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Impact for a better society

%
TUDelft

At TU Delft, we aim to make an ‘impact for a better
society’. We take on global challenges that affect everyone
personally: the climate, the energy transition, urban growth,
digital society, health.

We do all of this the Delft way — thoroughly, hands on,
pragmatically, innovatively, with guts, outside the box and
socially engaged. We always work on the basis of multiple
perspectives and interests. Our solutions are future-proof.
We do not work alone, but together with our partners.

Inspired by ambition, TU Delft works to achieve positive
change through world-class research, teaching and
innovation.
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Marine renewable energies will allow us to meet our own
needs without compromising the ability of future generations
to meet their own needs.

In addition, socio-economic resources can benefit from the
“right” development pathways, which can help us develop
added value to societies, and transition older industries.



Marine Renewable Energies Lab

Accelerate the renewable energx transitioni through iInnovative research in marine energies

MREL is a vertical integrated research group that provides comprehensive solutions for marine renewables, through
breakthroughs in SotA via a holistic iterative loop of decisions.

Our focus is on marine renewables, offshore floating wind, wave energy, tidal energy.

1. Modelling & Climate

2. Devices & floaters

3. Array Optimisation

4. Energy System Integration
5. Techno Socio-Economic
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MREL vertical integration
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Metocean
modelling &
Climate Change

* Improvement & optimisation of physics driven model

» Regional model adaptation

» Magnitude and regional evolution of CC

» CC impacts on key design and performance indicators for marine RES

Wave Energy
arrays &
Floating wind

+ Optimisation of hulls through detailed design and metocean interactions
* Novel methodologies to estimate power production of WEC

» Automated physics driven array optimisation

 Physics & wave driven optimisation of PTO and control strategies

* Novel material(s) development and design assessment

Energy
Integration &
Environmental

_J
~N
* Integration of Marine Renewables in real energy systems, impacts & quantification
» Deployable potential and regional multi-system integrations
* Life Cycle Assessment of marine renewable (WEC, Tidal , Wind, Floating Solar)
,

Techno-Socio-
economics

» Market Push/Pull mechanism assessment for marine renewables development
» Job potential per technology & region

» Experience & technology curves evaluation

* Environmental Impact integration in decision making

Open-source
models

» Development of open-source models for large scale marine renewables (accurate, efficient and cost effective)
» Open access metocean datasets for metocean & tidal data
* Open access datasets on optimal design & deployment regions




The future

IPCC, 2021
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Scenarios Impact
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l Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions
Policies & action
Real world action based on current policies °C

2030 targets only 37
Based on 2030 NDC targets* {

Pledges & targets SSP5-8.5
Based on 2030 NDC targets* and The near-linear relationship

. I submitted and binding long-term targets - N SSP3-7.0
;oln?_es Optimistic scena:io g g 2.5 between the cumulative
action issi
2030 Best case scenario and assumes full CO: e,mISSIOnS ar]d gIOba,l SSP2-4.5
targets implementation of all announced targets warming for five illustrative
only including net zero targets, LTSs and NDCs*

7@ Pledges & scenarios until year 2050 SSP1-2.6
E targgets Optimistic + Temperatures continue to rise after 2100

SSP1-1.9

scenario * IF 2030 NOC targets are weaker than projected emissions levels
+2.3°C under policies & action, we use levels from policy & action
+2°C +1.8°C 1.5
1.5 +1.57C
: 1.5°C PARIS AGREEMENT GOAL CAT wa rmlng projectlons
[ T —— Global temperature 17
1.2°C Warming H
in 2022 Increase by 2100 Historical global

November 2022 Update 05 warming
PRE-INDUSTRIAL AVERAGE :
Global mean : Cumulative CO, emissions since 1850
temperature @guﬂg;ﬁ 0 M n 1 T T T T T T T 1
|I|;|;r2e1aos§ Tracker WV 1000 2000 3000 4000 4500 GtCO,

IPCC, 2021
Climate Action Tracker 2023



Mitigation

Global greenhouse gas emissions by sector

This is shown for the year 2016 - glohal greenhouse gas emissions were 49.4 billion tonnes CO,eq.
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OurWorldinData.org - Research and data to make progress against the world’s largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020

Our world in data 2023
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IEA 2023



Mitigation & Marine Renewables

United Nations: Sustainable Development Goals

13 CLIMATE DECENT WORK AND INDUSTRY, INNOVATION

ACTION ECONOMIC GROWTH AND INFRASTRUCTURE
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European Commission: Offshore Energy Strategy
= 300 GW offshore wind
=40 GW wave & tidal

European
Commission

Conference of Parties (COP): Country commitments for

reduction of emissions
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Marine Renewables NECP
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* European Commission, Blue Growth, Ocean Energy, 2020
* European Commission, European Green Deal, Clean Energy priorities, 2020
* JRC, Ocean Energy Market report, 2019
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The Netherlands (short-term) 2030 goal

Expected growth PV capacity by type (in GWp) Offshore Wind Energy

2024 2026 2026 2027 2028 2028 2030

Oftshore
Inland water

Infrastructure

Roadmap 21 GW Solar: =50 GW

© Offshore wind: 21 GW
Onshore wind: 7 GW
- Total: =78 GW

Land
Large roots (including cattle sheds)

B residential homes (including high-nse residential buildings)

Development Framework for Offshore Wind Energy Ministry of Economic Affairs and Climate Policy Directorate-General for Climate and Energy, 2024
RVO, Solar and storage synergies for a sustainable future Dutch PV and energy storage technology, 2024



The Netherlands (short-term) 2030 goal

Expected growth PV capacity by type (in GWp)

B e Solar: =50 GW
" Offshore wind: 21 GW
. , Onshore wind: 7 GW
Total: =78 GW

- An official website of the Eurcpean Union How do you know? w
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Energy, Climate change, Environment

Energy 9% (minima) need to be wave, tidal,

floating wind

| Home | Topics ‘ Strategy v | Data and analysis Energy explained » [ Studies | Publications ‘ Consultations | Events | News |

Home > Publications > Communication on innovative technologies and forms of renewable energy deployment

GENERAL PUBLICATIONS

Communication on innovative technologies and
forms of renewable energy deployment

Wave energy expected =3-4GW

PAGE CONTENTS De'ta”S

Details Publication date 2 July 2025

Files
Author Directorate-General for Energy

Development Framework for Offshore Wind Energy Ministry of Economic Affairs and Climate Policy Directorate-General for Climate and Energy, 2024
RVO, Solar and storage synergies for a sustainable future Dutch PV and energy storage technology, 2024



The Energy Transition pathways

Without significant marine renewables 2030 With the OES marine renewables 2030
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Wave energy converters (WECSs)

There are different types of WECs with different operating principles, different extraction capabilities,
deployment depths etc
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Wave Energy Converters
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Opportunities and feasibility
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Wave energy in the Netherlands
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WECs & marine renewables as additional influences

53.15°N
53.12°N 53.14°N
53.115°N 53.13°N
E
53.11°N 53.12°N g
53.105°N - 53.11°N ! 3
o ’ ::)
53.1°N o LN ° oz
53.095°N il 53.09°N |01
53.08°N -0.2 g
53.09°N _ &
53.07°N -0.3
53.085°N i
53.06°N -0.4
53.08°N 4
53.0S°N% © % % ‘<° 5, -0.5
53.075°N = u‘-"b u-b‘b s b‘,.(\, vﬁ\b‘ ‘;’\%
32 1.0
—— 3L Array Considered
30 1 —— 5L Array Considered
= | —— Array Neglected - 0.5 g
Wake effects influence the power production BUT will £ 56 00 ;
also reduce the incoming waves for coastal structures. § 24 osd
.. . . & -1.0 5§
Our preliminary research shows potential for reduction © 204 g
of loading and potential cost savings. 18 T reductionaL [ 15 €
16 - —— Reduction 5L
-2.0

3
TUDelft

2012

2014 2016 2018 2020
Year

17



HAMS-MREL: fast & effective BIEM solver for Marine renewables
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o Wu (1935
—— HAMS-MRAEL
——— WAMIT

0.0 05 1.0 15 2.0 25 3.0 3.5
va (-)

(a) Added mass in surge

© Mavrakos (1991)
—— HAMS-MREL
- WAMIT

0.0+
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(b) Radiation damping in surge

Fully validated with analytical, semi-analytical and
inter-model comparison.

WEC Solver No. of panels DOF Time (s)

PA(HULL)  WAMIT 2448 6 72
NEMOH 2448 6 765

| HAMS 2448 6 36 |

PA(HULL  WAMIT 2448+1584 6 176

+WATER)  NEMOH 2448 6 765

| HAMS 2448 +1584 6 175 |

OSWEC WAMIT 716 I 39

(HULL) NEMOH 716 1 210

| HAMS 716 6* 11|

* HAMS always calculates for all 6 DOFs




MOI’G can be SCC ONn Oour WebSite Marine Renewable Energies Lab
www.tudelft/nl/ceg/mrel

Questions welcome !

Thank you for your attention
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