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Objectives @

ENERGY

A To test the technical appropriateness and robustness of PRIMES
Reference Scenario results for the electricity sector.

A Identify concerns which accompany them, including :

Generation Adequacgnd reliability ofthe power system
Renewable curtailment
Hexibility of the power system to absorb variabienewables

i
i
i
U Congestioron interconnector lines
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Methodology @

ENERGY

A A softlinking methodology was employed to scrutinize specific
results from the electricity sector for a target year

+Deane, J.P., Chiodi, A., Gargiulo, M., O Gallachoir, B.P., 201thKsudtof a power systems model to an
energysystems model. Energy 42, 3&2. doi:10.1016/j.energy.2012.03.052

A Doneusing a dedicated power system model (PLEXOS

A Model simulates the operation of the EU power system at high
temporal and technicalesolutionfor a targetyear.
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The Software we use for electricity/gas: @
PLEXOS ENERGY

A Academic License

A Transparent and auditable

A Strong commercial user base

A Strong R&D focus from development team
A ProductionCost Simulation

A Electric andsas modelling

A Capacity Expansion Capability

A Market Analysis and MarkdDesign

A Transmission Analysis

A Stochasti€®Optimisation

A HydroGeneration Resourdglanagement

PLEXOS

Integrated Energy Model
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Multi-Model Approach - EU @

ENERGY

PLEXQOS Integrated Gas and Electricity msmfelinksto PRIMES Energy system
model or TIMES Integrated Energy System Model

Power System Model Provides:

-Detailed analysis of energy system model results using
soft-linking techniques

-High temporal resolution (15mifh hr)

-High technical detail, reserve modelling, hydro
modelling, multistage stochastic UC

-Ramping costs, flexibility metrics

EU 28 Model3,000 generators, 22 PHES Units, 53 IC
Lines

+ Deane, J.P., Chiodi, A., Gargiulo, M., O Gallachdir, B.P., 204iak#uftof
a power systems model to an energy systems model. Energy 423803
doi:10.1016/j.energy.2012.03.052
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Data Utilised @

ENERGY
PRIMES Results

A The PRIMES model is a modelling system that simulates a market equilibrium solution for energy
supplyand demand. The model is organized in-subdels (modules), each one representing the
behaviour of aspecific(or representative) agent, a demander and/or a supplier of energy.

A These include predicted installed generation capacities, Gross & Net Electrical Generation by plar
type and indicators for electricity generation among other results

Austria:Reference scenario

POWER GENERATION SECTOR - DETAILS
2030 2035 2040 2045 2050 '00-'10 '10-'20 °20-'30 30-'40 "40-'50

Het Installed Power Capacity (in MW,) 15729 16866 19497 20951 23378 24148 26360 27311 28379 285854 27824 2.2 1.8 1.2 0.7 -0.2
Nuclear energy o o o ] ] 1] 1] 1] o o o 0.0 0.0 0.0 0.0 0.0
Renewable energy 9585 103599 11867 12850 15106 16721 19177 19881 20931 21939 22304 22 24 24 09 0.6

Hydro (pumping excluded} 8503 9558 10773 11021 11205 11340 11681 11757 11525 11943 12275 1.3 0.4 0.4 02 0.3
Lakes 4950 4986 5958 5958 5958 5958 5858 5958 5958 5958 5958 1.8 0.0 0.0 0.0 0.0
Run of river 4513 4572 4815 5063 5246 5381 5703 5838 5967 5985 6316 07 0.9 0.8 0.5 0.6

Wind power T 2319 1014 1529 3114 4507 6051 5051 6873 6994 o4z 204 119 6.9 13 0.2
Wind on-shore o 819 1014 1529 3114 4507 6051 6051 6873 6994 04z 294 119 6.9 13 0.2
Wind off-shore o o o o o 0 0 0 o o o 0.0 0.0 0.0 0.0 0.0

Solar 5 22 &0 400 7a87 a74 1466 2014 2133 3002 28987 3z2.0 257 6.4 3.8 3.4

Other renewables (tidal etc.) o o o ] ] 1] 1] 1] o o o 0.0 0.0 0.0 0.0 0.0

Thermal power 5144 6487 7630 2001 8272 7428 7182 7450 T447 6914 5520 22 0.8 -1.4 0.4 -3.0

Solids fired 1713 1589 1380 1360 1352 313 305 305 68 68 68 -2.1 -2 138 138 0.0

Qil fired ] T23 439 413 411 207 123 132 122 117 137 -4.7 -7 -11.4 -0.1 1.2

Gas fired 3221 3570 5043 5232 5390 57856 5624 5925 5041 5455 3854 46 0.7 0.4 07 -4.4
Natural gas 2628 2840 4533 4725 4878 5499 5438 5761 5909 5363 3759 56 0.7 1.1 08 -4.4

Derived gasses 592 630 515 507 514 287 188 168 132 95 95 -1.4 0.0 856 -35 -3.2



Data Utilised @

ENERGY

Wind Generation Data (Hourly)

Based on NASA MERRA Data

Developed Wind Profiles in countries in line with capacity factors outlined in PRIMES
Wind profiles based on local condition in all countries

Created Normalised generation profiles in line with PRIMES generatpatities

Based on multi turbine generation curve

To o T To Io

Solar Generation Data (Hourly)

A Calculated using PV Watts online package developed by NREL
A Solar profiles based on local solar irradiation data for all countries
A Normalised Profiles created for PLEXOS model
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Data Utilised @

ENERGY

Electrical Demand Data (Hourly)
A Sourced for individual countries from ENTBO

Levels of interconnection
A The level of interconnection between member states are considered.
A Present Day figures interconnection data sourced from ENT'SO

A 2030 Interconnection levels determined from ENTBSTen Year Network
Development Program

DNVIRONENTAL RESEARON NSTITVUTE



Structure of Model In Excel

1 Automaticallyadjusts to changes in PRIMES 2030 Capacity
& Generation figures

Reference data sheet for power plant data (heat rate, start
up cost maintenanceate, fuel price etc.) common for all
EU28

1 Workbookscan beeasily created/editecandlinkedto
external datasources

1 Transparent method for large model building for Non
PLEXOS users

@
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Results Lossof Load Probability

ENERGY
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2030-Hours of Congestion on IC Lines

ENERGY
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2030 Curtailment (%) Ref Scenario
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ENERGY
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Total Generation Costs

ENERGY

Total Generation Cost
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2030c¢ Prices

ENERGY
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Conclusions .

ENERGY

A Soft Linking methodology provides a firm test of the
appropriateness of PRIMES 2(RB€sults

A Preliminary results from thisiodel indicate:

I Potential overestimatiorof flexibility ofwind generation in PRIMES
Ref Scenario

T The need for increasdadterconnection between member states
Future work:

I IncorporateCHP in model, Include Switzerland and Norway in model
and improve renewable energy profiles
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