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NEW PROJECT
Trends: Decarbonization, decentralized generation and new players, digital revolution 
[bookmark: _GoBack]Consequences: Digital tools and data use, aging of the infrastructure, interface with new players 
Challenge: 4. Optimize the development, the construction and maximize the use of new and existing infrastructure 
Domain: 4.3 Advanced material and connected technology to maximize use for infrastructure. 
 
Project-specific context 
The transition to a “Carbon neutral Europe in 2050”[footnoteRef:2] imposes profound changes in all energy system components: deeper electrification and digitalization, integration of offshore wind farms, and more generally further renewable energy integration, emergence of a hydrogen economy including additional flexibility means, climatic resilience, societal impact, while ensuring energy affordability and security of supply for the citizens.  [2:  IPCC. Global warming of 1.5◦C. 2018, URL https://www.ipcc.ch/sr15/.] 

Europe has set forth the ambition to be the world leader in renewable energy as is clear from the European Green Deal. In particular, for offshore wind the aim is to develop its potential in Europe to reach 300-450 GW capacity by 2050[footnoteRef:3]. Over the same time horizon, onshore wind and solar will also continue to evolve. In combination with an expected increased stress due to climate change, the energy system and its operations become more weather dependent and relying on decentralised renewable energy resources (RES). To reach the targets set forth in the European Green Deal, Europe must integrate the renewable energy to be utilised across sectors and vectors. While electrification will assist in decarbonising sectors such as transport, heating and industry, converting to other energy carriers such as gases and heat will make it possible to store the energy across different vectors to provide energy and flexibility for all sectors in a reliable and cost-effective manner. Furthermore, indirect electrification e.g., through conversion to hydrogen and Power-to-X fuels or biogas will ensure decarbonisation of the hard to abate sectors including long-haul heavy transport.  [3: 1 Offshore wind energy in Europe, briefing, 2020, European Parliament ; Boosting Offshore Renewable Energy for a Climate Neutral Europe, Press release 2020] 

The key to zero emissions across all energy sectors in 2050 lays in the reduction of the final energy consumption while increasing the share of electricity in energy system, as most of the renewable energy sources, mainly photovoltaic and wind, are transformed into electricity[footnoteRef:4]. As their infeed is highly fluctuating, an interlinked energy system will help to decarbonize the energy usage in many sectors by storing energy and increasing flexibility. Hence, the individual sectors should no longer be considered on their own but rather together in an integrated manner. In consequence, expansions of energy infrastructures need to be planned on an integrated level, enhancing their overall value across the interlinked sectors. Conversion of existing infrastructures (e.g., for the gas sector conversion of methane pipelines into H2/CO2 pipelines or the adaptation of capacities to biomethane, H2 and CO2 injection) widen the spectrum of capacity expansion. [4:  See for instance Elia Group publication "Roadmap to Net Zero” for building a climate-neutral EU energy system by 2050] 

Project-specific state-of-the-art/literature review
Current practices face various limitations resulting from the tools supporting the complex system analysis. The performed analyses are:
(a) often sector-specific and centered on the electricity or gas sector alone, and few interactions between them or with other sectors are modelled - which does not allow a correct representation of other energy vectors with a sufficient level of detail. The proposed network expansion projects are assessed likely individually, with little global expansion optimization and with little quantification of the impacts that some projects can have on each other, especially considering cross-sector synergies/competitions 
(b) due to the size of the pan-European system to be studied, the models are spatially aggregated at NUTS0 (Nomenclature of territorial units for statistics) level for pan-EU studies, or at best at NUTS1 level for national/cross border studies, which does not allow to assess grid security at a nodal level 
(c) they do not reflect the real needs of flexibility in the energy mix and in defining future scenario objectives (e.g. investment cost vs. CO2 reduction) which is becoming problematic as multi-sector integration is required to achieve high efficiency and low costs of the green transition 
(d) they often do not accurately reflect the impact of short term and long-term uncertainties in energy production and consumption modelling, uncertainty level expected to grow with future energy mixes with a high share of RES 
(e) some of them are not open-source with possibly a lack of transparency 
(f) they offer a limited representation of climate change at different time scales.

Expected impact for Belgium
 By combining a multi energy vector modelling and an ‘operation aware’ planning, the platform will enable decision makers to select infrastructure plans that minimise investments and operation costs for European energy systems (avoiding overlaps between potentially competing energy infrastructures), while meeting the demand and complying with political targets in terms of social and environmental benefits. This will provide direct benefits for all European consumers.
Unfortunately, it is impossible for Elia at this stage to assess the quantitative benefits to be expected from a project that is in a very early stage of its development.

Starting point for Elia
A variety of open-source applications exist with different focuses and strengths. Therefore, it is rational to build on existing tools and combine their capabilities. To compile a well-suited combination of open-source simulators, an extensive review has been performed on existing open-source tools, to gather information such as typical use cases and goals, covered energy vectors, spatial and temporal scope, programming language.
The review of open-source tools performed, studied the coverage of the component models required and selected a number of simulation tools. All the simulators considered are developed by partners of the EPITOMES project, which ensure that potential additional developments can easily be performed without depending on external parties. 
ELIA is Advanced User of one of the main tools considered – the ANTARES software 
	Tool
	Panda-power
	Panda-pipes
	Balmorel
	openTEPES
	Antares

	Partner
	Fraunhofer IIE
	Fraunhofer IIE
	DTU
	Comillas
	RTE
ELIA 
(Advanced User)



Uncertainties & risks
The EPITOMES proposal has been submitted in response to the HORIZON-CL5-2022-D3-01 call. The call was closed on 26/04/2022.
The EPITOMES proposal is thus currently under revision and evaluation within the HORIZON process. Therefore, there is a risk that the proposal will not be granted and hence the EPITOMES project will not occur.  
Within the foreseen EPITOMES project, the following risks are identified:

	Description of risk 
	Proposed risk-mitigation measures

	Difficulty to retrieve necessary data and have necessary models on time for making simulations in the UCs
	Consortium members have been identified as data providers responsible to mitigate this risk (e.g., TSOs, ENTSOE). Another measure is the potential use generic data (open-source or from previous R&D projects). Last, other “back-up” solutions will be explored such as modelling simplification.

	Difficulty to assess the consistency of UCs results according to the validation protocol. 

	UCs results will be sanity checked with regards to similar studies or similar use cases. AUB members will be consulted for a critical review on the validation cases. Sensitivity analysis on the results in WP2 will enable multiple interpretation perspectives.

	Large revisions of the design are required based on the implementation

	A close monitoring of the implementation tasks in WP4 and WP5 is foreseen to prepare treatment in T3.5.

	Reusing existing tools and integrating them in the expansion planning tool leads to low computational performance.  No convergence among the results produced by the several tools in the suite 

	The proxy generation based on smart linking is scheduled to carry out efficient calculations on coupling in WP5 and will address the computational tractability constraint. In addition, a parallel development of the system simulation tool and the expansion planning tool aim avoiding undesired coupling behaviour with the support of Offis expertise.

	The expansion planning models eventually available do not cover the full scope of the Energy System with a sufficient level of detail

	The scope of the expansion planning module will be adjusted after the review of the open expansion planning models available. The full energy system will always be covered at least at a high aggregation level (since model covering it are openly available) which limits the non- coverage (in detail) to limited specific energy vectors/activities

	Unexpected complexity in the connexion of the modelling developments within a planning tool.
	
	Such difficulty being related to the ability to modify the design and code of this tool is control by the fact that the needed modelling developments on the tools will be performed by the EPITOMES partners who are already developers of these tools.

	Models from WP4 or proxies from WP5 only available for coupling at a later stage or their interfaces change significantly over time.
	
	The development of the coupling can start with intermediate, unfinished results from WP4 and WP5 and is adapted to the finished models once available. It can be adjusted accordingly in an agile manner. In case of technical infeasibility, simpler forms of the coupling will be implemented.





Project description
An open-source energy modelling & planning (E-MoP) platform[footnoteRef:5] will be developed in EPITOMES. The platform is a common interface for developers and applications to perform such studies in energy modelling, simulation or planning tasks for a specific system with a specific objective[footnoteRef:6]. An application refers to a program that allows users to design and perform specific studies within a predefined scope, while application suite refers to the collection of applications developed in EPITOMES and supporting specific workflows. [5:  specific EPITOMES words are highlighted in italic bold.]  [6:  e.g.,  optimising infrastructure expansion of the European large-scale energy system for the given policy and carbon emission reduction targets while minimizing CAPEX & OPEX and taking into account reliability and resilience.] 

EPITOMES overarching goal: 
To develop, test and demonstrate a fundamentally new fully open-source platform to model, optimise and better plan the future MES and relying, as much as possible, on existing tools and models
❶   A modelling and implementation framework enabling to perform MES simulations with standardized component models
❷   A platform to simulate present and future MES and plan their capacity expansions in the perspective of a carbon-neutral and energy independent Europe 2050
❸   An ecosystem of users and developers relying on Open Source communities and promoting associations (CRESYM, LFE,…) to ensure the long-term adoption and development


EPITOMES operational objectives: O2 to O7 (O1 is just presented in the end)
 
	O2
	Collect a variety of end-user needs, translate them into functional specifications and validate the corresponding functions of EPITOMES application suite through two complementary concrete use cases

	O3 
	Design an open and modular framework for modelling, optimisation and co-planning of energy systems, able to consider operational constraints and risk management

	O4
	Consolidate a process chain for cross-energy vector system modelling and operational simulations by reusing existing models and developing new ones 

	O5
	Develop and test smart links between electricity, gas and heat expansion planning tools and with operation models to enable cross-energy vector system planning and optimisation, while considering the proper granularity

	O6
	Integrate the energy system modelling (O4) and planning (05) applications into a user-friendly platform and user interface for developers and targeted user groups

	O7 
	Raise interest and feedback of the future users & developers of the platform towards its wide adoption and further development

	O1
	Ensure proper project coordination of EPITOMES action to ensure delivery within time, budget and quality

	



Work Packages
[image: ]
Elia will contribute to the following Work Packages 
(M = Project Month ; M1 is assumed to be January 2023, should the project be approved by the EC)
· WP1 Project coordination and management (0,5 Person Month)
· WP2 Task 2.1: Collection of needs based on surveys and interviews (Lead: DOW, participants: ALL; AUB) [M1-M4] (1,0 Person Month)
· WP2 Task 2.3: Definition, implementation and validation of a macro-region use case (Lead UC1: RTE, participants: TUD, IEE, UoK, COM, WEMC, DTU, GRT, ELIA, AIRL; AUB) [M13 -M36] (2,0 Person Month)
· WP4 Task 4.5: Unit Testing (Lead: IEE, participants: RTE, UoK, COM, DTU, OFF, GRT, ELIA) [M16-M28] (1,0 Person Month)
· WP5 Task 5.1: Definition of the framework for the use of each expansion planning simulator (Lead: COM, participants: RTE, TUD, IEE, UoK, OFF, DTU, WEMC, GRT, ELIA) [M6-M11]  (1,0 Person Month)
· WP7 Task 7.2 Facilitate an OS modelling community including both academics and private companies (Lead: RTE, participants: ALL) [M7-M36] (0,5 Person Month)

Project Deliverables where Elia is involved
(M = Project Month ; M1 is assumed to be January 2023, should the project be approved by the EC)
Elia will contribute to the following Deliverables:
D1.1 EPITOMES management plan [M2].
D2.1: Synthesis of current practices and needs for modelling, optimisation and planning [M4]. 
D2.3: Definition of the macro-region and the industrial cluster use cases [M25]
D4.2: Dispatch simulation [M28].
D5.4: Validation of the links among expansion planning simulators via Test Cases [M27]. 
D7.2: Conclusions and recommendations regarding the EMP-E platform and conference [M18]
D7.4: Roadmap for the further development and take-up of the EPITOMES toolbox [M36]



Partners

	Participant No.[footnoteRef:7]  [7:  Participant numbering and name are consistent with what is used in the administrative proposal forms] 

	Participant organisation name 
	Country

	1 (Coordinator)
	Réseau de Transport d’Electricité (RTE)
	France

	2
	Delft University of Technology (TUD)
	Netherlands

	3
	Fraunhofer Institut (IEE)
	Germany

	4
	University of Kassel (UoK)
	Germany

	5
	Universidad Pontificia Comillas (COM)
	Spain

	6
	Offis (OFF)
	Germany

	7
	Dowel Innovation (DOW)
	France

	8
	World Energy & Meteorology Council (WEMC)
	UK

	9
	Technical University of Denmark (DTU)
	Denmark

	10
	GRTgaz  (GRT)
	France

	11
	Elia Transmission Belgium (ELIA)
	Belgium

	12
	Air Liquide (AIRL)
	France



Summary of project efforts in person months: by work package and by year 
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WP3: Design of the Framework for Energy System Modelling,
Optimization and Planning

WP4: Developments for WP5: Developments for
system modelling and expansion planning in MES
operational simulations
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Actuals

2019 2020 2021 2022 2023Total

IT Cost (€) 0 0 0 0 0 0

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 0 0

Software/Licence 0 0 0 0 0 0

NON-IT Cost (€) 0 0 0 0 1.472 1.472

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 1.472 1.472

Total external costs 0 0 0 0 1.472 1.472

Internal resources (€) 0 0 0 0 31.050 31.050

TOTAL Costs+Internal resources(€) 0 0 0 0 32.522 32.522

Of which estimated OPEX 0 0 0 0 32.522 32.522

Total Incentive 0 0 0 0 16.261 16.261

Budget
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Project management and coordination 2019 2020 2021 2022 2023Total

IT Cost (€) 0 0 0 0 0 0

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 0 0

Software/Licence 0 0 0 0 0 0

NON-IT Cost (€) 0 0 0 0 368 368

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 368 368

Total external costs 0 0 0 0 368 368

Internal resources (€) 0 0 0 0 2.700 2.700

TOTAL Costs+Internal resources(€) 0 0 0 0 3.068 3.068

Total Incentive 0 0 0 0 1.534 1.534
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Needs, functional specifications and functional validation based on use-cases 2019 2020 2021 2022 2023Total

IT Cost (€) 0 0 0 0 0 0

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 0 0

Software/Licence 0 0 0 0 0 0

NON-IT Cost (€) 0 0 0 0 368 368

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 368 368

Total external costs 0 0 0 0 368 368

Internal resources (€) 0 0 0 0 13.500 13.500

TOTAL Costs+Internal resources(€) 0 0 0 0 13.868 13.868

Total Incentive 0 0 0 0 6.934 6.934
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Developments for expansion planning in MES 2019 2020 2021 2022 2023Total

IT Cost (€) 0 0 0 0 0 0

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 0 0

Software/Licence 0 0 0 0 0 0

NON-IT Cost (€) 0 0 0 0 368 368

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 368 368

Total external costs 0 0 0 0 368 368

Internal resources (€) 0 0 0 0 13.500 13.500

TOTAL Costs+Internal resources(€) 0 0 0 0 13.868 13.868

Total Incentive 0 0 0 0 6.934 6.934
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Dissemination & exploitation and O-S Community 2019 2020 2021 2022 2023Total

IT Cost (€) 0 0 0 0 0 0

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 0 0

Software/Licence 0 0 0 0 0 0

NON-IT Cost (€) 0 0 0 0 368 368

External resources - Bodyshopping 0 0 0 0 0 0

Material 0 0 0 0 0 0

External Services 0 0 0 0 368 368

Total external costs 0 0 0 0 368 368

Internal resources (€) 0 0 0 0 1.350 1.350

TOTAL Costs+Internal resources(€) 0 0 0 0 1.718 1.718

Total Incentive 0 0 0 0 859 859
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