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Hypothesis: ocean energy can provide additional benefits to low carbon energy systems due to offsetting of
resource with established renewable generation — such as wind and solar PV

GB load and generation comparison - first week of January 2015

wind

=
~

=
n

wave

Power {normalised to peak)
= = 2
L £ Ln

=
[

load

=
=

11
16
21
26
il
i6
41
46
51
56
61
BE
71
76
g1
BB
a1
96
10
106
111
116
121
128
131
138
141
146
151
156
161
166

Hour /-\



System bene

Hypothesis: ocean energy can provide additional benefits to low carbon energy systems due to offsetting of
resource with established renewable generation — such as wind and solar PV

GB load and generation comparison - first week of January 2015

wind

S
-l

=
=

=
in

wave

=
F:Y

Power {normalised to peak)
=}
L

=
fa

load

=
=

11
16
21
26
51
i6
41
46
51
56
61
66
71
76
81
1
a]
96
101
106
111
116
121
126
131
138
141
146
151
156
161
166

Hour ".\

/] 5
/ <
»




System bene

Hypothesis: ocean energy can provide additional benefits to low carbon energy systems due to offsetting of
resource with established renewable generation — such as wind and solar PV

GB load and generation comparison - first week of January 2015

1

09

wind
0B

0.7

0.6
05
0.4 L
0.3
0.2

0.1

b

wave

—

Power {normalised to peak)

load

11
16
21
26
31
36

41
46
51
56
61
66
71
76
g1
86
a1
96
101
106
111
116
121
128
131
136
141
148
151
156
161
166

Hour ".\




System benefits of marine energy

 Predictability
 Wave is more predictable than solar PV or wind 1), (21, 41
 Tidal stream — predictable resource for hundreds of years 1
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 Availability and persistence

« Wave and tidal stream consistently more available and
persistent than solar PV or wind 3
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» Resource offsetting
« Wave is temporally offset with wind gand solar

 Tidal stream is consistently available, even at times of low
wind or solar resource

 Offsetting results in reduced reserve and balancing
requirements (2], (3], [5]
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Key question: Can ocean energy make an effective contribution to European energy systems
and markets, with particular reference to where, what, when, how and at what price?

Spatial modelling:

250m RADMAPP model of north-west Europe
* Resource, demand, grid g‘jgr%g,ggﬁﬁg

*  Technical feasibility, cost of delivery, access to markets

Power systems modelling:

Country-scale studies (GB, IE, PT)

*  Hourly economic dispatch of net zero deployment up to 2050 ) vy o RI.

*  Marginal electricity prices, balancing costs, system security indices - Policy and Innovation Group SE
Microgrid studies (GB, PT)
* 100% renewable systems _))
\or

*  Supply-demand matching, storage requirements, system cost

BVOLVE




Country-scale modellin-

" PyPSA - Python for Power System Analysis

" Free, open source software

" Computes hourly optimal dispatch with | = - Transmission boundary
cost minimising objective function Model zone

" Hourly dispatch for one full year @ Prospective tidal site

" Hourly demand profile data and @ Prospective wave site

availability data for intermittent @ Prospective wave site

(CEFAS buoy)
renewables (2019 base year)

" Scenarios representing current and ¢ Scotwind sites

- . @ R3 offshore wind site
future British, Irish and Portuguese

‘ R4 offshore wind site

systems

Figure: EVOLVE GB model
zones and prospective
offshore renewable sites




Data — GB 2030 exam

Biomass 4.36 GW g9 3% 1% 3%
Other renewables Hydrogen
BECCS 2.40 GW 4% 0%
Nuclear 5.64 GW Fossil Fuel
16%
Hydrogen 0.39 GW
Onshore wind
Fossil Fuel 27.63 GW 15% '
Solar PV 39.70 GW
Offshore wind 47.33 GW
Onshore wind 26.33 GW
Other Solar PV
7. W
renewables e 22%
Storage 16.26 GW Offhore wind
Wave & Tidal 0GW 27%
Table: Installed capacities — FES Figure: EVOLVE GB model
2030 Leading the Way Scenario zones and prospective
offshore renewable sites 'S




GB 2030 M

GB 2030 scenario 1 (ho marine)
GB 2030 scenario 2 (15GW marine) L

mmm N

Average marginal £60/MWh £60/MWh

pl’iCE ’ 1’273 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
% renewable 61.0% 68.9% 10000 ‘
generation 50000
% fossil 39.0% 31.1% 40000
generation 20000
Carbon emissions 82.9 ktonnes  56.9 ktonnes 2. i
] ] o 10000
31% reduction in CO2 emissions
from including mc”«ine energy ’ 1*4' 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
R Wi -10000 \\
w &w E M Battery B Onshore Wind m Offshore Wind ® Wave
N B Tidal Stream Solar PV B Nuclear W Fossil Fuel



S1 (no marine), S2 (1GW marine - 0.4GW Wave + 0.6GW Tidal)

wewic st Is2|%change_

Average marginal price (E/MWh) 57.61 57.32 -0.51% = S2 (FES with 1GW marine) performs best
Total cost of dispatch (£bn) 24.03 23.94 -0.36% over all metrics — results are very close
% renewable generation 74.84% 75.17%  +0.44% = 3% lower carbon emissions, 0.5% lower
% fossil generation 25.16% 24.83% -1.30% dispatch cost for marine scenario
Carbon emissions (MtonCO2) 11.05 10.70 -3.12% = £85M & 340kionCO2 in savings
Price capture (E/MWh) |51 |s2 between scenarios
Tidal Stream n/a >4.87 " Marine energy able to capture higher
Wave _ n/a >7.97 market prices due to availability at
Offshore wind S times of low wind & solar resource
Onshore wind 33.59 33.21

42.27  41.95 V/\

- Solar PV



Dispatch cost (£bn)

Carbon emissions (MtCO2)
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Stakeholder engagement, focusing on:

" Modelling inputs and assumptions: Get Involved
o Wave and tidal array locations, installed capacities

o Other emerging tech — e.g. storage, hydrogen, carbon capture

https://evolveenergy.eu/

" Modelling scenarios and sensitivities:
o Key years to represent — e.g. 2030, 2050

o Scenarios — high renewable vs low renewable
o Sensitivities — marine installed capacities, fransmission transfer capacities, fuel & carbon prices

" Metrics
o Dispatch volumes & costs, curtailment volumes & costs, balancing costs
o Price volatility, price capture
o Carbon emissions, proportion renewable generation, proportion fossil fuel gen replaced
o System security metrics — load shedding, capacity credit

BVOLVE QAT TN
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https://evolveenergy.eu/

Summary:

" Wave and fidal generation can provide additional value to low carbon energy systems
due to offsetting with existing intermittent renewables

" The EVOLVE project is producing quantifiable results to show that marine energy:
o Reduces system dispatch costs

o Increases proportion of renewable dispatch
o Reduces system carbon emissions
o Captures higher market prices

" Future work will include modelling a number of scenarios for Brifish, Irish and Portuguese
systems — including net zero (2050) energy mixes

BRI Gocuotera @ Rl U ohs oRBITAL
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