
Power-to-X
Feasibilitystudy



 

  
2025 

Paulo Martins Silva & Daniel Sereth Larsen 

Bornholms Energi Og Forsyning 

08-12-2025 

Water for PtX - Feasibility Study                                                     
Bornholm case - WaterMan project 















 
7 

 
Figure 3 - Baltic Sea green hub (KTC, 2023)1 

Benchmarking PtX Projects and Source Water Choices 
Overview of PtX Development in Denmark 

According to the Danish Energy Agency (Energistyrelsen, data as of 30/10/2023), more than 34 PtX projects 
are planned across Denmark, representing a combined electrolysis capacity of approximately 9 GW. 
Figure 4 illustrates the geographical distribution of publicly announced projects (Ebbehøj, 2023). It is 
important to note that most projects are still in early development stages, and their realization remains 
uncertain. 

 
Figure 4 - Overview of public announced projects in Denmark 

 
1 Energiø Bornholm - vi tænker nyt "Lykkeland" | ktc.dk 

https://www.ktc.dk/artikel/energioe-bornholm-vi-taenker-nyt-lykkeland














https://www.sciencedirect.com/science/article/pii/S007832342300012X#fig0001


https://www.io-warnemuende.de/profile-of-the-baltic-sea.html
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Wastewater treatment on Bornholm and seasonal variations 
Bornholm currently operates seven WWTPs, each serving different areas. Households outside these zones 
rely on private treatment systems or septic tanks. 

Table 2 - WWTPs & respective outflow per year in m3 

 

 
Figure 14 - Wastewater treatments plants on Bornholm 

 

WWTPs Outflow per year in m3 (2021)  
Rønne 2,900,000 
Nexø 1,250,00 
Boderne 1,250,000 
Tejn 800,000 
Svaneke  580,000  
Melsted 160,000 
Vestermarie N/A 
Total 6,890,000 

 
Figure 15 - Wastewater treatment sewer system layout (Bornholms Regionskommune, 2024)4 

 
4 Bornholm - Spildevandsplan 2023-2027 - Bornholm Kommune (niras.dk) 

https://bornholm.viewer.dkplan.niras.dk/plan/62#/21806
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Figure 17 - Boderne WWTP - Monthly flow in m3 

 

 
Figure 18 - Nexø WWTP - Monthly flow in m3 
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Figure 19 - Effluent quality from Rønne WWTP 2022. 

 

 
Figure 20 - Effluent quality from Boderne WWTP 2022. 

 

 

Figure 21 - Effluent quality from Nexø WWTP 2022. 
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Heat generation 
To calculate the amount of heat generated by a 0.8 GW (800 MW) electrolysis plant, we need to consider 
the efficiency of the electrolysis process. The efficiency affects how much of the electrical energy is 
converted into useful hydrogen production versus how much is lost as heat. 

General Calculation Approach 

1. Determine the Electrical Input: 

o The plant has an electrical power input of 0.8 GW (800 MW). 

2. Estimate the Electrolysis Efficiency: 

o The efficiency of water electrolysis systems varies, typically ranging from 60% to 80%. For 
our calculation, we used a mid-range efficiency of 70%. 

3. Calculate the Heat Loss: 

o If the efficiency is 70%, then 30% of the electrical input energy is lost as heat. 

Calculation Steps 

1. Electrical Input Power: 

o Power input = 0.8 GW = 800 MW 

2. Efficiency: 

o Efficiency = 70% (0.70) 

3. Heat Loss Percentage: 

o Heat loss percentage = 100% - Efficiency = 100% - 70% = 30% (0.30) 

4. Calculate Heat Generated: 

o Heat generated = Electrical input power × Heat loss percentage 

o Heat generated = 800 MW × 0.30 = 240 MW 

Result 

A 0.8 GW electrolysis plant, operating at an efficiency of 70%, would generate approximately 240 MW of 
excess heat. The calculation represents the instantaneous rate of heat generation, and it refers to the 
amount of heat produced at any given moment in time. For example: 

 

Daily Heat Generation Calculation 

1. Determine the Heat Generation Rate: 

o Heat generation rate = 240 MW 

2. Convert to Energy Over a Day: 

o There are 24 hours in a day and 3600 seconds in an hour. 



















https://pubs.acs.org/doi/10.1021/acsestengg.0c00192
https://pubs.acs.org/doi/10.1021/acsestengg.0c00192
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Input data for Life Cycle Inventory 
Data for electricity and chemical demand of the water treatment processes (Table 9) is estimated based on 
comparable data from a similar LCA study (Jährig et al., 2025). This study conducted an LCA for water 
treatment for cooling water in Kalundborg from different water sources. As source water quality at 
Kalundborg is differing from conditions in Bornholm, data has been adjusted to reflect these differences 
adequately. However, quality data for source water in Bornholm is only limited to some basic parameters 
(e.g. conductivity, COD, nutrients), which made the transfer more challenging. To validate the assumptions 
and data for Bornholm, it would be helpful to have more detailed water quality data for both seawater and 
WWTP effluent. 

Table 8: Electricity and chemicals demand for water treatment in the different scenarios 

Parameter Unit SW-25 SW-800 WW-25 WW-800 

Process 
 

Pre-treatment + double 
membrane (UF/RO) 

Pre-treatment + double 
membrane (UF/RO) 

Water recovery % 45 45 65 65 
Source water m³/d 280 8,960 194 6,200 
Electricity kWh/m³ 1* 1* 0.5 0.5 
Chemicals 

     

   NaOH (35%) g/m³ 25 25 20 20 
   NaOCl (12%) g/m³ - - 2 2 
   Citric Acid (40%) g/m³ 7 7 10 10 
   HCl (25%) g/m³ 

  
30 30 

   NaHSO3 (18%) g/m³ 23 23 - - 
   FeCl (40%) g/m³ 0.7 0.7 5 5 

* estimated for salt content of Baltic Sea (0.8%) 

Background data for production of electricity and chemicals comes from the LCA database ecoinvent v3.10 
((Ecoinvent, 2023)). For electricity, the Danish grid mix was assumed (179 g CO2e/kWh). For sensitivity, the 
use of wind power (DK, off-shore: 16 g CO2e/kWh) was also analysed. Chemicals production was modelled 
with datasets for average European production.  

Brine quantity and quality was modelled based on water recovery rates of the treatment trains (Table 10). It 
has to be noted that the brine from seawater desalination can most probably be discharged back into the 
ocean, while the brine from wastewater reclamation may not get a permission to be discharged to sea due 
to elevated concentrations of regulated substances (COD, N, P). Therefore, brine from wastewater 
reclamation needs a different handling. For the smaller amount of brine in scenario WW-25 (68 m³/d), a 
direct recycling back to the inlet of the WWTP seems to be the best solution. This small flow accounts for 
only <1% of the total WWTP inlet, so that the WWTP is not overloaded with brine recycling and no negative 
effects of this brine on WWTP performance is expected. For the larger scenario WW-800, brine volume is at 
2,168 m³/d, which amount up to 25% of the WWTP inlet. Recycling this brine may exceed the hydraulic 
capacity of the WWTP, and also could have negative effects on WWTP performance. A separate brine 
treatment could be needed, but this is not included in the present LCA study. It has to be noted that brine 
management in the WW-800 scenario is a critical issue for the entire concept and should be addressed in 
future studies. 

 

































https://ens.dk/en/our-responsibilities/water


https://www.kfst.dk/vandtilsyn/okonomiske-rammer/
https://www.danva.dk/om-danva/the-danish-water-sector/regulation-of-water-companies/
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Figure 44 - Illustration of the revenue cap for small and large water companies (Konkurrence- og Forbrugerstyrelsen, 2024) 9 

 

Approvals and permits needed to establish new PtX plants. 
The establishment and operation of PtX plants necessitates various approvals, permits, and regulatory 
processes to ensure that the facility is properly located and meets standards for environmental protection, 
safety, and other requirements. 

The necessary permits for renewable energy plants in Denmark depend on the location and type of the 
facility, which can be established both at sea and on land. The Energistryrelsen website (Energistyrelsen, 
2024) serves as a contact point for installers of such plants, in line with the implementation of the VEII and 
VEIII Directives, incorporated into Danish law on 1 July 2024. 

A Council regulation to accelerate the deployment of renewable energy was adopted by the EU on 22 
December 2022 and took effect on 30 December 2022. The regulation was later extended and amended on 
19 December 2023, with some provisions directly applicable and others incorporated into Danish law on 1 
July 2024 to support the expansion of renewable energy. 

Energistyrelsen also provides an overview showing the majority of the rules that may come into play when 
establishing a PtX plant. See annexes 2. 

 

 

 

 
9 Økonomiske rammer (kfst.dk) 

https://www.kfst.dk/vandtilsyn/okonomiske-rammer/
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Operational Supply interruption 
(logistics) 

Disruptions in pipeline or 
distribution system leading to 
water shortages. 

2 3 6 Low 

Maintenance 
downtime 

Planned/unplanned maintenance 
may cause temporary supply 
disruptions. 

2 4 8 Medium 

Staff shortages Lack of skilled personnel for plant 
operation and maintenance. 

2 2 4 Low 

Natural disasters Extreme weather events affecting 
infrastructure (floods, storms). 

2 5 10 High 

Regulatory & 
Compliance 

Water use 
regulations 

Compliance with evolving 
local/national water regulations. 

2 4 8 Medium 

Wastewater 
discharge 

Compliance risks regarding 
disposal and environmental limits. 

2 4 8 Medium 

Environmental 
impact 

Potential negative consequences 
from brine discharge, water use, or 
habitat disruption. 

2 4 8 Medium 

Safety standards Compliance with safety protocols 
in water treatment operations. 

2 4 8 Medium 

Financial Fluctuations in 
water treatment 
costs 

Rising operational costs due to 
energy prices, chemical use, and 
infrastructure upkeep. 

3 3 9 Medium 

Fluctuations in 
water supply costs 

Changes in wastewater treatment 
pricing or supply agreements. 

3 3 9 Medium 

Unexpected 
expenses 

Budget overruns due to 
unforeseen infrastructure or 
regulatory costs. 

2 3 6 Medium 

Penalties for non-
compliance 

Fines or legal actions from 
regulatory violations. 

2 5 10 High 

Environmental Contamination of 
natural water 
bodies 

Improper brine disposal or leaks 
affecting surrounding ecosystems. 

2 5 10 High 

Soil contamination Chemical spills or seepage from 
wastewater treatment facilities. 

2 5 10 High 

Non-compliance 
with sustainability 
goals 

Failing to meet sustainability 
targets (e.g., water reuse 
efficiency, carbon footprint 
reduction). 

2 3 6 Medium 

Reputational Supply interruptions Public perception damage if 
reclaimed water supply is 
unreliable. 

2 5 10 High 

Environmental 
incidents 

Negative publicity from pollution, 
brine discharge, or ecosystem 
damage. 

2 5 10 High 

Regulatory non-
compliance 

Reputation loss if the project is 
seen as failing to meet legal 
obligations. 

2 5 10 High 

Supply Chain Dependence on 
single customer (1) 

Risk if the PtX company reduces 
demand or cancels the agreement. 

2 5 10 High 

Reliability of 
chemical suppliers 

Delays or shortages in chemicals 
needed for water treatment. 

2 2 4 Low 

Reliability of 
equipment 
suppliers 

Delivery delays for critical 
treatment technology components. 

2 2 4 Low 

1PTX is an independent business, and it can decide to shut doors at any given time. A provider of technical water must be able to serve other 
purposes.  
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Stakeholder  Role  Interest  Advantages  Disadvantages  Influence  Responsible  Handling  

Consumer 
Authority  

revenue caps for 
water supply 

consumer 
protection 

economic 
assessments 

Energistyrelsen 
(Danish Energy 
Agency)  

Oversees 
energy 
sector 
regulations 

Compliance with 
renewable 
energy 
directives and 
PtX project 
approvals 

Alignment with 
EU regulations, 
green energy 
promotion 

Bureaucratic 
complexity, 
evolving policies 

Medium Project Owner 

Policy 
tracking, 
consultation 
meetings 

DANVA 

Industry 
association 
for water 
and 
wastewater 
companies 

Supporting best 
practices, 
benchmarking, 
and policy 
influence 

Industry 
networking, 
knowledge 
sharing 

Limited direct 
decision-making 
power 

Medium Project 
Manager 

Collaboration 
forums, 
industry 
benchmarking 

Infrastructure & Construction Stakeholders  

Stakeholder  Role  Interest  Advantages  Disadvantages  Influence  Responsible  Handling  

Construction 
Companies  

Responsible for 
building 
pipelines, 
storage, and 
treatment 
facilities 

Timely project 
completion, 
adherence to 
safety and 
environmental 
regulations 

Job creation, 
long-term 
contracts 

Project delays, 
cost overruns Great Project 

Manager 

Contractual 
agreements, 
timeline 
monitoring 

Roadwork & 
Infrastructure 
Contractors  

Handling 
excavation, 
road 
modifications, 
and pipeline 
installations 

Minimize 
disruptions, 
ensure public 
safety 

Infrastructure 
development, 
potential for 
future contracts 

Public 
inconvenience, 
traffic disruptions 

Medium Project 
Manager 

Coordination 
meetings, 
impact 
assessments 

DIN Forsyning  

Multi-utility 
company 
supplying water 
for PtX in 
Esbjerg & 
Varde 

Providing 
benchmark data 
and lessons 
learned 

Industry 
knowledge, 
collaboration 
opportunities 

Not directly 
involved in the 
project 

Medium Project 
Manager 

Information 
exchange, 
benchmarking 
analysis 

Industry & Benchmarking Stakeholders  

Stakeholder  Role  Interest  Advantages  Disadvantages  Influence  Responsible  Handling  

ØST PtX 
Esbjerg & 
Padborg PtX 
Projects  

Existing PtX 
projects for 
comparison 

Sharing lessons 
learned, best 
practices, and 
benchmarking 
data 

Knowledge 
transfer, 
industry 
collaboration 

Project differences 
limit direct 
applicability 

Medium Project 
Manager 

Case study 
evaluations, 
networking 

Public & Community Stakeholders  

Stakeholder  Role  Interest  Advantages  Disadvantages  Influence  Responsible  Handling  

Local 
Communities & 

Concerned 
about land use, 
environmental 

Transparency, 
minimal 
environmental 
disruption, 

Environmental 
improvements, 
sustainability 

Potential 
resistance to 
construction 

Medium Project Owner Public 
consultations, 
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Stakeholder  Role  Interest  Advantages  Disadvantages  Influence  Responsible  Handling  

Environmental 
Groups  

impact, and 
sustainability 

community 
benefits 

transparency 
initiatives 

Academia & 
Research 
Institutions 
(DTU, 
Universities, 
etc.)  

Research and 
innovation in 
sustainable 
energy & water 
reuse 

Opportunities 
for pilot studies, 
knowledge-
sharing 

Research 
funding, 
collaboration 
opportunities 

Limited direct 
project 
involvement 

Medium Project 
Manager 

Research 
partnerships, 
knowledge 
exchange 
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