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Deployment Modelling

How much wave and tidal could be installed by 20507

6.2 GW

4 Energy planning ) Tidal Stream
modelling 0 6.4 GW
ay Wave
" EESSM E CATAE!.!V&! 300 W Tidal Stream
k Modelling Environment _ m Wave
% 20 H Offshore wind (floating)
» GB deployment modelling to 2050 > m Offshore wind (fixed)
» ESME model run by ESC g worstorevin
[S] olar
» Future Ambition Scenario g 0 Nuclear
. e
» Cost assumptions: 2 00 m Gas CCUS —
B m Gas Supergen (g =
® Interconnectors E::ii\:’eevri]:gmztljzee;r:yment of
TeCh nO|Ogy zoi%toarEget 50 u Hydrogen 12G¥Vwolztve\l;‘asvl:yaggs'lgdal Stream
. 0
Tldal stream €1 OO/MWh 2030 2035 2040 2045 2050
Wave €150/MWh
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Economic Benefit (GVA)

GVA Benefits:
« £4.9B - £8.9B from UK deployments
 £6.4B - £32.1B from International deployments

« Great Just Transition argument !
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GVA (bn)
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System Benefit Supergen (g i

System benefits in 2050:
 £1.03B annual reduction in cost of dispatch

300 GWh reduction in fossil fuel dispatch

Supergen (@

Normalised demand/generation (p.u.)

What are the UK power system
benefits from deployments of wave

* An enabler of offshore wind ! and tidl stream generation?
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Demand Wind Solar Wave | | mm..l_l

(2 week moving average)

S
. THE UNIVERSITY of EDINBURGH
School of Engineering

Policy and Innovation Group



Five reports

Deployment
Modelling
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Delivering Net Zero:

Achieving the Deployment of
12GW of Wave and Tidal Stream
in UK Waters by 2050

Economic Benefit Systems Benefit

(GVA)

s e

Supergen

What are the UK power system
benefits from deployments of wave
and tidal stream generation?

Existing Underpinning
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Value of Innovation Areas of Innovation
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Ocean Energy and Met Zero:

Research and Innovation
ort for the

for Wave and Tidal Stream
in the UK and EU

A 2023 Summary
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Market Pull and Tech Push Policy Analysis

Ocean Energy and Net Zero: /\
Policy Support for the

Eost Efactive Dalivery of Costs of commercialisation
12GW Wave and Tidal Stream by 2050

i Wave Tidal Stream

sble Energy Hulb Palley Fapar prapared by the
p ait tha Univansity of Edinburgh

What is the least cost option to deliver
6GW of wave + 6GW of tidal stream by 20507

- Technology Push Funding Analysis
- Market Pull Funding Analysis

gl
7 A~ THE UNIVERSITY of EDINBURGH

/= School of Engineering

8
Policy and Innovation Group



Offshore
Renswable
ergy

D)
Existing Polices — Technology Push (Wave & Tidal Stream) °UPST9eN (o)«

#

Between 2017-2022 Funders Comparison

£450

£404

£400

Total funding in UK: £315 Million

Millions

£350

e Total Funding from EU: £241 Million £300

£250 £ 241

e Total Funding from UK: £74 Million

£200
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£100 £74

- -
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Existing Polices — Technology Push (Wave & Tidal Stream) SUPErgen (g i

Between 2017-2022
Total Domestic Funding: £74M

* Total Funding from Scottish Govt.: £44M
e Total Funding for H.E. Guarantee: £4.8M

* Total Funding from UK Govt.: £25.2M

e EPSRC: £18.4M
* Innovate UK: £3.6M

* Energy Entrepreneurs Fund: £2M
e Others: £1M

Millions

£60
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£40

£30

£20

£10

f0

Main Technology Push Funders in UK

2017-2022 (Wave + Tidal Stream)

Total Funding £74M*

UK Govt. £30M

Scottish Govt. £44M

UK Govt. £18.9M
Others** £0.5M
EPSRC £18.4M

Low TRL

Medium TRL

Offshore
4 1 Renswable

Scottish Govt. £44M
Wave Energy Scotland £35.5M
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EuropeWave £3.5M

Saltire Prize £5M

UK Govt. £10.9M

Others** £0.5M
Energy Entrepreneur Fund  £2.0M
Innovate UK £3.6M
Horizon Europe Guarantee £4.8M
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Strike Pri .
:/njwr:e 4 @ Tidal Stream

CfD mechanism

: 226.10,,,
e Tidal Stream ) T TR R
o . . : Market Pull + Tech Push
** From 2022 (CfD4 - Strike Price £178.54/MWHAh) N
Market Price | - -E—an-difg _______________ .
2022 Yez;r
Strike Price“ @ Wave

£/MWh

 Wave (Assumption)
* From 2027 (CfD9 - Strike Price £178.54/MWh) 226.10;0:,

(178.54,,,,)
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Market Pull — Future Scenario Analysis (Tidal Stream) supergen

Tidal Stream Strike Price Trend Tidal Stream
6GW by 2050
250
O Total Market Pull Investment s @ End of CID as Strike Price
= "~ reaches parity with WMP
. § 150 -~
e LR 10% - Suboptimal £18.6Bn <
i; 100
e LR15% - Preferable £ 3.3Bn 5
50 ]
° LR 20% - Am bitious £ 1.9Bn Electricity Wholesale Market Price (WMP) LR20% e
0
Total Market Pull Investment for Tidal Stream
6GW by 2050
. 25
Technology Push investment greatly . c18.68
J c
reduces total Market Pull investment 2 1
q_rlc’\l 10
5 £3.3B
£1.98
o | 0 —
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Market Pull — Future Scenario Analysis (Wave)

O Total Market Pull Investment
* LR 10% - Suboptimal £20.5Bn
* LR 15% - Preferable £ 3.0Bn

e LR 20% - Ambitious f 1.3Bn

Technology Push investment greatly
reduces total Market Pull investment
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Strike Price £,4,,/MWh
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Wave Strike Price Trend @ Wave
6GW by 2050 .

@ End of CfD as Strike Price
reaches parity with WMP
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£,02, Billion

25
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15

10

Total Market Pull Investment for Wave

6GW by 2050
£20.58B
£3.08
£1.3B
|
LR 10% LR 15% LR 20%
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Market Pull — Future Scenario Analysis

Total Market Pull Investment
Su mma ry 6GW Tidal Stream + 6GW Wave by 2050

Strike Price reduction starts after ARS for Tidal Stream,

0 Total Market Pull investment is greatly s after AR10 for Wave
40 :
affected by the rate of cost reduction 3
30
O Rate of cost reduction is :
g 20
greatly affected by c
10 £6.4B
Technology Push Investment Z — — 20
LR 10% LR 15% LR 20%

B Wave ETidal Stream

Remember High TRL UK - £3.6 million
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Supergen (@ i How should UK strategise future R&l funding?

Research and Innovation Step 1 Establish current R&d landzcape

for Wave and Tidal Stream
:n the UK and EU Current R& Landscape

o Un ' SRIA Challenge Areas
BTN N i

A ||\ | { A .d,__j ?g\ N\ .
- Fl— - ft‘-..._ I S -\‘\ : ' R __:: "‘—\-\i

Design and Foundations, Integration in the Data Cellection,

Logisties

cean Energy eorng Operations -
Deavices

- = m— —M:m Challenges
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R&l Opportunities
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Demonstration & Innovation Analysis

SRIA Recommendation (Baseline)

Period 2021-2025
Recommended Budget 664 €m*
Suggested Number of Projects 148*

6 Challenge Areas

0 Design and validation of ocean energy devices
0 Foundations, Connections and Mooring

0 Logistics and Marine Operations

0 Integration in the Energy System

0 Data Collection & Analysis and Modelling Tools

0 Cross-cutting Challenges

’:-\35) Offshore

—4  Renswable

Energy

Strategic Research
and Innovation Agenda
for Ocean Energy

May 2020
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Research & Innovation Analysis

6 Challenge Areas - 17 Priority Topics

For each priority topic, the SRIA defines:
* Scope

e Applicability (wave, tidal, others)

* Expected impact

e TRL (entry/exit)

* Budget Required (number and size of

projects)

Challenge Areas

THE UNIVERSITY of EDINBURGH
School of Engineering

Policy and Innovation Group

Priority Topics

Demonstration of ocean energy
technology at array scale

Application of innovative materials
from other sectors

Improvement of tidal blades and rotor

Improvement and demonstration of

foundations and connection systems
for bottom-fixed ocean energy devices

Supergen (g

I-'l_u.m.l.:-ﬂr am':l'-!_?;iée

of actions®

7 Projects at array scale

A few medium and
around 5 small

Around 5 medium and
a few large

Around 5 medium and
around 5 small

Offshore
Renewable
Energy

Budget Required [million €)

Cptimisation of maritime logistics and | Around 5 medium and 55
operations a few large

Instrumentation for condition P S &0

monitoring and predictive 25

maintenance ST =
DEU’EIDFII‘IEIE'IdC dernul_'l_s:h'ahrg near- 5 I

. commercial application of ocean e B0
I_!__Ih!__ = a.t“;f" U EHE Eul gy energy in niche markets ree 86

A Quantifying and demonstrating grid- Ao &

scale benefits of ocean energy
) Marine observation modelling and Af edi d

Data Collection & forecasting to optimise design and LSt md E:um Eﬁ-' 25

Analysis and Modelling operation of ocean energy devices RELIRSEIS L SIS 35
Tools
Open-data repository for ocean energy Around 5 small 10
Improvement of the environmental

and socioeconomic impacts of ocean Around 5 small 10
Cross-cutting Challenges energy 20

Standardisation and certification Around 5 small 10

L 1,006



Research & Innovation Analysis SUpergen (g i

Current Status Budget (Public Funding)
€700 €664
é € 600
Budget 7
g €500 €496
SRIA Ask 664€m
% €400
Delivered 496€m €300
€200
€100
€0
SRIA Ask Delivered
AQOP) THE UNIVERSITY of EDINBURGH
“WgW: School of Engineering *Boundary: only includes projects/activities in wave and tidal stream we are aware of

Policy and Innovation Group that are active within 2022-2025



Current Status — Budget Supergen @

Energy

1.1 Device Demonstration |

1.2 Array Demonstration |

1.3 PTO & Control (Wave) |

1.4 Innovative Material T
1.5 Novel WEC I

1.6 Blade & Rotor (Tidal Stream) |
2.1 Mooring (Floating) | | SRIA Recommendation 664 €m
2.2 Foundation (Bottom-fixed) T——] Delivered 496 €m
|
o —
|
O
—1
-
=
-

Delivered (Grant Aid) OSRIA Ask (Grant Aid)

3.1 Maritime Logistic & Operation

3.2 Condition Monitoring

4.1 Niche application

4.2 Grid-scale benefit

5.1 Marine Observation

5.2 Open Data Repository

6.1 Environmental & Socioeconomical
6.2 Standardisation and Certification
7.1 Coordination and Support

7.2 Analysis and Modelling Tools

7.3 Development of Tidal Device

~ 7.4 Testing Facilities
7.5 Open Sea Test Sites

7.6 Support for Device and Array

7.7 Hybrid and co-location of devices

€0 €50 €100 €150 €200

Millions €250

N THE UNIVERSITY of EDINBURGH
School of Engineering
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SRIA Analysis — Challenge Area 1, Priority Topic 1

1. Design and Validation of Ocean Energy Device

1.1 Demonstration of ocean energy devices
to increase experience in real sea conditions

Supergen (g i

© Orbital Marine Powe

Ly
g
AP THE UNIVERSITY of EDINBURGH
NN School of Engineering
-

Policy and Innovation Group
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1 Design and Validation of Ocean Energy Device

- Offshore

1.1 Demonstration of ocean energy devices to increase experience in real sea conditions

No Projects Budget .
£ €120
Z 100M
SRIA Ask € 100 ¢
. 10 Large
e Medium 10
* Large 10 € 80
Total 20 100 €m
€ 60
€51M

Delivered ) Large

€40
* Small 3 10 Medium
e Medium 7 €20
* Large 2 7 Medium

Total 12 51 €m € - 3 Small
SRIA Ask Delivered
. | Medium : Large
€2'M €8lM Funding Amount
‘)’, THE UNIVERSITY(_){EDINBURGH
QY- School of Engineering 21
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1 Design and Validation of Ocean Energy Device
1.1 Demonstration of ocean energy devices to increase experience in real sea conditions

SRIA Ask

Delivered
* Wave
e Tidal Stream

Neo Projects

20

12

Supergen (g

€30M

" €30 ES|MAISTER, €0.4
g EC+Ec|TocardoB.V., € 1.4
= UK | Flex Marine Power, € 2.2
=
€25 ES|ATIR2.0,€2.0
€21M
NL|Tidal Kite, € 2.3
EC+Ec|ROTARY WAVE, €0.5
£20 ES|WELLO,€1.1
DK | Exowave, €1.9
NL|Slow Mill, € 2.5
€15
EC|NoviOcean NO500,€2.1
EC|FORWARD2030, €22
€10
EC+UK| WEDUSEA, € 13.1
€5
€0
Wave Tidal Stream
. | Medium , Large
1 1 m >
€2M €8M Funding Amount

JA.  THE UNIVERSITY of EDINBURGH

School of Engineering
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Offshore

1 Design and Validation of Ocean Energy Device Supergen (g &

1.1 Demonstration of ocean energy devices to increase experience in real sea conditions

Main Funders

Tidal Stream

e EC
Wave
e EC

EC+Ec

EC+Ec

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

EC - European Commission
Ec - European countries

Vi

g
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Summary: the policy makers tool box Supergen (g ww

Deployment Economic Benefit Systems Benefit Value of Innovation Areas of Innovation
Modelling (GVA)

Supergen @ er Supergen @ Supergen (@ Supergen (@ :

What are the UK power system
benefits from deployments of wave
and tidal stream generation?

]

e 6GW Wave + 6GW Tidal Stream — Net Zero

e Socioeconomic benefit — Just Transition

Policy
- Methods Toolbox

* System Benefit - Enabler of offshore wind

 Consistent Demonstration and Innovation is essential

3
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