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GB load and generation comparison - first week of January 2015

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

System benefits of marine energy



▪ Workshop aim: present initial modelling for Irish system to 
stakeholders and receive feedback on inputs, scenarios, metrics

▪ Agenda:

❑ Introductions

❑ EVOLVE project overview – Xabier Remirez

❑ Ireland spatial modelling – Xabier Remirez

❑ Ireland dispatch modelling – Yelena Vardanyan

❑ Feedback and discussion - all

Aims & Agenda
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Project overview

www.evolveenergy.eu

▪ Oceanera-net cofund joint call 2019

▪ 6 partners from 3 European countries

▪ 3 funding agencies involved

▪ 25 month project (January 2021 – January 2023)

▪ ≈1 M€ budget

▪ 7 work packages, 22 deliverables and 15 milestones



The EVOLVE Project

Key question: Can blue 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
• 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
• Marginal electricity prices, balancing costs, system security indices

• Microgrid studies (GB)

• 100% renewable systems
• Supply-demand matching, storage requirements, system cost



Spatial modelling



Spatial modelling

▪ Scoresheet (ranking system) ▪ RADMAPP results
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▪ PyPSA – Python for Power System Analysis

▪ Free, opensource software

▪ Computes hourly optimal dispatch with cost 

minimising objective function

▪ Irish power system modelled as one zone

▪ Hourly demand profile data and availability 

data for intermittent renewables (2019 base 

year & 2030 high renewable scenario)

EVOLVE country-Irish model



Data – Ireland 2019 & 2030 
Table 1: Installed capacities in All Ireland (in MW) for year 2019 and 2030 [1,2].

Technology Base Scenario

(Year 2019)

High renewable scenario 

(Year 2030)

Batteries 0 1100

Biomass & other RES 206 303

Coal 1331 0

Distillate Oil 711 272

Heavy Fuel Oil 590 0

Gas 4870 5204

Hydro 216 216

Pumped Hydro 292 292

Run of River Hydro 28 28

Peat 346 0

Solar 271 657

Wind 5596 10121

Wave & Tidal 0 0-4000

1. EirGrid Group All-Island Generation Capacity Statement 2020-2029
2. “Our Zero Mission Future,” Electricity Association of Ireland, 2019.



▪ Demand

❑ Historical demand data has been taken from EIRGRID GROUP website
[3] for both Northern Ireland and Ireland.

❑ Both EirGrid and SONI produce ‘Tomorrow’s Energy Scenarios’ with
projections for future electricity demand on the respective part of the
Irish Grid [4, 5].

Data – Ireland 2019 & 2030

3. “EIRGRID GROUP,” [Online]. Available: http://www.eirgridgroup.com/how-the-grid-works/renewables/.
4. EirGrid, “Tomorrow’s Energy Scenarios 2019 Ireland. Planning our Energy Future,” 2019.
5. SONI, “Tomorrow’s Energy Scenarios Northern Ireland 2020,” 2020.



Data – Ireland 2019 & 2030

Ref SONI TESNI 2020 [5] Eirgrid TES 2019 [4]

MP~DT
In Modest Progress the low carbon transition 
continues at a similar pace to the last decade. Modest 
Progress ultimately delivers Northern Ireland’s 
contribution to the prior UK target of an 80% 
reduction in emissions by 2050.

Delayed Transition is a world in which decarbonisation 
progress is made, but the pace is not sufficient to meet 
climate objectives.

ACC~CE Addressing Climate Change Northern Ireland meets 
its net zero targets for 2050 through a combination of 
high electrification and a significant increase in 
renewable generation capacity.

Centralised Energy is a plan-led world in which Ireland 
achieves a low carbon future.

AA~CA Accelerated Ambition anticipates a requirement to 
meet decarbonisation targets earlier than 2050.

Coordinated Action is a scenario where sustainability is 
a core part of decision making. Government and 
citizens recognise climate change as a risk and take 
appropriate action.

Table: Scenarios for future electricity demand in Ireland



▪ Fuel costs have mostly been sourced from the 

2020 BEIS Electricity Generation Costs Report [6]

▪ The wave power is generated by

❑ selecting appropriate sites based on water depth/distance

from shore and

❑ gathering historical resource data [7,8,9]

❑ applying CorPower power matrix to convert wave resource 

to wave power output.

Data – Ireland 2019 & 2030

6. “BEIS Electricity Generation Costs,” 2020. [Online]. Available: 
https://www.gov.uk/government/publications/beis-electricity-generation-costs-2020.
7. “Arctic Ocean Wave Hindcast,” no. https://doi.org/10.48670/moi-00008.
8. “EMODnet Bathymetry project,,” no. www.emodnet-bathymetry.eu. 
9. “Natural Earth,” no. naturalearthdata.com. 

https://www.gov.uk/government/publications/beis-electricity-generation-costs-2020
https://doi.org/10.48670/moi-00008


Renewable generation installed capacity
and hourly availability time series

Dispatchable generation capacity 
and operational constraints

Transmission 
constraints

Demand profiles &
flexibility constraints

Cost minimisation objective function

Calculations – Hourly economic dispatch

Outputs – compare scenarios with/without marine energy

Modelling constraints

• Supply-demand matching
• Linearised power flow
• Availability and operation 
• Flexibility and storage

Marginal prices Balancing costsDispatch and 
curtailment volumes

Security of supply indices

Could become more or 
less volatile

(dependent on market mechanism)

Expected to reduce
balancing costs

Expected to improve
LOLE/LOLP/CC

Expected to reduce 
curtailment volumes

Minimise costs of generation dispatch and load 
shedding over all 8760 hourly time periods



Ireland 2019-example days

Figure: Dispatched volumes for an example less windy day. Figure: Dispatched volumes for an example windy day.



▪ Economic dispatch:

Ireland 2019-model validation

Table: Summary of metrics to compare the model  output with the actual market 

values for 2019.

Metric Model Ireland 2019

Average electricity price (€/MWh) 51.6 50.2

% renewable generation 44% 38%

% fossil generation 56% 62%



Ireland 2019-modelled with two zones

Metric Model 2019

Average electricity
price (€/MWh)

51.6 50.2

% renewable
generation

45% 38%

% fossil generation 55% 62%

Table 13: Summary of metrics to compare the model 
output with the actual market values for 2019: Ireland 
simulated as two zone. Interconnector capacity 400 MW

Figure: Marginal prices for Northern Ireland and Republic of Ireland for 2019.

Figure: Negative net demand in Northern Ireland for 2019: two-zone case.



Ireland 2030 Modelling- full year

Metric S1: no marine S2:  2 GW marine

Total dispatched cost (€bn) 1.2 0.7

Average electricity price (€/MWh) 59.99 56.6

% Renewable generation 61% 86%

% Fossil generatin 39% 14%

Carbon emissions (MtonCO2) 6 3.3

Renewable curtailments (TWh) 0.5 3.4

S2 performs better over all

metrics 

▪ about 42% lower dispatch 

cost for marine scenario

▪ about 5.6% decrease in 

prices

▪ about 41% increase in RES 

generation

▪ 64% decrease in fossil 

generation

▪ 45% lower carbon 

emissions, 

Table : 2030 Results for no marine energy, 2 GW of marine energy
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2030 Modelling – full year

Dispatched cost Renewable generation 

Carbon emissions Average prices

50.8 % 
increase

59.5% 
reduction

7.57% 
reduction

51.67% 
reduction



Country-scale modelling – initial results
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Summary:

▪ It is postulated that wave and tidal 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:

❑ Reduces system dispatch costs

❑ Increases proportion of renewable dispatch

❑ Reduces system carbon emissions

▪ Future work will include modelling a number of scenarios for British, Irish and Portuguese 
systems – including net zero (2050) energy mixes

System benefits of marine energy

https://evolveenergy.eu/

https://evolveenergy.eu/


Separate workshops for GB, Ireland and Portugal

Workshop aims: present initial Irish system modelling to stakeholders and 

receive feedback on inputs, scenarios, metrics

Consultation on:

▪ Modelling inputs and assumptions

▪ Modelling scenarios and sensitivities

▪ Results and metrics

Stakeholder consultation



Stakeholder consultation, focusing on:

▪ Modelling inputs and assumptions:

❑ Wave and tidal array locations, installed capacities

❑ Other emerging tech – e.g. storage, hydrogen, carbon capture

▪ Modelling scenarios and sensitivities:
❑ Key years to represent – e.g. 2030, 2040, 2050

❑ Scenarios – high renewable vs low renewable

❑ Sensitivities – marine installed capacities, fuel & carbon prices

▪ Metrics

❑ Dispatch volumes & costs, curtailment volumes & costs, balancing costs

❑ Price volatility, price capture

❑ Carbon emissions, proportion renewable generation, proportion fossil fuel gen replaced

❑ System security metrics – load shedding, capacity credit

Stakeholder consultation



▪ Modelling inputs and assumptions:
❑ Wave and tidal array locations, installed capacities

❑ Other emerging tech – e.g. storage, hydrogen, carbon 
capture

Stakeholder consultation

Technology Marginal 
cost 2019 (€/

MWh)

Marginal 
cost 2030 (€/

MWh)

Reasoning/source

All renewable 0 0 Zero fuel costs

Gas 51.06 60.62 [9]

Nuclear 8.29 8.29 [9]

Biomass 41.47 41.47 [9]

Hydrogen 141 141 Assuming £4/kg, 33.6kWh/ kg

Energy From waste -139 -139 [9]

Coal 65.5 64.33 [9]

Oil 67.5 62.5 [9]

Hydro with reservoir 51 60 Opportunity cost

Table: Marginal costs assumed for each type of generation.



▪ Modelling scenarios and sensitivities:
❑ Key years to represent – e.g. 2030, 2040, 2050 ??

❑ Scenarios – high renewable vs low renewable

❑ Sensitivities – marine installed capacities, fuel & carbon prices

Stakeholder consultation



▪ Metrics
❑ Dispatch volumes & costs, curtailment volumes & costs, balancing costs

❑ Price volatility,

❑ Carbon emissions, proportion renewable generation, proportion fossil fuel gen replaced

❑ System security metrics – load shedding, capacity credit

Stakeholder consultation

Metric

Total dispatched cost (€bn)

Average electricity price (€/MWh)

% Renewable generation

% Fossil generation

Carbon emissions (MtonCO2)

Renewable curtailments (TWh)



Thanks for your participation!

Shona Pennock – shona.pennock@ed.ac.uk

Yelena Vardanyan - yelena.vardanyan@ri.se

Xabier Remirez - xabier.remirez@aquatera.co.uk

EVOLVE Stakeholder workshop for Ireland

https://evolveenergy.eu/

mailto:shona.pennock@ed.ac.uk
mailto:yelena.vardanyan@ri.se
mailto:Xabier.Remirez@aquatera.co.uk
https://evolveenergy.eu/

