (Appendix O). Moreover, the capacity of the wind turbine farms is

interconnected with the capacity of PowterX, and ultimately, with the

Cg::;gen e quantity of hydrogen, methanol, or ammonia that can bedymed

Sl (Energistyrelsen, 2023). Therefore, it can be concluded that the capacity of the

wind turbines has a great impact on other actors in this network.

Figure 22C lllustration of Energylsland Network showing the actors (circles), their matter of Furthermore, this network contains actors that pave the way for implementing

concern (clouds), interactions to actors in other networks (arrows), and physical interactions

(dotted arrow). Own production, made in Pages. Energy Island Bornholnsuch as Baltic Energy Island and the Technical

University of Denmark. These actors have a role in combining knowledge and
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experiences which can be used in the implementation of Powéron There is annteraction between the actors in this network because the capacity

Bornholm (Appendix I, Appendix J). of the wind farms impacts the capacity of the transformer station.
Additionally, the transformer station has the potential to impact the

7.3.1 Baltic Energy Island implementation of the Powso-X plant on Bornholmand enable Bornholm

The Baltic Energy Island aims to develop a network of actors consisting of Bl lpplel Ll MEresEllE Eremy:

companies and system operators entailing the green transition, researchers
Connecting the transformer station directly to the electricity grid of Bornholm

LV WHFKQLFDOO\ FKDOOHQJLQJ DV /LOOLDQ 5DVF
5HIJLRQDO 0XQLF L&Derstow that tachnigatyGt issienormously
complicated because itis like connecting a small sewing thread into some such
KXJH F DARpemtlix F, Line 37876 - translated from Danish). This is a

technical barrier since it is complicated to supply such a ptiopafly small

developing and teaching innovative solutions to the Regional Municipality of
Bornholm, local companies, amtakeholders who are working towards
transforming the future of Bornholm (Baltic Energy Island, n.d.). This
stakeholder could have a great influence on the implementation of fRmwer
X on Bornholm since it might attract experts and business tourism to

Bornholm. This will create a positive translation process enabling the
necessary changes needed for the successful implementation oftBower S e Ve (YL BRI it e s L Haiies.
Furthermore, this provides expertise and knowledge that enables the

development of the needed technologies folirtiementation of Poweto- Madsen, furthermore, reflects upon the opportunity to impact the electricity

X. The Baltic Energy Island is a mediator that connects and mobilises the costs for the citizens of Bornholm which therefore is an interaction with the

. : o current system of Bornholm. According to Madsen, could the connection
different actors in the network toward achieving a common goal.

between the transformer statiand the electricity grid of Bornholm result in
7 3.2 Transformer Station a new price zone called DK3, which would be a bit reduced compared to the
already existing price zones DK1 and DK2 (Appendix F). However, the price

UL UEE =l S (3 6) ERINEN cleelelin Uis ISl e el difference is expected to be minimal. In this context, tiyg@émentation of a

SRl SlES s el {2 Gl (R T=E = 7 GBI Tl el U Powerto-X plant at Bornholm involves various actors such as the citizens, the

the grid. Energinet operates the transformer station and has a significant rOIGeIectricity grid, the transformer station, and potentially new price zones. The

in the development and implementation of the overall energy infrastructure.
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Powerto-X plant introduces a new element into the existing network, which transformer station to the electricity grid of Bornholm is a barrier that needs
can potentially impact the electricity costs for the citizens, similar to the to be solved if Energy Island Bornholm should become a benefit for the green
transformer station. transition of Bornholm.

Lillian's reflection on the opportunity to impact electricity costs suggests an

awareness of the potential effects of implementing Paavetin the current 7 4 The Water System BornhOIm

sydgem. The connection between the transformer station and the electricity
grid of Bornholm creates a new interaction within the network. The Water System of Bornholm will be analysed as an -aettwork to gain

a better understanding of the potential impact on implementation of a-Power
7.3.3 Summary to-X plant. This analysis is necessary due to the water demand that electrolysis

_ o . . o requires, elborated upon in Chaptér3.1 Water Challenge3he goal of this
Since the transformer station is already being planned it has a significant role _ S _
. . _ . chapter is to gain insights into how the Water System needs to be adapted or
in the implementation oA Powetto-X facility on Bornholm. Energy Island o ] )
_ _ _ . optimised to support implementation of a PoueX plant.
Bornholm involves multiple actors and stakeholders, including the

government, investors, offshore wind turbine farms, the transformer station, ,
_ _ _ _ Figure22D illustrates the current network of the WaBystem of Bornholm,
and the Baltic Energy Island. PowterX is considered a poteatisource of o _ _ , _ )
o . _ ~which is used to analyse the interactions that will occur if Pawvet is
renewable energy which is interconnected with the capacity of offshore wind _ _ N
_ _ ) implemented. The figure also identifies matters of concern on the current state

farms and the transformer station. The Baltic Energy Island is a stakeholder _ o _ _

o . ] . of reality and possibilities for enacting changes in the current water system
that will influence the success of the project by drawing experts and business

_ (Law, 2016).

tourism toBornholm.

The transformer station is a crucial actor and has the potential to impact the
location of Poweito-X on Bornholm, and as recommended @4
Recommendations for Placing the Povi@X Plant,it could be beneficial to

locate the Poweto-X facilities next to the transformer station. Connecting the
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Figure 22D lllustration of the Water System Network showing the actors (circles), their
matter of concern (clouds), and interactions to actors in other networks (arrows).
production, made in Pages.

The water demand is a concern for the Regional Municipalifgovhholm
(Appendix D, Appendix F), meaning it is a barrier for the implementation of
Powerto-X (6.3.1 Water Challengés

drinking water and wastewater and sees a potential in purifying the wastewater

as much as possible (Appendix D, F, G, H), making it suitable for electrolysis.

7.4.1 Centralising the Wastewater Treatment Plant

In an actometwork pespective, the actors involved in the water infrastructure
on Bornholm includes 18 water plants located around the island supplying the
citizens with drinking waterg(.1.2.1 Water Supplyillustrated on Figurd0.
BEOF is responsible for managing the wastter on the island, meaning they
are an actor, playing a major role in the network. They purify the wastewater
on Bornholm and supply, together with other private companies, including
R¢nne Vand & Varme, with drinking wateg.(.2.1 Water Supply

Furthermore, the seven wastewater treatment plants play a role in the network
when implementing Powepo-X by being a barrier if they stay decentralised
(Appendix H;6.1.2.1 Water SupplyTo overcome this barrier the wastewater
treatment plants can be centall. Centralising current wastewater
infrastructure can become a barrier economically, physjcadipd
environmentally. Additionally, BEOF investigates whether the wastewater
treatment plants should be centralised in the future, especially if it is placed
near a potential Powdo-X plant (Appendix H).

The water challenges add another layer of actors to the network. The RegionalThe interaction between BEOF and the PoteeX plant has the power to

Municipality of Bornholm impacts the actoetwork by gtting policies about

push for changes in the current system by treating wastewater to a quality
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suitable for electrolysis. This interaction could serve asivang force for Powerto-X, they will be impacted if such implementation takes place
changes in the Water System of Bornholm. (Appendix H). Thesdy-products can enable a synergy between the Energy
System Network, Local Influenced, and the Water System Network.
Centralising the treatment plants, mostly placed by the coast, can contribute
to interactions between actors in the network. Aexample Madsen states: The extended treatment process of wastewater leads to an increase in the
amount of compostable surplus products, making it an importaott iache
5, VWDUW WR WKL Qb saneoestsV rehQelédsed toD Q network. The compostable surplus products are extracted from wastewater

something exciting, right? So, among other things, in R¢,nne there is, after during the purification process and can be repurposed as biogas, increasing the

all, the area that could have been used for somethingfetsexample production of heat and power at the biogkst, fertiliserin agriculture or for
ZKHUH WKH VHZDJH WU HAppEmik B WnesrD. BZBB0, LV Q Rdrieration (6.1.2.2 WastewatgrHowever, the farmers may face an ethical
translated from Danish). dilemma in using fertiliser made from wastewateipbgducts (Appendix H).

Therefore, the implementation of PowerX can create new interactions
Thereby, Madsen sees a potential in centralising treatment plants since thisbetween various actors from different netksor
would release scenic areas with potential for developing nature, biodiversity
or housing (Appendix F). 7.4.3 Surplus Oxygen

As mentioned ir6.3.1 Water Challenget)ere is a surplus product of oxygen
7.4.2 \Water Consumers from the electrolysis process. The surplus oxygen can be used in the treatment
Besides the need for avdila drinking water for citizens, depending on the  process of wastewater to purify the water to the needed quality for the
population, the water system of Bornholm comprises other actors. This electrolysis. The treatment plant is an important actor in the Water System
includes byproducts from the treatment plants consisting of purified network as it uses chemicals and oxygen to pwigtewaterlf the treatment
wastewater that is discharged into waterways and compostablaissurpl plant were to purifywastewateto a quality good enough, it would lead to an
products as illustrated on Figueand mentioned in Chaptérl.2.1 Water extension of the treatmeptocess (Appendix H). The process could result in

Supply Although these actors do not have a direct role in implementing an increase in emissions from the treatment plant (Appendix H). Therefore,
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any changes made to the water system must consider the potential impact on

the treatment plant and its use of chemicals (AppeHd&ornholms Energi

og Forsyning, 2021). Interaction with
Power-to-X

Centralised

Treatment Plant

To make this process work within the existing water system, new-actor

®® © © © © © © o o © © © © o o o o o ® o © o o o
Electrolysis

Power-to-X

networks need to be formed between the water treatment plant, BEOF, and

the actors involved in the production and use of renewable fuelswdhisl Treg]ent oxygen ielisaEn
require a translation of the existing practices and technologies used in the Flants AL 14
water treatment plant to incorporate the use of oxygen generated through Water

electrolysis.This is visualised in Figure 2Zhe water treatment plant would

need to be modifiedtallow for the injection of oxygen from the electrolyser

osf% s
/GG
into the wastewater treatment plant. The increased oxygen in the treatment J,%%t

could improve the efficiency of the treatment process and potentially reduce

Combined Heat &
Power Plant
Biogas

the emissions produced (Appendix H).

Ve TEnskiet prresss welle reguire eleTen ef aelons fom eirer Figure 24 lllustration of the synergies between water treatment plants and Power
networks, such as the energy system and private companies involved in theprocessesOwn production, made in Page

Powerto-X plant. Furthermore, the energy system and private companies

would need to collaborate with the Water Systerough new actenetworks

e7.4.4 Summary

that enable the exchange of resources and knowledge necessary for th
implementation of Poweto-X. The Water System of Bornholm can be seen as a network, due to the

interdependencies betweabovedescribedactors who have an impact on

water supply. Since the water supply is essential for producing Roweit
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should be considered Wwoto treat and distribute the water resources.
Initiatives, such as centralising water treatments, using the surplus oxygen
from the treatment process and compostable product, should be part of the

sector coupling when implementing PowerX.

The netwok is going to change if a Pow&r-X plant is implemented by new
actors being involved and technologies introduced. For example, new water
treatment technologies are going to be introduced, more advanced treatmen
processes and a change in water demanithvdan have significant impacts

on this network.

7.5 Energy System of Bornholm

The Energy System on Bornholm can be seen as a network mainly consisting
of nonthuman actors in the form of different energy technologies. The current
Energy System orBornholm is identified as a network, because of the
interrelations between the existing technologies. These interrelations are
visualised in Figur2E The Energy System is connected with a physical
connection since many technologies within the Energye8ysare connected

with physical pipes and wires, making the interactions visible.

Photo
Voltaic

Onshore
Windturbine

Transformer
Station

Fossil
Fuels

Bornholms
Bioenergi

Biogas
Plant

Electricity

District
Heating

Consumers

EnergiNet

Figure 22E lllustration of the Energy System Network showing the actors (circles), their matter
of concern (clouds), interactions to actors in other networks (arrows)physical interactions
(dotted arrows)Own Production, made in Pages.
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7.5.1 Actors in the Energy System energy system and the interrelations. The different supply companies on

_ _ _ _ Bornholm are related and collaborate to secure energy supply for consumers.

As mentioned ir6.1.1.1.1 Combined Heat and Powsercombined heat and o
_ - The supply companies, in the context of the current Energy System Network,
power plant located in R¢,nmpeoduces a large amount of the electricity and . _ ) .
o i ) ) act as stabiliserand function as agents that contribute to the stability and
district heating consumed on Bornholm (Bornholms Energi og Forsyning,
) coherence of the netwdtk

n.dB). A large share of the energy on Bornholm is today produced by local

energy 6.1 Current Infrastructure on Bornho)mHowever, the eergy
_ _ ) . ) If Powerto-X is implemented on Bornholm, some of the main goals and
system at Bornholm still depends on imported biomass for district heating,

- . . benefits of theproject is to become sediufficient and achieve a 100%
electricity from Sweden, and fossil fuels as energy supply, meaning the

- . _ renewable energy system. If Povte+X is implemented on Bornholm it will
network still interacts with actors outside Bornholm.
impact the relations in the network of the Energy System which is visualised

: : in Figure22F
Furthermore, the newly published plan for bisgan Bornholm, states the g

possibility of increasing the biogas production on the island, leading to
possibilities of creating sector couplings contributing to the green transition
on Bornholm (Bornholms Landbrug & F¢devarer, 2023). The biogas
production isgoing to use local resources from the agricultural sector,
industry, companies, and households, making interrelations across these
sectors. Additionally, the biogas plant will result in £€mnissions which
potentially can be used for methanol producti@orgholms Landbrug &
F¢devarer, 2023), limiting the barriers for production of Petwevethanol
(6.3.2.2.3 Poweto-Methano).

Besides the technologies of the Energy system, supply companies; Energinet,
BEOF, BOFA, Bornholms Bioenergi, R¢,nne Vand & Varnmluence the
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Figure 22F lllustration of the network if Poweto-X is implemented showing the actors (circles), interactions to actors in other ne
(arrows), some of the benefits (ovals), and physical interactions (dotted arrows). Own production, made in Pages.
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7.5.2 The Impacts from Pow&r-X on the
Energy System

As analysed throughout the above chapters,
implementation of Energy Island Bornholm will impact
the overall energy system on the island in several aspects
(seeFigure22F).The implementation of the Powen-X
plant on Bornholm nd to the new transformer station
will introduce new elements into this network and
initiate a process of translation. Regardless of how the
transformer station is implemented it will be part of
Bornholm since it takes up land, however, it is not yet
deciced whether it is going to be connected to the local
grid. Depending on the final decision on the grid
connection, it will influence whether the energy system

of Bornholm can benefit from Energy Island Bornholm.

Contrary, there can be identified barriers to
implementing Poweto-X. One barrier is that it will
require installations of new equipment. Firstalf, it
would require electrolysers to convert the electricity into

Powerto-X. Depending on which engrodict is
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produced the technologies will vary hereunder would methanol require carbon 7 5 3 Powetto-X as Substitute for Fossil Fuels

capture technology. Finally, infrastructure connection to transport the fuel i ) ) )
_ _ _ ~ Depending on how the Power-X plant is made and incorporated into the
would have to be installed, potentially together with storage technologies. , _ , _
_ o _ _ energy system it also has the potential to contribute with energy storage
Securing the needeedhnologies is a translation process which can be ] N ) ) )
(6.3.2.1.3 Storing OpportunitigsThis cansolve the problem of using fossil

difficult to overcome, due to economic and land use barriers. ) )
fuels for emergency energy generation when the production of renewable

_ o _ _ energy is impossible and when the connection to Sweden is out of order.
As mentioned earlier in Chapter.1.1.2 Renewable EnergWind Turbines, _
_ _ _ _ Storage of Poweto-X endproducts can reduce the need for fossil fuels and
Solar Power, Biogas, and Bioma&EOF considers biomass ageaporary ) ) o ) )
_ . _ _ for a connection to the Swedish electricity grid (Appendix H).
resource, which only should be used until it can be substituted with other

resources for heating. PowirX has the potential to become the substitute _ _ _ _
_ _ _ _ o As mentioned in Chaptelr.3 Bornholm: An Energy Island in the Baltic Sea
for biomass, since during the production within the plant, a large share of ) o
_ Bornholm can be a huto producemethanol and ammonia for the shipping
surplus heat wilbccur. The surplus heat from the PoweiX plant has the ) ) ) ) )

_ o o _ industry, which can be seen as a driver for thglémentation of Poweto-X.
potential to be used within the district heating network of Bornholm and _ ) _
_ o _ The production of methanol and ammonia could lead to new economic
impact the heating interrelations of the aatetwork. N ) ) )

_ - _ opportunities for the island and help to establish Bornholm as a key player in
As mentioned earlier i6.3.2.1 Surplus Heathe heat generationoim Power N ) ; )

. _ o _ . the transition to a more sustainable Energy System (Appendix M, Appendix

to-X will overcome the heating demand for district heating, meaning that there _ _ _
_ _ 0). Therebre, the production of ammonia and methanol can be viewed as

will be further surplus heat that can be used for other purposes. When talking

actors that have the ability to create a translation process between different
to several of the respondents, they also mention the opportunity to use some

networks, connecting the energy and shipping sectors. However,
of the surplis heat in either vertical farming or tourism purposes such as

|mplement|ng such a system may encounter barriets asigesistance from
FRQFHSWY OLNH SWKH EOXH ODJRRQ"™ $SSHQGL[ "' ) + 0 "XH WR WKH VXUSOXV

existing industries, technological limitations, and regulatory hurdles

heat production, implementing PowterX will create new interrelations
(Appendix M).

between the Energy System, agricultural @e&nd tourism.
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%RUQKROPTV 3RVLWLRQ RQ 'H Q Prolvenitha/ecoufigyrptian of 2xistipanepuorks; inguding the establishment

Implementing Poweto-X in the energy system of Bornholm can potentially
also transform Borntim's position and status in Denmark. Several of the
respondents mention the possibility to increase the status of Bornholm
(Appendix C, Appendix H, Appendix O). At the citizens meeting S¢ren
M¢ ller-Christensen, Director of Baltic Energy Island, also higtied the
potential of changing the physical location of Bornholm on a map, where it
typically is placed in the upper right corner and instead placing it at the right
location on the map (Appendix Amplementing Poweto-X on Bornholm

will make the islad front runners in the green transition, and Bornholm will
gain an important location in the direct lines of the future planned hydrogen
network from Finland through the Baltic Sea and down to Germany or

Denmark (Appendix O).

7.5.5 Summary

To achieve a df-sufficient, renewable energy system on Bornholm, the
implementation of Powetio-X is necessary. However, introducing new
elements into the network can be challenging. The energy island project,
which will supply electricity from offshore wind turbinesill act as a catalyst

for translating the Energy System on Bornholm.

Creating interactions between existing infrastructure and Ptmwérplants

can reduce the use of nosnewable energy sources, such as imported

biomass, electricity from Sweden, armk$il fuels. The translation process

of new connections and the disconnection of others. The outcome will be a
self-sufficient, renewable energy system on Bornholm with reduekahce

on nonrrenewable sources.

7.6 Local Influenced

The network of Local Influenced consists of interconnected actors, including
citizens, consumers, supply companies, Port of R¢nne, land use, farming,
business, tourism, and industry. These will bituenced if Powetto-X is
implemented, but in various ways which will be described in the following
chapter.

Figure 22G provides a visual representation of the actors in the network,
highlighting the importance of the actors and their matter of concerns.
However, it is important to note that the influence of the utility companies and
consumers has been analysed in previously described networks, emphasising

the interconnectedness of the various networks.
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Contrarily, the implementation of PowtrX and the utilisation of surplus
heat can promote vertical farming on Bornholt3(2.1 Surplus Hegat
Vertical farming is a method of growing crops in vertical layers in controlled
environments §.3.2.1.2 Vertical Farming By utilising surplus heat from
Power-to-X processes to heat indoor facilities, Bornholm's farmers can grow
a wide range of crops (Appendix G, Appendix H). This can lead to new
economic opportunities for Bornholm's farmers and reduce the island's
dependence on imported fruits and vegetableducing transport needs and
thereby the use of fossil fuels. Furthermore, the change from traditional
farming to vertical farming can reduce the use of fertilisers and water, making
farming more sustainable (Soojin & Chungui, 20B8acham et. al., 20).9
However, there are also some potential challenges associated with vertical
farming, since it may require specialised knowledge of indoor farming and
technology (Cultivatd, 2022).

It can be concluded that the implementation of Peawyet technology can

Figure 22G llustration of the Local Influenced Network showing the important actors (circles) ~ result in changes to the agricultural practices of local farmers. The process of

and their matter of concern (clouds). Own production, made in Pages. . .
( ) P g adapting to these changes can be hindered by a lack of knowledge and access

7.6.1 Impacts on Local Businesses to appropriate technology. To overcome this barrier, the Regional

Municipality of Bornholm attemptd¢o provide education and knowledge

The implementation of Energy Island Bornholm and a Paw&¢ planthas
> & . resources for the local farmers and make a platform for knowledge sharing

made locals concerned about how these changes may impact their businesses _ ) . i _ i
(Appendix G; Appendix J). This will function as a translation process, easing

Appendix C; Appendix G). Firstly, implementations of energy technologies ) i
(App L ) b I & 2 the implementation of Powdo-X technology.

take up space influencing agriculture and their yields.
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7.6.2 Impacts on Tounms can be created resulting in economic growth on the island. Additionally, the
use of Poweto-X, such as vertical farming for local food production

Tourism has a significant role in the economy of Bornholm. From the

(6.3.2.1.2 Vertical Farming can attract ectourists mterested in sustainable
5HILRQDO OXQLFLSDOLW\ RI %YRUQKROPYfVY SRLOW RI YLHZ PSOHPHQWDWLRQ RI

_ _ _ _ locally produced food (Appendix G; Appendix H). This can further
Powerto-X will not make tourists avoid going to Bornholm but nevertheless

_ L o _ , enhance tourism on Bornholm and contribute to a egjout as a sustainable,
emphasises that it is important to foows avoiding any loss in tourism

) o green, and innovative destination.
(Appendix F). The tourism industry on Bornholm can be seen as a network of
interconnected actors, including tourists, local businesses such as restaurant .
, _ _ _ , , S7 6.3 Job Creations
shopsand tourist attractions. The different kinds of tourist beisées rely on
each other to secure best practice, sepeind experience within the tourism ~ AS mentioned in Chaptét.2.1.3 Side Effectan important interaction in this
industry on Bornholm. network is the potential for job creation. In the construction phase, the jobs are

temporary but during the operation phase, there is a possibility of creating
By utilising surplus heat from a PowrX plant for tourist attractions, suich ~ Permanent jobs, essential for attracting people to move to the island. This has
DV LPSOHPHQWLQJ D 3% OXH /DJRR@pperRid DR V N LPreVOysly pean weenrRIajed koppmjpcts on the Port of R¢nne (Appendix G).
the network can potentially be expanded. This allows businesses to remainMadsen from the Regioh&lunicipality of Bornholm states:
open yearound and for more tourists to be attracted to the island during off
peak seasons. This would lead to a more sustainable tourism industry on *% XW , WKL Q-Xplertiis3jBizgHd be the game changer in this. If
Bornholm, with amore stable flow of revenue throughout the year and this isimplemented will open up to several possibilities that can give
potentially a better economy for Bornholm (Appendix D). SHUPDQHQW MREV ZKLFK LV D FRQ@ppahdiR IRU PD

Line nr. 120123- Translated from Danish).

The implementation of Powdo-X can attract business tourists interested in
learning about Energy Island Bornhol#3.1 Baltic Energy Islardleading Job opportunities are essential for attracting people to move to the island
to increased interaction between the energy island and local businesses. Thigvhich is in the interest of the regional municipality. Furthermore, the regional

results in businesses remaining open in theseéfson and hereby, more jobs ~ Municipality experiences a housing shortadec could be accommodated
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by adapting the housing for construction workers to function on a permanent However, it is notable that new jobs, companies, and work synergies related
basis, as mentioned 2.1.3 Side Effect3o secure the interaction between  to the implementation of Pow#s-X can result in a loss in other jobs and
Energy Island, Powetio-X and better economy for the Regional Municipality ~ business, meaning a decrease in existing wockglalmplementation of
of Bornholm, the securing of permanent housing plays a significant role. The Powerto-X can create sector couplings, centralise existing energy and water
Mayor of Bornholm, Jacob Tr¢ st, states: infrastructure and integrate new, advanced technologies, resulting in a need
for fewer employees (Appendix F; Appendix M).

32QH ZzD\ WR SRWHQWLDOO\ HQVXUH WKH FRQVWUXFWLRQ RI SHUPDQHQW KRXVLQJ LV E\
incorporating a clause in the contract that obligates theettgper to lease a 7.6.4 Concerns from the Localt2ens

certain number of units for a set period of time. This would provide some

As mentioned in Chapte6.3.4 Potential Risk Related to PowerX

level of guaranteed rental income for the developer, incentivizing them to , , :

Implementation hydrogen, methanol and ammonia can be toxic and

proceed with construction. As a result, it may be possible to secure the
necessary fundid 1RU W K H (AdgeRdikHGEMWé nr. 18485-

Translated from Danish).

explosive, meaning theymust be handled with caution. However,
implementing potentially hazardous energy technologies can be met by
concern from local citizens. At the latest, citizens in Aalborg have expressed

concern about a Pow4n-X project in Aalborg being explosive and a targe

£izi) o Une GLele, MErEEIEr G2 be S230ied 2y WELI) & GElEe I thefor terror (Schouenborg, 2023). Similarly, the citizens of Bornholm have the

contract with developers of the potential Pow®X plant. This can entail an same concerns, affecting the implementation (Appendix O). The citizens of

PO TIE UEIEIRIEE oL LCHRE: 17 (el €1 Beiliel i, Bornholm are comparing a PowkrX plant to a nuclear power plant
(Appendix M; Appendix N; Appendix Qp comparison that has arisen due to

In general, the Regional Municipality of Bornholm has a history of being a lack of knowledge about PowerX (Appendix M). By providing

sEanoTEElY BEely G CHel SEES GERSMiEe I DRRErY & SIeigs knowledge about Powéo-X to the citizens of Bornholm, there is a potential

IUIE[REL7 237 e (U EmEmEion @i Snergy Sl el m sines if e2ue of a translation process that could contribute to optimising the implenmentati

crede jobs and attract citizens (Energi¢, Bornholm, n.d.F). of Powerto-X. However, this requires an increase of citizen involvement

which as an example could be Baltic Energy Island as they are knowledge
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sharing actors. They could be responsible for involving citizens and providing Additionally, the citizens' concerns are relevant actors in the implementation
them with the necessary knadge about Powebn-X, thereby overcoming of Powerto-X on Bornholm since neighbours to the transformer station and
the citizens' concerns. the potential Poer-to-X plant are concerned about the impact on their quality

of life, which includes noise and visual pollution. To ensure the success of the
Secondly, the citizens are concerned of becoming a war target, especially afteimplementation of Poweto-X, the local government needs to acknowledge
Russia's spying activities and search for critical infrastructure targets these concerns and involve the citizemghe decisiormaking process. It is
(Appendix O). This concern arisagce the future transformer station will important to address these concerns and provide reassurance to the citizens
handle large amounts of the electricity that will be distributed to both Zealand that their wellbeing is a priority in the implementation of the PoweiX.
and Germany, making Bornholm of great infrastructural importance.
However, this is not a concern shared by the Mayor of Bornholnst, wpo 7.6.5 Land Use

Slales The transformer station and PowefrX plant can inpact the land use of

Bornholm differently. One is the environmental impact that depends on size

it e e el IR (1 e S SIEE o) M) EaL S, Gy and capacity@.3.5 Environmental ImpagtsAs the location of the transformer

e TR RV GRS D |16 D B SERrE (N MEFEUS IR e (. station is cultivated land, the implementation of transformer station and

EriEreyy IniE el e il ElrEye 02 & EDEEIn Imes Eiitle wen. e Powerto-X does not have a significant impact on biodiversity, as Madsen

can see in Ulaine how their energy infrastructure has been targeted. states:
However, this does not necessarily put Bornholm at a greater risk."

(Appendix G, Line nr. 987 - Translated from Danish).
The Mayor is not of the belief that the implementation of the Pdav&rwil |

make Bornholm a greater war target, but acknowledges the concerns of the

citizens.
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"The Nature Conservation Association says that there is no biodiversity, so

may decrease, or their farmland may need to be shut down or converted.

nothing is lost because such cultivated land has no biodiversity. We can also Therefore, it is crucial for the Regional Municipality of Bornholm tetaare

discuss what landscapealue this area has because it is already disturbed.
Therefore, | am not worried, and there is more space to use for

implementation."

of the directly affected parties in the best possible way. This includes ensuring
the best possible compensation for the involved parties, as there is currently
no legislation outlining clear guidelines for compensation (Appendix F;
Appendix G; Apndix H). The responsibility of the Regional Municipality of

Hence, it can be concluded that the regional municipality does not see barriersBornholm is to negotiate any potential compensation for citizens with

related to biodiversity using the laadjacent to the transformer station for a

Powerto-X plant.

The transformer station and the Povt@iX plant will have a negative visual
impact on the nature of Bornholm. It can be difficult for the locals to accept

the visual change since it is a chamgée landscape (Appendix G).

Therefore, involvement of citizens is important to minimise concerns and
make the implementation of PowterX successful (JyllandBosten, 2022).
This is due to a general opposition among citizens that can act as atbarrier

the implementation of Powdo-X (JyllandsPosten, 2023).

Farmers are also concerradubut usindheir land for a Poweto-X plant. The
farmers' agricultural land will become less valuable and/or partially or
completely acquired for the transforméateoon and the potential Powes-X

implementation. This resistance is natural (Appendix H) since property value

Energinet (Appendix F). Additionally, the Mayor of the Regional
Municipality of Bornholm also states the opportunity for eting the
affected farmers about how they can use their land differently, such as
implementing vertical farming, and teach them about potential benefits from
changing their agriculture (Appendix G). From an Adimtwork perspective,

the Regional Municip@ly can act as a mediator between citizens, Energinet
and the implementation of Powtr-X, acting as a translation process to help

align these different actors' interests and needs in the negotiation process.

To prevent the strong opposition and resisgatowards the implementation

of Powerto-X, it is necessary for resistance to get knowledge about the
positive aspects of the implementation. According to the mayor, it is the
politicians' duty to demonstrate that implementing PetweX is not
dangerousand provide the necessary knowledge to the citizens. Tr¢ st

explains:
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Politicians have a significant task in demonstrating what (P@werto-X), Energy, Decent Work and Economic Growthdustry, Innovation and

showing green fuels produced by a Powe plant is done under extensive Infrastructure and Responsible Consumption and Production (Port of R¢,nne,

precautionary measures thatdbes not pose any greater risk than other n.d.A). As part of the sustainability wqrthey also work towards becoming
industries. But the Powen-X plant can be beneficial, either in the form of the centre of green energy in the Baltic Sea (Port of R¢nne n.d.B). The
providing green energy or in the form of creating job opportunities" implementation of Poweio-X at Bornholm has the possibility to contribute
(Appendix G, Line nr. 4818 - Translated from Danish). to this target, since production off@els can create a bunkering opportuni

which can supply passing ships and ferries sttstainable, green fuels (Port
From thisquote, it can be concluded that politicians act as a bridge between of R¢nne, n.d.C). The implementation of PoweX on Bornholm thereby
citizens and the implementation of Powe+X. From an ActofNetwork presents new business opportunities in the field-fofeés for shipping and
perspective, politicians can act as a translation process. In this case, politicianderries (ACS Energy Letter 2020; Appendix M). As the demand for

are translating the concerns aperspectives of citizens into the decision sustainable transportation fuels increases, there is a growing markéidds e

making process around the implementation of Petaref. They are also that can replace traditional fossil fuels in the maritime settdn{roductior).
translating the benefits and potential positive impacts of the Pima¢€back Port of R¢nne can have a significant role in tinésition by facilitating
to citizens in order to gain their support. By doing so, theyhalping to build storage, and distribution offaels for ships and ferries operating at Bornholm.

a network of actors that can support the successful implementation of-Power By embracing this emerging market and supporting the adoption of cleaner
to-X on Bornholm. fuel options, the port can create employment opportunities (Appendix C;

Appendix B andcontribute to the decarbonization of the maritime industry
7.6.6 Port of R¢nne (Appendix C; Appendix F; Appendix M).

Port of R¢,nne is working towards sustainability and wants to contribute to the
community both economically, socially, aedvironmentally by contributing

to the sustainable translation. As part of this translation, Port of R¢,nne was
the first Danislport to become part UN Global Compact in 2022, by working
purposefully with four of the Sustainability goals; Affordable anda@Gle
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7.6.7 Summary

The implementation of Powdo-X on Bornholm presents a range of
challenges and opportunities within the Local Influenced Netwdihe
process involves complex interactions and translation processes among
various actors in the network of Local Influences. Efforts are being made by
the Regional Municipality of Bornholm to address concerns related to land
use, visual impact, and faen adaptation through education, knowledge
sharing, and collaboration with relevant actors from other networks. The
Energy Island project and Powter X have the potential to positively impact

the tourism industry by attracting both private and businessists
throughout the year, benefiting local businesses such as hotels and restaurant
Additionally, Port of R¢,nne can capitalise on the opportunity to become a
leading hub for duels, contributing to the decarbonisation of the maritime
sector. By activig considering citizen concerns and engaging in effective
translation processes, the Regional Municipality of Bornholm can navigate
the implementation of Powao-X while maximising benefits and minimising

drawbacks.

S

7.7 Preliminary conclusion

The purmse of this analysis is to answer the following questibitich
translation process and interactions can be identified in the implementation

of a Powerto-X plant and how will these affect the local actors?

This analysis emphasises the complexity of theorenetwork when
implementing Poweto-X on Bornholm, which is presented in Fig® The
identified networks influence each other crosswise, meaning changes in one
network also will affect the other networks. Therefore, the findings and
identified netwaks for this analysis only represent a simplified reflection of

reality.

The Legislative Power Network, consisting of governmental institutions, has
the power to set policies, regulations, and targets contributing to a translation
of the energy system and thereby unfolding the roadmap for Rower
implementation in Denmark drensuring progress in increasing Pouei.

In this case, the government decided the implementation of Energy Island
Bornholm, which is predicted to be a catalyst for a translation process of the
energy system on Bornholm. Since Energy Island Bornholsdeaided by

the government, the Regional Municipality of Bornholm, together with the
other identified actors from the Executive Order Network, have to collaborate
on how to integrate the project within the society and energy system of

Bornholm. The actorswithin the network of the Executive Order, have
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different responsibilities such as implementing offshore wind, the transformer planning and instead are creating synergies and sector couplings within the
station, local utility, and supply, as well as communication and knowledge energy system. Since Bornholm is a small island, the implementation of
sharing. One of the main responsibilities of the Begi Municipalities on Powerto-X has the potential to create a closed energy system, making the
Bornholm is communicating the impact implementing PeteeX on island 100% sélsufficient. Therefore, implementing Pow&rX on
Bornholm will have on the local actors such as the citizens, farmers, and Bornholm is a unique case with unique possibilities.
industries. The Regional Municipality of Bornholm thereby functions as a
translation process bsecuring the essential knowledge about the object is In order to get Poweto-X implemented there must be interactions between
shared between the involved actors. the Legislative Power Network and the Local Influenced Network. It can be
concluded that the Legislative Power Network plays a crucial role in deciding
Implementing Poweto-X will mean an interaction within the current energy  the implementation of Powso-X. Once the decision is made, interactions
system because the island can become 100%s##éifient both regarding with other networks will follow. Current interactions within the network exist,
electricity andheat. The production of hydrogen, methanol, and ammonia but further interactionare needed.
create an opportunity for a translation of the heavy transport sector by being a
possible substitute for fossil fuels used within shipping. It can furthermore be concluded that the translation process between the
Regional Municipality of Bornholm, Baltic Energy Island, and the Local
Implementing Poweto-X on Bornholm would require the lokcactors to Influenced play a major role on a local level when implementing Poowir
rethink their current way of energy planning. If all the actamitaboratethey However, an implementan cannot happen before a translation has been
have the possibility to become front runners within the green transition of executed on a higher level of the society on governmental level. Therefore, the
Denmark and change their status within Danish energy planning to have amunicipality is an important actor, regarding the communication of the
central rolem green fuel production. This is only achievable if actors such as decisions made by the Legislative Power to the localrscithis will both
Bornholms Energy & Forsyning, R¢nne Vand & Varme, BOFA, Baltic involve local citizens and require engagement from the local utility companies
Energy Island, and the Regional Municipality of Bornholm collaborate on a in order to achieve the needed changes of the translation.

paradigm shift in the silo thinking approach to thenergy system and
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On a local level, the translation requires a transformation of the wastewater
system and the digution of land use which will impact the agricultural

sector. For the translation to become successful it is important that the regional
municipality are available and implement the translation process needed to

accommodate the translation processes dddiy the Legislative Power,

The implementation of a Pow#s-X plant on Bornholm involves various
interactions and translation processes within the networks. It presents
challenges and opportunities for local businesses, tourism, job creation, land
use,and citizen concerns. The Regional Municipality of Bornholm plays a
crucial role in addressing these issues through education, knowledge sharing,
and collaboration. The implementation of Powe@iX can benefit agriculture
through vertical farming, attratburists yearround, create job opportunities,

and support the development offuels in the maritime industry. By
considering citizen concerns and engaging in effective translation processes,
Bornholm can navigate the implementation of PetweX while maimising

benefits and minimising drawbacks.
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Figure 25 A simplified illustration of the various networks if Energy Island Bornholn
Power-to-X is implemented on Bornholm. Each network is illustrated with a blacl
whereas the most important actors are placed in circles. They have different ¢
depending on which category they belong to. The networks are positioned in rele
power. The Legislative Power Network is powerful and is therefore placed at the toy
illustration. The arrows represent interactions between the networks. Own prodt
made in Pages.
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This chapter will discuss the following subquestibtow could different attractions played a significant role in the island's economy. Many

perspectives have impacted the findingg?considering the choice of end policymakers and employees in the regional municipality view hydrogen as

fuel, followed by a discussion whether PoweiX is a reality on Bornholm. the best solution, anticipating thatwtould provide the most favourable

Lastly, the choice of theoretical framework will be elaborated upon. conditions for themselves and the region (Appendix C, Appendix F).

81 Hydrogen, Ammonia or Methanol Powe'Fto—Ammonié has the adva.thage of supporting sustainable a.g.riculfure
practices through its use as a fertiliser and can also be used as a fuglingship

Producing methanol, ammonia, or hydrogefwotgh Poweto-X on (6.3.2.2.2 Poweto-Ammonid (ACS Energy Letters, 2020). However, the use

Bornholm presents both challenges and opportunities. From a technical of 3mmonia as a fuel in shipping is still in the early stages of development
standpoint, each fuel has its own considerations, and it is essential to evaluatG(GaIIucci, 2022). Several challenges need to be addressed before its
what would be most beneficial for different stakeholders in terms of societal widespread adoption. Theseallenges include technical modifications to ship
impad. engines and fuel systems, ensuring safety in handling and storage (Gallucci,
2022), developing the necessary infrastructure and supply chain, and
Powerto-Hydrogen is advantageous because it is the end product of-Power establishing regulatory frameworks. Converting hydrogea amhmonia or

to-X processes and has multiple applications, including energy storage and yethanol adds an additional step and may require extra technology and
transportation fuel (Skov et al., 2021; ACS Energy Letters, 2020). However, infrastructure (Skov et al., 2021; ACS Energy Letters, 2020). Land availability
hydrogen production may ia moderate energy losses during electrolysis and - on Bornholm for these purposes can therefore pose a constraint for ammonia
storage and handling can be challenging due to its low density and high or methanol produion and storage facilities.

reactivity (Terega, n.d.). If the focus is solely on hydrogen production, it might
be worth exploring the integration of PowterX facilities in the planned Powerto-Methanol offers the advantage of utilising existing engines in the
offshore wind turbines next to Bornholm (Offshorewind.biz, 2021). However, - shipping industry and infrastructure without significant modifications (Blue
in this scenario, there would be no local surplus heat production. As a result, \worid Technologies, n.d.; Eurowind Energy, n.d.; Skov & Schneider 2022).

Bornholm would gain the same benefits as indicated in previous analyses, However, methanol production requires a carbon source (Skov et al., 2021, p.
whele district heating and surplus heat utilisation in agriculture and tourist



2; ACS Energy Letters, 2020), which may not be readily available on Appendix [). Poweito-Ammonia supports sustainable agriculture and

Bornholm in the future (Appendix B; Appendix F; Appendix I). shipping, but the technology is less developed and may require additional land
use (Skov et al., 2021; ACS Energy Letters, 2020).

Port of R¢,nne envisions methanol and ammonjgoéential products from a

Powerto-X plant, aiming to establish itself as a shipping hub (Appendix M). 82 POWG‘ITO-X on BormOIm?

While methanol serves as a shtmtm plan, Port of R¢nne believes that

ammonia holds greater advantages for shipping in the long run (Bck, 2023), The implementation of Powd&o-X on Bornholm is subject to various factors

making the port more attractive which is also benefiting Bornholm's Regional and uncertainties. While many locals and politicians believe that Rower

Municipality (Appendix M). Ammonia's environmental advantages are has potentials for Bornholm (Appendix A, C, D, F, G, H, I, M, O), the specific

thus minimising greenhouse gas emissiéBhi et al, 2023). In contrast, Powerto-X plant. To make Poweo-X a reality, active participation from

methanol contains carbon and generates carbon dioxide emissions UIOOnoolicymakers in the government and private actors is crucial to initiate the

combustion (Shi et al., 2023). planning process and secure the necessary fundidi@ Job Creatiorjs The
successful implementation of PowerX therefore depends on the

The choice of the enproduct within the Poweto-X plant will impact involvement of multiple stakeholders, with the economic aspect playing a

Bornholm differently. Poweto-Hydrogen aligns wittDenmark's focus on significant role (Skov et al., 2021).

hydrogen production and export (Klima&Energi og Forsyningsministeriet, The establishment of a largeale Poweto-X project @pable of receiving

2021), potentially benefiting the country economically. However, if it is going ~ €l€ctricity from offshore wind turbines with a capacity of 3 GW or 3.6 GW
to be integrated directly in the offshore wind turbines, it may limit the Can require a substantial financial investment for the government, similar to
utilisaton of surplus heat and other valadded opportunities on the island  the Energy Island Proge(Energiwatch, 2023). While such a project can boost
(Appendix L). Powetto-Methanol offers easier integration with existing the lccal economy, the high cost of implementation poses a barrier on
infrastructure, but relies on carbon sources (Skov et al., 2021; ACS Energy governmental level that must be considered when evaluating the feasibility of

Letters, 2020) that may not be aval@abcally (Appendix B; Appendix F; Powerto-X, particularly in the context of these largeale scenarios.
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One positive aspect of implementing aMeoto-X facility is its potential for the potential for commercial viability and loterm sustainability (N¢ rmark,

connectivity with other Poweio-X plants in the Baltic Sea region. «land, an 2023).

island in Finland, has plans for a Powe:X facility on eland that is also Furthermore, collaboration between Bornholm and eland coaekiend

expected to contribute to economic gains in the local arexdr$, 2021, beyond their immediate geographical proximity. By strategically positioning

Offshorewind.biz, 2023). It is believed that such projects can create new job themselves as key players in the Baltic Sea region, they could attract other

opportunities and attract additional industries to the island, similar to the neighbouring countries or regions to join their network, further expanding the

benefits identified for Bornholnv(6.3 Job Creationg-lexens, 2021; Energi¢, potential custorar base and enhancing the economic viability of the Power

Bornholm, n.d.F; N¢rmark, 2023). The geographical proximity between to-X projects (N¢rmark, 2023; Appendix O).

Bornholm and ¢land presents an interesting opportunity when considering the

establishment of Powdo-X projects and their potential role in creating  While the potential benefits of PowtrX are evident, the timing of its

bunker hubs for-€uels for shipping or formingn international network for implementation remains uncertain. However, the desire to be at the forefront

hydrogen (N¢rmark, 2023). of largescale Poweto-X facilities that convert electricity into hydrogen,
ammonia, or methanol is present for Bornholm. The economic viability of

The close proximity of Bornholm and elandllows for the possibility of such projects does not align perfectly with the local reality and outcomes.

synergies and collaboration between their respective Pmwéerfacilities While they can boost the local emmy, there are costs associated with

(N¢rmark, 2023). By leveraging this geographical advantage, Bornholm and implementation, as seen elsewhere. The local economy should be carefully

land can potentially create a regional network that facilitates the prashycti considered in the context of PowerX projects, alongside projects such as

storage, and distribution of-feels or hydrogen (N¢rmark, 2023). The  the one in eland.

establishment of a regional network would attract more attention and

investment from stakeholders interested in clean energy solutions for the

shipping industry. By combining theirfferts, Bornholm and eland could

create a larger and more attractive market ffureds or hydrogen, increasing
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8 3 M UIti-Level Perspective Bornholm aligns with these broader goals and how it contributes to the larger

energy transition on national and international level. Abtetwork Theory,

In this study of aalysing the potential impacts of implementing PoteX on the other hand, involves examining the local steitinical and cultural

on Bornholm, MultiLevel Perspective could have offered valuable insights  gontext surrounding the implementation of PoteX and thereby

and contributions supplementing the Aehetwork Theory used in this investigates local goals and policies. By investigating the landscape, a more
analysis. MultiLevel Perspective is a framework examm technological comprehensive analysis tife legislation had been possible and could have

transitions and interplay between different levels of societal systems. This e o a better understanding of how the current legislation is a barrier for the
includes the niche level, where the innovations emerge, the regime level, powerto-X to become a part of the existing regime of the current energy
where the existing dominant systems are established, and the landscape |eV95ystem of Bornholm. The landscape has a role in tmiaing the current

a broadesocictechnical and cultural context that keeps the regime in place system and regime, but it also challenges the system to change, particularly

(Geels, 2012). due to climate change concerns (Geels, 2012).

While Actor-Network Theory focuses on the network of actors and their The Mult-Level Perspective allows for the analysis of interactions and

interactions, the MukLevel Perspective takes a broader perspective, dynamics between the niche, the regiraed the landscape level (Geels,
considering the interplay bes&n different levels of societal systems (Geels, 2012). This enables an examination of how the implementation of Rower
2012). The following chapter will elaborate upon how the Muétvel X challenges and interacts with the existing energy regime on Bornholm,
Perspective could have contributed to this study. including traditional energy sources and practices. The perspective pravides
framework to understand the barriers, conflicts, and collaborations that arise
The Mult-Level Perspective emphasises the importance of considering the gyring the translation process and how these dynamics influence the local
landscape lest (Geels, 2012), involving examining the wider segiohnical environment and local citizens. By using this perspective, a further analysis of
and cultural context surrounding the implementation of Pdwed. This the technical barris for Poweito-X as a niche could have been executed,
includes regional, national, and international sustainability goals, policies, and including technical challenges related to the different fuels such as hydrogen,

green energy transition targets. THalti-Level Perspective provides a more ammonia, and methanol, which will be elaborated up@3ar2.2 Efuels

comprehensive understanding of how the implementation of Pawerat
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Using the MultiLevel Perspective, enables artnagh analysis of the impacts 2010) allows for a more robust analysis of the environmental implications of
on local citizens, encompassing their daily lives and seca@nomic Powerto-X implementation on Bornholm. If the Multievel Perspective
conditions. This approach allows for a detailed examination of potential approach had been used throughout the analysis of this report, it could have
economic opportunities that arise from PoweiX, including job creation, led to amore indepth investigation of the impacts on the local environment.
developmaet of local value chains, and emergence of new business models

(Laak et al., 2006). IrY. The Interactions of Implementing PovierX on The ActorNetwork Theory provides valuable insights of the network of actors
Bornholm in which ActorNetwork Theory is applied, several of these topics and their interactions, whereas the Miével Perspective offers a broader
have been investigated, making it conceleabatMulti-Level Perspective perspective that incorporatéise wider context and analyses the dynamics
would have supplemented the analysis. It can therefore be stated thatbetween different levels. While the Multevel Perspectivalso provides
emphasising the socieconomic perspective, the Multevel Perspective valuable insights into technological transitions, Adiatwork Theory offers
complements ActeNetwork Theory's focus on actor interactions. This results a more actecentric and relational approach to understéweddcal dynamics

in a holistic understanding of how Powtr-X implementation affects the and interactions related to an implementation of Pevt on Bornholm. By
local community on many levels. If both Multevel Perspective and Actor focusing on actenetworks and the complexities of translation processes,
Network Theory were used as the theoretical framework of this study, it could Actor-Network Theory has provided a detailed understanding of the local
have brought more perspectives andmces on the sociotechnical transition  impact and theaio-technical dynamics involved in the transition to Power

of the implementation of Powso-X on Bornholm. to-X.

Multi-Level Perspective incorporates a comprehensive assessment of the
environmental impacts of technological transitions (Geels, 2004). It examines

how the implememition of Poweito-X affects the local environment,

including changes in emissions, resource consumption, and impacts on local

ecosystems and biodiversity (Geels et al., 2017). Mu#tiYHO 3HUVSHFWLYHYV
focus on sustainability goals and environmental caratibns (Smith et al.,
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8 4 HermeneutiCS & HOIiStiC Approach have played a different role, as the emphasis would shift towards examining

environmental impacts such as the maritime environment, biodiversity, and

As described in Chaptet. Theoretical Framework Critical Hermeneutic animal protection in the surroundings of the offshore winbites.

Theory the researcher's background has an influence on the focus areas and

challenges deemed important to investigate, similarly the defined networks \yithin several existing studies, the impact on the maritime environment and
within this thesis have been chosen based on existing knowledge and thepjrg habitats are highlighted as key challenges and weaknesses regarding the
researche$ interpretations. The critl hermeneutic approach, used as the  jmplementation of offshore wind turbines, since the surrounding area is

theoretical framework has shaped the investigations and findings within this yyinerable to changes the environment (Bennun, 2021; Vaissiere, 2014;

study. Causon & Gill, 2018; Virtanan et al., 2022). This study could have been
further developed by also investigating the environmental impacts of the

to-X plant have been crucial challenges that have ivedesignificant if there were any specific habitats or species which needed to be taken into

attention in this thesis since there is existing knowledge and curiosity within consjderation. Nevertheless, it is not possible to investigate the exact

could have been different or included differently, since the prior knowledge dimensions of the offshore wind turbine farm (Bornholms Regionskommune,

at the interviews impacted the focus of the following interview and which , 4 B). If the environmental impacts of the offshore wind turbines had been

questions were asked. investigated, the conclusion would have been difie since the offshore

environmental impacts are expected to be significant.
An alternative and expanded focus could have been the environmental impact

have resulted in a fundamentally different study. In such a study, the coypling, water resources, and other relevant factors as integral to the
interrelation between differer@ctornetworks and the local citizens would
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implementation of Poweto-X. The choice of a critical hermeneutic and
holistic approach reflects the understanding that addressing the complex
challenges of Powedn-X implementation requires considering multiple
interconnected dimensions. This perspective recognises the interdegieade
between social, economic, and environmental aspects, acknowledging that
they cannot be examined in isolation. By taking into account the broader
context and interrelationships between various factors, the study aims to
provide a comprehensive understing of the implications of Pow#n-X
implementation on Bornholm's local area. This approach recognises the need
to balance environmental concerns with sestonomic considerations,
ensuring a sustainable and inclusive transition. The holistic appilisach
essential within smart energy system development, where the focus in energy
planning is shifting from a sikthinking approach towards integrating

synergies and sector couplings (Lund, 2014).
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O Conclusion




The purpose of this thesis is to aeswhe following problem statement/hat For the implementation of Pow#r-X to become economical and energy
effect will a Poweito-X plant have on the local community and area on sufficient the Poweto-X plant must be largscale, which can be challenging
Bornholm? toimplement on an island with limited space. The specific effects of a Power
to-X plant on Bornholm will depend on factors such as scale, location, design
In conclusion, implementing Pow#r-X on Bornholm can benefit the local considerations, and community engagement processes. Addressing and
development by leading to growth in the economy, creat@puortunities assessing potential concerns andimgsing the benefits will be crucial for
during the construction and operation phases, stimulate employment andensuring a successful integration of the plant.
potentially attract skilled workers to the area. Additionally, the plant requires
local resources and services, leading to increased business activity andThe implementation will lead to positive environmental impacts by reducing
revenue for thecommunity. Implementing Powdo-X will contribute to greenhouse gas emissions on the island and contributing to the green transition
technological innovation, research, and development on the island since theof the emrgy system. The environmental impacts depend on the renewable
plant may attract investments and collaborations with actors working with energy resources, the extraction and production processes, and the potential
renewable energy, meaning expansion of local knoydexhd advancement release of byproducts or emissions, meaning it is essential with thorough
in renewable energy technologies on Bornholm. environmental impact assessments to evaltie environmental impacts and
take the necessary precautionary measures.
Even though Powetio-X has the potential to contribute to local development,
implementing Poweto-X will require collaboration and engagement with the  Furthermore, the implementation of PovterX creates sector coupling and
local community. Stakeholdefisonsutations, public hearing sessions, and  synergies between the electricity generated from the offshore wind turbines,
community involvement in decisiemaking processes can ensure concerns heat, and water infrastruckion Bornholm. The Powdo-X plant can allow
and interests of different actors are considered, which can foster ownership,Bornholm to become energy independent by utilising renewable energy
understanding, and acceptance of the project. In relation, it isrtimpdo sources available on Bornholm, meaning the island can become independent
address concerns related to noise, emissions, or visual impact during theof imported electricity from the Danish or Swedish electricity dridelation,

planning of the plant. a synergy is identified since a large share of surplus heat from the-Bewer
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X plant can be utilised for either district heating, industrial purposes, or for to-X plant on Bornholm becomes a reality. There is the possibility of wind
the agriculture sector, and thereby reduce the need of imported biomass. turbines becoming more advanced in the future where small Rov¥eplants
are built directly on the offshore wind turbines, meaning that it would not be
The wate infrastructure is an important actor since electrolysis in Paaver necessary to build erge Poweito-X plant onshore. If the technologies are
X requires a large share of water. As of how, Bornholm has a large share of changed to such a degree in the future, some of the synergies and benefits
wastewater available, meaning the island has the potential of supplying the might disappear such as the possibility to use the surplus heat for district
plant with treated wastewater life treatment plants are made more advanced. heating or other industry purposes. Howeveildng the Poweito-X plants
directly on the wind turbines will mean the onshore environmental impacts are
Even though a Powdo-X plant will secure sector coupling and synergies, it  limited since it will no longer be necessary to build a large plant onshore.
will require large amounts of renewable energy to produce fuels. The available
renewable energy supply can affect the feasibility sustainability of the Within this thesis, a local and caspecific subject has been investied,
Powerto-X implementation. Furthermore, the conversion process in Rower however, several of the same impacts, benefits, and challenges can be
to-X plants results in energy loss, which can decrease the overall efficiency of transformed into other similar projects implementing PetweX at other
the energy system. Efficiency varies depending on the specific technologies locations and on different scales. The viability of PeteX depends on local
and processes used. The effect on Bornholm will depend on which fuel is context, available resouwrs, technological advancements, and policy
chosen as the ermtoduct in the Poweto-X technology since there are frameworks. If Bornholm is to implement PowterX, it is essential that they
different benefits and challenges related to the production of hydrogen, evaluate the impacts, consider alternatives, and prioritise sustainability and
methanol, and ammonia. longterm goals. In relation, the PowgrX plant can m principle be
implemented without including Bornholm, meaning they will not necessarily
However, whether Reer-to-X will be implemented on Bornholm is not yet benefit from the implementation. However, the potential poséifects are
decided and not a reality before the implementation of Energy Island significant but requires Bornholm is allowed to be part of the planning and
Bornholm in 2030. The technologies of either hydrogen, methanol, and benefit from he endproducts and byproducts, such akiels, surplus heat,

ammonia production can be further developed and improved beRoeer and oxygen.
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