Co-funded by

3 the European Union

Baltic Sea Region

WaterMan

Overview of the pilot status

Recycling treated wastewater

for hydrogen production
Bornholm’s Energy & Utility Co. A/S

«.7.'7' !
_—

N
‘r 3 .‘\ '»

! f 2 -
.l/ » -
| .

\} Z

A A

A\ A s e

L \ e

\ | _— =

e 4
L

30 April 2025



Waterman P2X feasibility study - WP.2: Piloting and evaluating solutions

Feasibility Study on Reuse of WWTP Water for Hydrogen Electrolysis
Power Plant on Bornholm

Assessing the technical, economic, environmental and regulatory aspects
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Reuse of WWTP Water for PtX on Bornholm

Project Context & Motivation (Why are we doing this?)

* Bornholm, like many regions, potentially faces water scarcity and seasonal fluctuations in
water availability.

* Power-to-X (PtX) projects require large volumes of ultrapure water for hydrogen
electrolysis.

* \Wastewater reuse presents an opportunity to reduce freshwater extraction and create a
circular economy in water management.

* Aligns with Denmark’s sustainability goals and the EU Green Deal.

Scope of the Feasibility Study (What does this study cover?)

* Investigates whether treated wastewater from a WWTP can be reliably cleaned via
Reverse Osmosis (RO) and supplied to a PtX plant.

* Evaluates technical, economic, regulatory, and environmental aspects of the project.

 Compares wastewater with other water sources like groundwater and seawater.

* l|dentifies risks, regulatory barriers, and possible business models.
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Reuse of WWTP Water for PtX on Bornholm

Key Stakeholders & Relevance (Who is involved & why does this matter?)

* Project Owner: Bornholm Energi og Forsyning (BEOF) — Managing wastewater treatment & potential
water supply.

* Regulatory Authorities: Danish Water Sector Act, Miljgstyrelsen, and the Danish Competition &
Consumer Authority.

* Technology Partners: SILHORKO-EUROWATER (RO treatment), consulting firms (NIRAS, Rambgll, COWI).

* Industry & Market Players: PtX companies, hydrogen producers, and industrial off-takers.

* Research & Development: Collaboration with universities (e.g., DTU) and INTERREG WaterMan project
partners.

Key Questions to Answer (What will this presentation address?)

* Isreclaimed water a viable and cost-effective source for PtX water supply?

e Can RO treatment meet the required water quality, for further treatment?

* How do CAPEX, OPEX, and TOTEX compare across water sources? With focus on the 0.8 GW surplus
available for Ptx.

* What regulatory challenges exist in supplying reclaimed water?

* What are the main risks & mitigation strategies?
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Background & Theoretical Framework

Power-to-X (PtX) & Water Demand (Why is water critical for PtX?)

*What is PtX?
PtX refers to technologies that convert renewable electricity into hydrogen or

synthetic fuels (methanol, ammonia, methane).
Hydrogen production via electrolysis requires ultrapure water to avoid equipment

degradation and ensure efficiency.
*Water Consumption for PtX Hydrogen Electrolysis:
* 9 liters of ultrapure water per kg of hydrogen produced.
A 1GW PtX plant needs approx. 5-7 million m%year of ultrapure water.

*Why consider wastewater reuse?
* Reduces dependency on freshwater sources.

* Enhances sustainability by closing water loops.
Aligns with circular economy and climate adaptation strategies.

BORNHOLMS
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Background & Theoretical Framework

Wastewater Treatment Process & Reverse Osmosis (RO) (How do we turn wastewater into ultrapure water?)

*Stages of Wastewater Treatment:
* Primary Treatment — Solids removal, sedimentation.
» Secondary Treatment — Biological treatment (activated sludge, MBBR, etc.).
* Tertiary Treatment — Advanced filtration (sand filters, UV disinfection, chemical polishing).

*Reverse Osmosis (RO) for Ultrapure Water Production:
* RO is a membrane filtration process that removes salts, bacteria, and organics.
e Atypical system includes pre-treatment, RO membranes, and (EDI, ion exchange, UV
sterilization).
* Challenges: Membrane fouling, energy consumption, brine disposal.
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Background & Theoretical Framework

Regulatory Landscape (Who governs water reuse in Denmark?)

*Danish Water Sector Act:

* Defines two types of water suppliers:
* Wastewater Companies — Primarily treat wastewater; limited ability to sell reclaimed water.

* Drinking Water Companies — Can legally supply reclaimed/ultrapure water for industrial use.
 BEOF must explore legal options to supply PtX water.

*Environmental & Health Regulations:
* PFAS and micropollutants removal is a key challenge.
e Discharge of brine waste from RO systems must meet environmental limits.

*EU Renewable Energy Directive:
* Promotes hydrogen production from renewable sources.
e Supports sustainable water management in industrial applications.
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Background & Theoretical Framework

Comparison of Water Sources for PtX on Bornholm (Which sources are available, and how do they compare?)

High availability, lower treatment Limited capacity, potential over-
cost extraction

High energy cost for desalination,

Abundant, stable source )
low-medium recovery rate

Sustainable, reduces freshwater Requires advanced treatment,
use regulatory barriers
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Main approach:

o Assessment Criteria (Technical feasibility, Cost analysis, Risks, Environmental impact)

« Data Sources (WWTP water quality data, supplier quotes, requlatory requirements)

 Comparison of Water Sources (Wastewater vs. Groundwater vs. Brackish water)

Stakeholder Analysis

Key Stakeholders:

* Regulatory Authorities: Miljgstyrelsen, Bornholm
Kommune, Danish Competition and Consumer
Authority.

* Industry Partners: PtX companies, SILHORKO-
EUROWATER.

e Consulting Firms: NIRAS, COWI, Rambgll.

Objectives of Stakeholder Analysis:

Identify decision-makers and key technical contributors.

Ensure regulatory compliance (e.g., legal ability of
wastewater companies to supply reclaimed water).
Develop engagement strategies to align interests and
secure collaboration.

Risk Management & Feasibility Assessment

Key Risks Identified:

Regulatory Barriers: Compliance with Danish and EU
water supply laws.

Financial Viability: CAPEX, OPEX, and cost per m* of
reclaimed water.

Technical Uncertainties: Water quality fluctuations,

membrane fouling, brine disposal.

Approach to Risk Mitigation:

Internal & External Feasibility Studies to evaluate
financial and technical sustainability.

LCA Study to assess environmental benefits of reclaimed
water over conventional sources.

Sensitivity Analysis to evaluate impact of cost
fluctuations and technology performance.
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Key Findings & Results: Technical Feasibility - NIRAS report

Power-To-Hydrogen (PtH)

Plant size

Hydrogen production
(t/year)

1- 50 MW

90 - 4,500

50 - 200 MW

4.500 - 18.000

200 MW -1 GW

18.000 - 90.000

Ultrapure water

Annual water volume
(m?fyear)

Hourly water velume
(m3/hour)

750 - 37.000

015-7

37.000 - 150,000

7 -30

150.000 - 750.000

30 - 140

Potential water source(s)

Public water supply
Field drilling

Surface water

Public water supply
Contaminated
groundwater Treated
wastewater

Surface water

Contaminated
groundwater
Treated
wastewater

Seawater

Electricity supply
Wind

Sun

Met

Local electricity supply
X
X
X

Local
X
X
X

Desalination Technology '

Reverse Osmaosis, lon Exchange

Reverse Osmaosis, (lon Exchange)?

Reverse Osmosis

Table. Overview. Grouping of
Power-To-Hydrogen (PtH)
plants based on size, potential
water source and clean water
technologies, and electricity
supply. Data based on market
dialogue, and key figures for
the PEM electrolysis process.
Key figures used: specific
energy consumption of 5.8
kWh per m3 of ultrapure
water. Operating time of 5,300
hours per year (61% of the
time). Hydrogen density at
standard conditions of 0.09 kg
per Nm3, density of water at
8°C 0of 999.9 kg/m3

Source: NIRAS report “

” 2024
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Key Findings & Results —

How much ultrapure water to produce H,?

Technical Feasibility (RD treatment performance, required infrastructure)

HHTTTH
[ 9kg | [ 1kg |

* RO treatment achieves water quality suitable for delivery to Ptx. But post-

polishing is required for ultrapure water (out of scope). Q
Electrolysis of 9 kg ultrapure
water results in 1 kg hydrogen.

* Pipeline network to transport reclaimed water from the WWTP to the PtX plant.

Silhorko-Eurowater A/S

* Storage solutions to handle fluctuations in water demand.

* Brine disposal system to comply with environmental regulations. R
How much ultrapure water per MW electrolyser?
Q-
120 m3/h 160 m3/h N .
170 m3/h 230 m3/h — ﬁ
-

150 m3/h 200 m3/h

Ultrapure water Blectrolyser
0.2 m%h 1MW

The quantity of ultrapure water required per MW
depends on the efficiency of the electrolyzer
SN
Silhorko-Eurowater A5

~275 m3/h

150-160 m3/h
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Renne WWTP does not have sufficient wastewater, but the centralized system would suffice.


https://www.grundfos.com/solutions/industries/clean-energy/green-hydrogen?tab=explore
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Key Findings & Results: Economic Feasibility - Niras report, costs section summary

. Demands and efforts CAPEX OPEX TOTEX {10 years)

50 MW 1GW 30 MW 1 GW 50 MW 1 GW 30 MW 1 GW c
1 N 3 A 3l I il P (BT stz 05

— (Annual Operation) and TOTEX (Total
reated wastewater
Annual Costs) of 50 MW and 1 GW
Clean water systems A5 21 .. installations for alternative water sources

and technology trains, as well as prices per
Wastewater treatment plants: Special m3 of ultra pure water. The economic
PFAS challenges in the catchment . .
ares uncertainty is colour-coded, as shown at

Wastewater treatment plant: Diffuse ) ) - the bottom of the table.
PFAS input from the catchment area "

Groundwater

Clean water systems

Wastewater treatment plant: No
specific groundwater contamination

Surface water

I Clean water systems

Wastewater treatment plant: Di
PFAS input from the catchment

Seawater

| [Cemvategstons | s | om0 | 7 | s | e | ow
PRSI 7 | » | o | s | v ] s ]|
Economic uncertainty: =50% Economic uncertainty: 30-50% Economic uncertainty: 30%

Source: NIRAS report “ ”,2024 N ENERGI&FORSYNING
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Risks — What Could Go Wrong?

Framing Risks as Obstacles:

* Political: Changes in environmental policies, subsidies, or water sector regulations.
* Economic: Cost fluctuations in infrastructure, energy, and operational expenses.

* Social: Public perception and acceptance of wastewater reuse.

* Technological: Failures in treatment technology or new regulatory standards requiring
adjustments.

* Legal: Compliance with the Danish Water Sector Act and other regulatory barriers.

* Environmental: Potential brine disposal challenges and water scarcity issues.
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Sample of full risk list

Risk Analysis

What Can Go Wrong | Consequence (1-5) Probability (1-5) | Risk Score (C X P) Preventive Actions Mitigation Actions Responsible
Water quality & 4 12 (High) Real-time monitoring, Emergency polishing, Technical team
composition issues Prevent- Plan B advanced treatment alternative water sources

controls
Dependence on a single 5 10 (High) Market diversification, Flexible supply Business Development
customer Prevent- Plan B contractual agreements agreements, alternative
off-takers
Equipment failure 3 Preventative maintenance, | Rapid repair protocols, Technical Operations
redundancy systems spare parts inventory
Fluctuations in operational | 3 Long-term supplier Budget reserves, price Finance Team
costs agreements, cost adjustments
forecasting
Staff shortages 2 Workforce planning, Temporary staffing HR & Operations
cross-training employees | solutions
Supply chain risk 2 Multiple suppliers, Emergency procurement Procurement Team
(chemicals & equipment) inventory management

Risk mitigation strategies:

Technical Mitigation:

. Routine RO system testing and backup systems.

Regulatory Mitigation:

. Monitoring legislative changes and adapting.

Market Mitigation:

. Engaging with stakeholders to evaluate market shifts.

BORNHOLMS
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Conclusion - Key Takeaways

* Technical Feasibility: Reclaimed wastewater can be effectively treated to ultrapure water using
Reverse Osmosis (RO) and lon Exchange, ensuring water quality for hydrogen electrolysis.
BEOF secures reclaimed water up to RO.

* Economic Feasibility: uncertain with RO wastewater price. But significant cost reduction at
scale, with ultrapure water costs dropping from DKK 135/m?3 (50 MW) to DKK 35/m?3 (1 GW).

* Regulatory Considerations: The wastewater company’s ability to supply PtX companies
depends on compliance with the Danish Water Sector Act and coordination with the Danish
Competition and Consumer Authority.

e Sustainability Impact: Using reclaimed water instead of groundwater or seawater improves
environmental sustainability, aligns with EU renewable energy goals, and reduces overall water
stress.
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Recommendations

e Establish a Dedicated Water Company.

e Engage Early with Regulatory Authorities.

* Leverage Wastewater as the Primary Source

* Maximize Energy Efficiency (Ptx synergies).

* Plan/mitigate for Future Water Demand Fluctuations

* Invest in High-Efficiency Reverse Osmosis (RO) ( 2025)
e Conduct Detailed CAPEX and OPEX Studies (engage with consulting companies)

= BORNHOLMS
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Eurowater - Feedback

CAPEX and OPEX Estimates:

* Difficult to assess; depends on final water treatment system design.
*  Estimated cost: €1-3 million (excluding EDI).

* Additional costs for specialized wastewater processes (e.g., concentrated RO waste during dry summers).

Water Treatment Plant Area Requirements:
*  Depends on design; compact units (e.g., standard RO unit ~5 m? footprint).
*  Estimated need for multiple units.

Using Baltic Sea Brackish Water:

*  Feasible with reduced pressure due to lower salinity.

*  Technical advantages over wastewater; more experienced vendors.

. Brine management: easier with seawater, can blend with wastewater for reduced impact.

Brine Management Solutions: ( 2025)
*  Eurowater does not include brine management (meaning mixers and distribution/discharge pipes) but solutions exist.

PFAS Removal:
* PFAS can be eliminated through incineration (e.g., pyrolysis).

New Treatment Plant on Bornholm:
* Opportunity to future-proof with PtX integration. Source:
* Consider synergies (e.g., using PtX oxygen for wastewater treatment, CO2 from biogas). Henrik Teekker Madsen

* Maintain independent operation of wastewater system from PtX facility. Application Development Manager

EUROWATER
A Grundfos company

BORNHOLMS
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Thank you!

Questions?
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Co-funded by Access the ,,BSR Water Recycling Toolbox” here.

HILCIIrcy
the European Union https://www.eurobalt.org/waterrecyclingtoolbox/

Baltic Sea Region

|||||| SUSTAINABLE WATERS

WaterMan

The ,BSR Water Recycling Toolbox” was elaborated as part of the project “WaterMan -
Promoting water reuse in the Baltic Sea Region through capacity building at local level”, The
project is co-financed by the European Union (European Regional Development Fund) and
implemented within the Interreg Baltic Sea Region Programme. More information:

eurobalt.org/WaterRecyclingToolbox
interreg-baltic.eu/project/waterman

WaterMan promotes a region-specific approach to water recycling, which
intends to use the alternation of too much and too little water that has become
typical in the Baltic Sea Region to make the local water supply more resilient,
and supports municipalities & water companies in adapting their strategies.

The contents of ,,BSR Water Recycling Toolbox” are the sole responsibility of the authors and can
in no way be taken to reflect the views of the European Union, the Managing Authority or the
Joint Secretariat of the Interreg Baltic Sea Region Programme.
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