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FOREWORD

ONE-Dyas

As the energy sector evolves, the challenge for oil and gas operators is clear: reducing emissions while
maintaining the reliability and safety of offshore operations. The pursuit of sustainability is no longer
optional - it is an operational and financial imperative.

Partnering with Symphony Wave Power on this feasibility study has given us valuable insights into the
potential of wave energy as a viable power source for offshore platforms. The study’s results
demonstrate that integrating renewable energy into platform operations can be both technically
feasible and commercially attractive. By leveraging the natural power of ocean waves, we see a path
toward reducing our carbon footprint without sacrificing operational integrity.

For our industry, this marks an important step toward the future of offshore energy. Innovation and
collaboration will be key to unlocking new efficiencies, reducing emissions, and securing long-term
competitiveness in an evolving market. We are excited about the next phase of this journey and invite
industry stakeholders to explore the opportunities that lie ahead.

Symphony Wave Power

At Symphony Wave Power, we believe that the future of offshore energy is clean, reliable, and
commercially viable. The global energy transition demands innovative solutions, and wave power
represents a transformative opportunity to decarbonize offshore operations without compromising
efficiency or profitability.

This feasibility study, conducted in collaboration with our esteemed partner, ONE-Dyas (operator of
the L11b-A platform, in a Joint Venture with EBN), demonstrates the technical and economic viability
of wave power integration for offshore platform electrification. Our findings confirm that wave energy
can provide a stable, sustainable power source, reducing reliance on fossil fuel-based generators while
improving operational efficiency and environmental compliance.

Beyond technology, this study signals a significant shift in industry mindset. Oil and gas operators
worldwide are seeking pragmatic pathways toward net-zero operations, and this project proves that
renewable solutions are not just aspirational—they are practical, scalable, and investable today.

We invite investors, industry leaders, and policymakers to join us in accelerating this transformation.
By leveraging the power of the ocean, we can unlock a new era of offshore energy that is both
sustainable and profitable.
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Executive Summary

Background and introduction of feasibility case study

ONE-Dyas is interested in exploring different technological options to fully or partially electrify its
offshore operated facilities. The L11b-A platform, one of the offshore assets owned and operated by
ONE-Dyas, has been earmarked as a suitable candidate for investigating electrification. Various
electrification options have been previously assessed for L11lb-A, including offshore wind in
conjunction with nearby platforms and floating solar installations. Focusing on wave energy systems,
ONE-Dyas aims to gain a better understanding of the technical and economic feasibility of deploying a
demonstration-scale pilot on L11b-A, recognising that other potential new developments can be
earmarked as suitable candidates.

Symphony Wave Power (SWP) is developing a Wave Energy Converter (WEC) system initially designed
for North Sea conditions, leveraging decades of ocean renewable energy expertise. Combining the
interests of ONE-Dyas and Symphony’s WEC development, a feasibility study was initiated to assess
the electrification of the L11b-A platform using SWP systems.

Basis of Design of SWP pilot

The first step was to establish the basis of design by investigating the local wave energy potential and
the L11b-A platform’s electricity demand. Based on this, a partial electrification scenario was selected,
where the platform’s auxiliary power requirements of 140kW are supplied by a hybrid solution of an
array of SWP units in combination with the platform’s gas generator on standby. The electrification of
the reboiler is included as an optional repowering, adding 40-80kW in power demand. A potential pilot
project would either need to be executed with minimal retrofitting to the platform or integrated in the
development of a new platform.

Pilot set-up and CO; emissions reduction forecast

Six SWP units can produce enough electricity over the year to provide an average power of 140 kW.
Including reboiler electrification, 69% savings on CO, emissions from the platform’s gas engine can be
realized. Overproduction would be either dumped or intentionally not produced. Large batteries are
not considered due to the very large setup required to reduce gas motor participation.

Check on feasibility of SWP pilot implementation

The feasibility of a pilot setup was reviewed with relevant personnel from both ONE-Dyas and
Symphony Wave Power, along with input from external experts from the Dutch Marine Energy Centre
(DMEC) and Energie Beheer Nederland (EBN). This was further complemented with various informal
contacts with relevant legislative bodies. The result showed no identified showstoppers in the
following areas:

e Electrical interface and power management
e Spatial implementation, installation, and O&M
e Health, Safety and Environment

Further detailing is required of the power cable platform entry, the permitting roadmap, the refined
overall control strategy and the anchor foundation.
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Combining the proposed setup with other renewable energy sources, such as solar, is earmarked for
further investigation due to the interesting synergy of intermittent power production from both
systems.

Conclusions and outlook

Wave energy can significantly contribute to the electrification of offshore production platforms.
Overall, no major technical showstoppers were identified, although further work is needed to address
certain details. While the costs for a pilot project are relatively high, governmental support can reduce
the necessary investment. The proposed pilot project would provide invaluable insights into merging
wave energy with offshore production platforms, paving the way for realistic electrification scenarios
in future greenfield developments.

This study is financially supported by ONE-Dyas and EBN and executed in collaboration between
Symphony Wave Power and ONE-Dyas.

Introduction Powering Offshore Platforms with Wave Power Page 4 of 14



one
dyas -Symphony

Table of contents

1 INTRODUCTION ...coieusiuesrassrensensiossrassrassrssssssssnssassrassrassrostosssssssassssssrsssssssssssassrasssassesssonssssssanses 6
1.1  CASE FOR ELECTRIFICATION FOR ONE-DYAS OPERATED ASSETS ...eveveeeeresessssssesseneessssssssssssssesesssessssssnnes 6
1.1.1  ESG STRATEGY AND EMISSION REDUCTION TARGETS ....veueeeerereeereeresoeeeseaneessesseeeessesseeneesneseenseseseneneeens 6
1.1.2  POTENTIAL IMPACT OF PARTIAL/ FULL ELECTRIFICATION OF ASSETS ...evveuverrerrerresseesseseessessessesessessensesns 6
1.2 ELECTRIFICATION OF OFFSHORE PLATFORM WITH WAVE ENERGY seuveeeeereeeessssssesrererssessessssssneeessesessssnsnnns 7
1.2.1  SYMPHONY WAVE POWER «.verveeeeereeeeeueeseeeeeeseaeeseeseesesessessesesneeeseesseasessesseessensesseessesnssanesesenseanesnnens 7
2 SETUP OF FEASIBILITY STUDY, FINDINGS AND RESULTS......cccceetuustensiairussressansrensrossenssenssansranses 9
2.1  SETUP: HIGH-LEVEL SCREENING OF ELECTRIFICATION CANDIDATES IN OD PORTFOLIO (E.G. L11B-A )............ 9
2.2 SETUP: PILOT WITH SYMPHONY WAVE POWER.......uuuuereeeeeereressssssnsseeeersssssssssssesesesssessssssssssssessssssnss 9
2.3 CO; PERFORMANCE ANALYSIS AND CONCLUSIONS.....evureeeeeereeessssssrereeesssssssssssssesesssesssssssssssesensssnes 10
2.8 FINDINGS «uvvvverreeereresesssssssreeesssessssssssssesessssssessssssssesesssesesssssssssesssssssssssssssesesssesssssssssnesessesssns 11
3 COMMERCIAL POTENTIAL...ccivusieesiansrensiassrassrunssnssessssssronsrassenstonssssssassrassrassssssssssssssanssasssnsseas 13
4 INVESTOR CONFIDENCE......cc0cutttuiientienciansrancranssnssenssssssssssassenssonssssssasssssssasssnssssssssssssssnsssnssans 13
5 CONCLUSION .. ciiiuiiueniensianseusseasssastonsiossrasssssesssssssssssssssssssssssssssonssssssasssssssssssnssssssssssssssnsssnsssns 13
6 CALLTO ACTION: SHAPING THE FUTURE OF OFFSHORE ENERGY ....cccctuuerueiinnsanniensiansrnnsiansees 14

Introduction Powering Offshore Platforms with Wave Power Page 5 of 14



dyas Symphony

1 Introduction

1.1 Case for electrification for ONE-Dyas operated assets

1.1.1 ESG strategy and emission reduction targets

In the global drive towards net-zero, the debate around the role of fossil fuels remains heavily
polarised. Still, it is generally accepted that hydrocarbons have an important role to play during the
transition towards a more diverse and sustainable energy system. Gas, due to its lower carbon
footprint and high flexibility as a swing producer, will continue to be a transitional fossil fuel for many
countries as they work to achieve their net-zero goals. Regulation, such as the UK’s North Sea
Transition Deal and related asset stewardship expectations, sets out an ambitious plan for how the
offshore oil and gas sector and the government will work together to meet stretching greenhouse gas
emissions reduction targets.

In this changing landscape, ONE-Dyas is committed to play its part in contributing sustainable, secure
and affordable supplies of energy in the UK, Germany and The Netherlands. Therefore, improving the
environmental performance of the ONE-Dyas portfolio and making tangible contributions towards the
objectives of the energy transition is a key focus for ONE-Dyas.

During 2023, ONE-Dyas cemented the near-zero ambition in a GHG Emissions Reduction Policy and
have continued efforts to drive further cuts in emissions through operational improvements and
energy efficiency measures, while progressing studies and negotiations for partial or full electrification
of offshore facilities. In line with these goals, ONE-Dyas is actively looking to support the development
and maturation of technologies that can contribute to the energy transition.

1.1.2  Potential impact of partial/ full electrification of assets

Approximately 78% of the ONE-Dyas Scope 1 direct emissions are attributable to combustion-related
sources (gas turbines or diesel generators onboard production platforms), which is broadly in line with
industry averages for the Southern North Sea. Consequently, electrification of offshore facilities has
the potential to contribute significantly to the sector’s emission reduction objectives.

In line with its emission reduction objectives, ONE-Dyas is interested in exploring different
technological options to fully (or partially) electrify its offshore operated facilities.
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Figure 1 - ONE-Dyas GHG Emission reduction execution

Looking at wave energy systems in particular, ONE-Dyas is seeking to gain a better understanding of
the technical and economic feasibility criteria and implications of deploying a demonstration-scale
pilot on L11b-A.

1.2 Electrification of offshore platform with wave energy

1.2.1  Symphony wave power

Since 2015, new ideas for the Symphony concept have been developed, based on the same (proven)
theory as used in an earlier concept. The main focus of Symphony has not been on the hydrodynamics,
but on strongly simplifying the PTO. | ———

To create a break-through in the world of wave S
energy, Symphony has found a concept that is '
strongly simplified compared to existing WEC
developments, and which delivers a scalable,
readily deployed and easily maintained ocean
energy technology. Much effort has been put
into developing a simplified, robust and
affordable PTO. It uses two new patented _ 1T TE
technologies: 1) a rubber roll-membrane in Figure 2 — Symphony Wave Power system
combination with an intelligently designed wall profile along which it operates and of 2) an innovative
bi-directional displacement turbine.

In 2017 these new technologies were built and tested for the first time as part of an EU R&D program,
with support of research institutes and industrial partners. Since then, especially the bi-directional
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turbine went through a number of improvement steps, while having support from the Portuguese
Basepoint program (2019-2021) and later buy the ENCORE? program (Interreg 2Seas 2022-2023).

SWP follows a stepwise approach and takes small steps that are aimed at de-risking the technology
before going to sea. Therefore the full PTO is now built and tested onshore before going offshore (dry-
test). This new PTO, together with a solid theoretical basis and a promising engineering route is key to
realise the next generation of wave energy systems.

The key USP’s for Symphony:

- Submerged system gives significant higher energy vyield;
Physical split of power electronics;

A rolling seal replaces PTO parts;

Easy installation;

Intelligent control strategy.

Background and introduction of feasibility case study

Dry test: Before testing at sea, all things that can
be tested on land will be tested in a so-called
“dry-test”. The dry-test is designed to test and
evaluate all critical functions and operations of
the device on land and to de-risk the at sea
testing (so-called “wet test”) as much as
possible, as this phase is cost intensive and
problems that arise in this phase can lead to
severe delays.

o The dry test is being performed in 2025 and
will de-risk the demonstration at sea. The H
planning is to test on land during 2025 and { l |
at sea in 2026. Also some technical upgrades 2 "ﬂ ;* ‘ h
will be done. After this demonstration in \

2027 the first applications can be powered
at sea.

Flgure 1 - Dry-test setup

1 Energizing  Coastal Regions  with Offshore Renewable Energy, Interreg 2 Seas,

https://www.interreg2seas.eu/nl/ENCORE

Introduction Powering Offshore Platforms with Wave Power Page 8 of 14



one
dyas -Symphony

2 Setup of feasibility study, findings and results

2.1 Setup: High-level screening of electrification candidates in OD portfolio (e.g. L11b-A)

The characteristics of the L11b-A platform (size, location, power requirements, remaining production
life) make it an interesting candidate for electrification and a sensible analogue for similar (future)
installations.

Figure 2 - Overview picture L11b-A platform

The following elements recommend the L11b-A platform for partial electrification applications:

o remaining production life of approximately 8 years, potentially enabling investment recovery

o auxiliary power requirements in the 100-200 kW range, addressable with small-scale electrification

o while larger and more complex than most small field satellite platforms (generally simple,
unmanned, monopile structures), L11b-A provides a reasonable analogue for Southern North Sea
developments.

2.2 Setup: Pilot with Symphony Wave Power

The SWP pilot set-up will have to be integrated in the platform power system. To prepare for the
system integration and to get a more comprehensive overview of the platform power consumption
patterns, ONE-Dyas shared load data timeseries. Two options were investigated. Partial power (140kW
or full power 2MW). A choice was made to just power the continues need for auxiliary power for this
a case study. This was investigated up to high detail including the internal wiring and the batteries
needed for optimal control to participate the variable power input from the waves into usable power
for the platform.
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Based on the available wave climate at location (Figure 3) a choice was made for the first system with
6 units and an extra electrification of a gas heater.

®  Noges @ S —

W 2D Spectra O

] 6 units
| 600kW |

N L11-B platform location:
53°28'21.30"N, 04°29'22.07"E

| Wave database output point:
#315954

+ = ! =4 =

— a207

Figure 3 Location of platform

Figure 4 lay-out

A layout for the installation shows that just little space is needed. The systems can easily be positioned
in the safety zone (Figure 4)

2.3 CO; Performance Analysis and conclusions

The impact on the CO, emissions of implementing Wave Power at the L11b-A platform can be
determined based on the avoided CO, emission of the gas motor and reboiler. For the analysis, the
following parameters have been used:

o Efficiency of the gas motor: 35%
o Energy content of the gas (calorific value): 38 MJ/m?
o CO,emission of the gas: 2 kg/m? of gas

For 3 scenario’s the CO, emission is calculated:

o The reference case where all auxiliary power is generated by the gas motor (140 kW continuous)

o The situation where 6 SWP units are placed and only 28% of the time the gas motor has to operate.
This leads to a CO, saving of 62% relative to the current emissions associated with auxiliary power
requirement.

o The situation where also electrification of the reheater is added. This leads to a CO, saving of 69%
from auxiliary power requirements.

The results are presented in the figure below:
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Impact on CO2 emissions
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Figure 5 Impact on CO; emissions from auxiliary power requirements of the L11b-A platform

24 Findings

During the study different topic are investigated. At below table there are a number of relevant
findings summarized.
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Feasibility topic

Checked on

HSE

In line with general and ONE-Dyas
specific HSE regulations?

Permits/legislation

Possible to amend/request required
permit?

Environmental impact

To be ALARP

Location WEC array

Is there room for installing a WEC
array?

Installation

Can installation be executed in an
acceptable manner?

Cable routing

Are the requirements for laying a
cable executable?

Cable entry

Can an entry point for the power
cable be realised on the platform?

Electrical plug-in

Can the electrical interface be

realised?

Power control

Can the produced power be

integrated in the platform?

maintenance

Operations &

Can the WEC array be operated and
maintained?

Economics & cost

Can the pilot project be financed?

Result

Findings feasibility study

Expert interviews indicate that no
major HSE issues are foreseen.

First checks seem to indicate that
acquiring a permit is feasible but
further detailing is needed.

WEC systems are designed to have
limited environmental impact.

Spatial implementation within the
500m zone is not a problem.

Installation can be performed by
small vessels with limited impact due
to screw anchor foundation.

Identifying an acceptable cable
routing seems possible, but necessity
and implications of cable burial to be
determined.

Technically feasible via a (to be
designed) new J-tube or some form
of clamping to existing
infrastructure.

Electrical connection possible due to
the availability of existing backup
connection point and space in
electrical room.

A hybrid set-up of SWP units (primary
power source), backed-up by the
existing gas generator will guarantee
the platform power requirements.

System can be controlled remotely
and/or by OD operators, combined
with periodic, low impact, pilot O&M
activities.

Cost of pilot project is relatively high
but financing can be matched with
various eligible funding schemes.

Legend:

Colour coding

Obstacles / no go identified

Further detailing required

No major obstacles identified
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3 Commercial potential

The commercial status of wave energy at this moment remains in the early stages of development.
While there have been advancements in technology and some demonstration projects, large-scale
commercial deployment has yet to be achieved. Several factors contribute to the current commercial
status of wave energy:

e Potential: Specific estimates of wave power potential in the North Sea vary, but they generally
fall within the range of tens to hundreds of gigawatts (GW). For example: European
Environment Agency (EEA): The EEA has estimated the wave energy potential of the North Sea
to be around 30 to 60 gigawatts (GW), highlighting the region's significant renewable energy
resources. Marine Energy Council: The Marine Energy Council has provided estimates of the
North Sea's wave energy potential ranging from 20 to 70 GW, depending on factors such as
wave climate, bathymetry, and technology efficiency.

e Regulatory frameworks: Regulatory frameworks governing marine renewable energy vary
between countries and regions, and navigating the permitting and licensing process can be
complex and time-consuming.

¢ High capital costs/ low fuel cost: One of the primary barriers to commercialization is the
high capital costs associated with developing and deploying wave energy devices. The
upfront investment required for building and sustainable energy converters. For wave energy
converters (WECs) in the current stage of development this is substantial, as the payback is
still unproven the return on investment for first projects is low. Many projects struggle to
attract sufficient funding in this pre-commercial scale. Only niche markets can provide the
needed project volumes to proceed.

4 Investor confidence

The commercialization of wave energy requires investment from both public and private sectors.
However, investors may be hesitant to commit capital to wave energy projects due to perceived risks,
uncertainties, and longer payback periods compared to more established renewable energy
technologies. On the other hand, wave energy has a high local acceptance because of space and visual
impact profile, which might create shorter development paths or even possibilities where wind and
solar have no opportunities. These local aspects still need to find their reflection in the investor’s
opportunity.

5 Conclusion

The feasibility study carried out with ONE-Dyas platform L11b-A as an example shows that wave energy
can significantly contribute to the electrification of offshore production platforms. Overall, no major
technical showstoppers were identified, although further work is needed to address certain details.
While the costs for a pilot project are relatively high, governmental support can reduce the necessary
investment, especially for the first pilots and demonstration. Additionally, other offshore installations
can benefit from these learnings and the scale-up of wave energy deployments.

Similar as with other renewable sources, wave power cannot provide all year around a constant base
load without the support from other systems, like electricity storage, or conversion to hydrogen and
back to electricity. Also, combinations with other power production systems (i.e. gas motor, solar
power) or connections to a grid which can act as a buffer are required to create a constant base load.
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When such buffers are not there or insufficiently large, not all wave power can be used at the moment
when it is available.

ONE-Dyas plans to incorporate these findings and consider wave energy during the concept
development phases of future projects. Additionally, ONE-Dyas will continue to promote wave energy
technology through its engagements with EBN, industry partners, and groups like ElementNL.

6 Call to action: Shaping the future of offshore energy

The commercialization of wave energy requires investment from both public and private sectors.
However, investors may be hesitant to commit capital to wave energy projects due to perceived risks,
uncertainties, and longer payback periods compared to more established renewable energy
technologies. On the other hand, wave energy has a high local acceptance because of space and visual
impact profile, which might create shorter development paths or even possibilities where wind and
solar have no opportunities. These local aspects still need to find their reflection in the investor’s
opportunity.

Get in touch for the full report

The findings presented here provide a high-level overview of the feasibility and commercial potential of
wave energy for offshore platforms. For a deeper dive into the technical analysis, financial modeling, and
implementation roadmap, we invite you to request the full report.

To explore the details of this groundbreaking study and discuss potential collaboration opportunities, please
reach out to us. Together, we can shape the next generation of offshore energy solutions.

E-mail: info@symphonywavepower.nl




