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Summary 

At this first Modellers’ Exchange Workshop, 32 experts from research institutes, grid operators, 
NGOs, energy suppliers, consultancies and think tanks compared modelling of power-to-x 
technologies. While the ENTSOs’ modelling approach represents a first comprehensive step for 
integrating power-to-x, the modelling of the German grid development plan (presented by 50Hertz) 
does already take the second step towards a detailed economic optimisation of power-to-x assets 
under market conditions. Interlinkages of gas and electricity networks were identified as key 
challenges when it comes to an efficient infrastructure planning. Identifying synergies presupposes a 
robust understanding of the different electricity and gas demands in different sectors. The METIS 
model developed by Artelys on behalf of the European Commission was welcomed for allowing 
transparent co-optimisation of different infrastructure and flexibility solutions. 

Presentations and discussions revealed that benefits of power-to-x technologies in view of a stable 
net-zero emission energy system depend on the geographical location and on the short term, weekly 
or seasonal character of flexibility offered by power-to-x. Participants confirmed their strong interest 
to continue active exchange and support ENTSOs’ efforts to further improve their modelling 
architecture. 

Detailed minutes 

10:00 Welcome 

Roland Jöbstl (EEB) welcomed the participants and gave an introduction into the programme of the 
workshop. He explained the collaboration of the project partners with European grid operators in the 
field of scenario building. 

The Modellers’ Exchange Workshop was put into the broader context of this collaboration to 
improve implementation of the Paris Agreement. Through building an increased understanding of 
different models and gathering expertise, the Modeller’s Exchange Workshop is meant to discuss 
how modelling can be made “fit for the future”, by discussing existing approaches to map the more 
complex interrelations of an integrated energy system. It thereby informs the other activities of the 
collaboration, such as scrutinising assumptions of the Ten Years Network Development Plan (TYNDP) 
and the series of storyline workshops which are meant to develop a new storyline that inspires future 
scenario development. 

> Presentation RGI First modellers’ exchange workshop 

A generic definition of power-to-x the was introduced with a slide that differentiated potential uses 
of electricity under this overarching term, such as power-to-gas, power-to-liquids, power-to-heat and 
power-to-chemicals with their distinct conversion technologies. 

Preparatory questions 
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In order to get an overview of participants’ interests and expectations, a slide presented participants’ 
answers to the three preparatory questions that were sent to them before the workshop.  

1. When asked about the most important topics that needed to be discussed in modelling 
power-to-x, many participants had mentioned the potential of the different uses of 
electricity for conversion to gas, liquids and heat. Economic viability and market conditions 
also ranked high amongst participants’ reactions. Several participants had expressed their 
interest in better understanding decisive elements for the use of distinct technologies, e.g. 
whether to feed electricity into a certain grid level or to store it with the help of a certain 
storage technology. 

2. Regarding the previous experience of participants in the field of power-to-x modelling, many 
participants indicated a broad range of research activities, covering power-to-gas potentials, 
cost analysis, hydrogen demand, long-term power system planning and optimisation as well 
as questions related to renewables’ grid integration and flexibility. 

3. On the question about the share of power-to-x in final energy demand in 2030 and in 2050, 
answers indicated a range between 1% to 10% in 2030 and 10% to 40% in 2050. Several 
participants however flagged up that the missing definition of power-to-x in this question 
might have caused different interpretations. 

Answers were presented in a non-hierarchical order, summarising roughly a dozen replies from 
participants. Those participants who had not yet reacted to the three preparatory questions were 
invited to write down their contribution on three flipcharts in the room. In addition, participants 
were asked to complete the printed questionnaire that had been distributed on participants’ tables, 
suggesting potential topics for further discussion at the occasion of the next Modellers’ Workshops 
(see separate evaluation of the questionnaires). 

10:25 Tour de table 

All participants briefly presented themselves and their main activities in the field of modelling and in 
particular with regard to power-to-x. 

10:35 Introduction to power-to-x in modelling 

Jonathan Bonadio (EEB) explained that the task of the session about power-to-x was to provide for a 
clearer definition in order to support the long-term approach of the project with a perspective to 
work on scenario building during the following 1.5 years. The two following presentations were 
planned to provide for a comparison between different ways on how to integrate power-to-x into 
modelling.  

Presentation 1: ENTSOs’ power-to-gas modelling 

> Presentation ENTSO-E/ENTSOG power-to-gas modelling 

In his presentation on how European networks of transmission system operators (ENTSOs) tackle the 
challenge of integrating power-to-x into their modelling, Dante Powell (ENTSO-E) first laid out 
ENTSOs views on power-to-gas. It is considered as “a good solution for storing curtailed energy, 
especially wind”. Beyond its role as a flexibility solution, power-to-gas plays a more prominent role in 
the ENTSOs’ Paris-compatible scenarios in view of meeting demand in industry and transport. 

Dante Powell then explained the three steps of the TYNDP modelling that allow to estimate the 
future demand and allocation of power-to-gas: 

1. Defining the final energy demand 



3 
 

The TYNDP modelling starts with a quantification of the primary energy demand, based on 2015 
Eurostat figures. Assumptions on energy demand by 2050 take into account input from national TSOs 
as boundary conditions. Exogenous technology inputs with assumptions and conversion factors for 
each sector of energy consumption (residential, tertiary, industrial, transport) then allow to forecast 
future final energy demand. The ENTSOs’ modellers run an adjustment to optimise national inputs in 
view of reaching the EU 2030 targets. 

2. Defining the carbon budget 

Secondly, an EU-wide carbon budget of 68.5 GtCO2 for the period from 2018 to 2050 is defined, 
taking over the decarbonisation path from the 1.5 TECH scenario of the European Commission’s 
Long-term strategic vision for climate neutrality by 2050. For the purpose of translating this 
decarbonisation path into the ENTSOs’ modelling, the final energy demand is optimised by the 
modellers in order to reach a level of emissions in 2050 that would be in line with achieving net-zero 
emissions. 

3. Defining the gas supply mix 

With the third and last step, the gas supply mix is deducted, including the demand for power-to-gas 
(hydrogen and synthetic methane produced with renewable electricity). The TYNDP storyline 
imposes a reduction of fossil gas import dependency. The remaining domestic gas demand in parallel 
needs to comply with the decarbonisation target (20% in 2030, 80% in 2040) which leads to a 
limitation of the domestic fossil gas supply. No fossil gas would be left in the gas mix in 2050 while 
so-called “blue gas” (hydrogen produced falling back on steam methane reforming and carbon 
capture and sequestration) however could make part of the gas mix. The biomethane input stems 
from the biomethane tool that was developed by ENTSOG, based on potentials from Navigant’s Gas 
for climate study. 

Once the European-wide demand for power-to-gas is deducted, a distribution key applies in order to 
allocate power-to-gas production to the national level. This tool takes into account gas demand of 
single countries as well as best locations for solar and wind power installations.  

Q&A 

Several participants asked for more explanations on the assumptions of ENTSOs’ modelling. Some of 
them also questioned the optimisation processes. 

Responding to a question from a participant, Dante Powell explained that the ENTSOs currently do 
not yet run any system optimisation for additional installations of renewable capacities to avoid grid 
congestion. Interaction between the gas and electricity infrastructure however is currently 
researched with the Interlinked model for the TYNDP 2020. 

Another question dealt with the integration of a specific storage demand in modelling power-to-gas 
demand. According to Dante Powell, the costs of electrolysers are optimised with an hourly time 
series. On this base, the use of power-to-gas would be defined so that the cost optimum in 
comparison with the use of renewable capacities and batteries would be reached. 

On the assumptions for energy efficiency, the modelling can integrate variations, depending on the 
insulation of houses and electrification that stem from the national TSOs. 

Regarding a potential interaction between power-to-gas demand, production and gas grid 
infrastructure, Martin Graversgaard Nielsen (ENTSOG) explained that the modelling assumes a part 
of power-to-gas would not be fed into the gas grid while biomethane always would be fully fed into 
the gas grid. 
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Another participant wanted to know whether the modellers had looked at the effects of using multi-
fuel blends because the gas grid could only take up a certain percentage. He also wondered to what 
extent the costs of retrofitting the existing gas infrastructure had been considered to decarbonise gas 
even quicker. Dante Powell (ENTSO-E) and Martin Graversgaard Nielsen (ENTSOG) both said they had 
not yet looked into these aspects but were willing to integrate them into future scenarios. 

11:30 Presentation 2: Power-to-x in the modelling of the German grid development plan (NEP) 

> Presentation 50Hertz 

Paul Nahmmacher (50Hertz) first introduced possible benefits of power-to-x, such as the potential to 
decarbonise the gas sector, integrate renewables, provide for a long-term electricity storage and to 
reduce the electricity transmission need. 

While a study commissioned by German gas TSOs in 2017 projected high installed capacities of 
electrolysers, the German grid development plan of the German electricity TSOs considers only 1 to 3 
GW by 2030, less than half of the capacity expected by gas TSOs. 

Modelling of power-to-x in the German grid development plan 2019 covers power-to-x capacities 
generally as an additional load that is activated below a given electricity price to operate the 
following conversions: 

- Power-to-gas 
o Power-to-methane is only used in the market model when the electricity price is very low, 

resulting in about 1,000 full load hours (FLH) of electrolysers per year 
o Power-to-hydrogen is used in times of high renewable electricity generation to decarbonise 

industrial hydrogen demand with about 3,500 FLH 
- Power to heat 

o Electric heating (not heat pumps) is used in times of heat demand and low electricity prices 
instead of combined heat and power (CHP) units or gas boilers with about 1,000 FLH.  

o Heat pumps on household level are modelled separately, independent of the electricity 
price. 

In order to better forecast impacts on the electricity transmission system, the German grid 
development plan assesses the potential local distribution of different power-to-x technologies 
across the country. Power-to-gas installations thus would be located mainly close to existing biogas 
production units as potential sources of CO2 from biogas upgrading, needed for generation of 
synthetic methane (CH4). Power-to-hydrogen installations in contrast would be mainly run near the 
demand centres of the chemical industry. Power-to-heat finally would be concentrated in areas with 
existing district heating networks. For all power-to-x technologies, it is assumed that more capacity is 
built in the north of Germany, close to the renewable electricity generation capacities. 50Hertz 
assumes that the capacities are already built and does not implement any CAPEX analysis. FLH are 
defined endogenously. 

The operation of power-to-x capacities in the market model of the German Grid Development Plan 
depends on the electricity price which shows a significant negative correlation with the wind power 
generation. Power-to-x is used when electricity prices are low and wind infeed is high. Therefore, 
power-to-x operation typically does not stress the transmission grid, when situated close to the 
renewable generation centres. However, it is not directly linked to the wind power generation and 
thus there are also hours with high wind power generation and only little power-to-x use, leading to 
higher north-south-flows in the German transmission grid.  
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Q&A 

The questions turned around the correlation of power-to-x operation, low electricity prices and high 
renewable infeed. One participant wondered to what extent the integration of relevant quantities of 
flexible electric vehicles into the market model would change the conditions for the use of power-to-
x capacities. Paul Nahmmacher (50Hertz) responded that he would expect correlations to remain 
probably the same.  

Another participant asked if additional capacities for North-South electricity transmission in Germany 
would influence the result. Paul Nahmmacher explained that only power-to-x capacities added close 
to renewable generation sites would bear the potential to prevent grid congestion. Benefits of 
power-to-x according to him depend mainly on where the power-to-x installation is located. In the 
discussion, another participant highlighted that one should not search for doing either grid expansion 
or power-to-x but rather look on what happens when we need to do both at the same time in order 
to reach decarbonisation by 2050 latest. 

12:00 Discussion of both presentations 

Paul Nahmmacher stressed that the presented modelling of the Grid Development Plan assesses the 
behaviour of exogenously given power-to-x capacities while ENTSO-E’s modelling is more focussed 
on long-term scenario development with endogenous capacities. According to Dante Powell, the 
ENTSOs implemented an economic optimisation of power-to-gas capacities without analysing 
impacts of market price signals. 

Regarding the interlinkage of both modelling approaches with gas infrastructure, both Paul 
Nahmmacher and Dante Powell underlined that they run an electricity focussed model without 
considering transmission constraints in the gas sector. No direct optimisation between gas and 
electricity infrastructure is implemented, as Martin Graversgaard Nielsen (ENTSOG) confirmed. Some 
participants encouraged ENTSOs to investigate the link between power-to-x operation and avoiding 
curtailment of renewable capacities.  

Given the different uses of hydrogen and synthetic methane, another participant suggested to define 
a distinct hydrogen demand separately in ENTSOs’ modelling, following the load-driven hydrogen 
modelling applied in the German Grid Development Plan. Without a clear understanding of the 
different gases, the assessment of impacts on infrastructure would be blurred. It would not be 
appropriate to assume that hydrogen and synthetic methane always needed to be fed into a gas grid. 

Participants questioned a market-driven uptake of power-to-gas as well as the distribution key for 
power-to-gas demand being described as too simple because of ignoring political decisions of 
national governments with regard to these technologies. Criticising a “partial optimisation” in 
ENTSOs’ modelling, one participant asked if a pure top-down modelling that disregarded national 
policies and that looked only on optimal system integration would lead to totally different results.  

Several participants encouraged the ENTSOs’ modellers to make use of open source approaches in 
their modelling. According to one participant, open source integration could help to check the 
robustness of assumptions which would become even more important when a model like in the case 
of the ENTSOs’ TYNDP has a few key assumptions that could make a very huge difference. 

13:30 Power-to-x modelling in METIS 

> Presentation Artelys 

Christopher Andrey and Tobias Bossmann (Artelys) introduced the METIS project which aims at 
providing stronger analytical capabilities to the European Commission to run European-wide energy 
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system assessments. By responding to a 2015 tender, the METIS project consortium (Artelys, IAEW, 
Congas, Frontier Economics) by 2018 developed a simulation tool that now serves as a platform for 
coordination of cross-sector analysis.  

While the current METIS model covers countries as single nodes in energy infrastructure, the ongoing 
METIS 2 project, which is also led by Artelys, will integrate by 2021 a more detailed model of all grid 
levels to enable an assessment of local flexibility solutions.  

The METIS model can:  

- optimise dispatch and capacity planning using an hourly time resolution, including power 
generation and storage as well as demand-side response assets (e.g. industrial load shedding, 
electric vehicles, etc.); 

- evaluate security of supply and run system adequacy assessments; 
- perform a cost-benefit analysis comparing interconnectors, storage, demand response and 

generation units; 
- assess the impact of high shares of renewable power generation on systems and prices. 

The METIS model is capable to mutually optimise the use of gas and electricity networks including 
electricity and gas storage assets, gas-to-power assets (OCGTs, CCGTs, etc.), hybrid consumption 
technologies (e.g. hybrid heat pumps) and power-to-gas. The model can assume that certain 
consumers are flexible (e.g. heat pumps, electric heating of sanitary water and industry) by making 
use of different demand profiles and assumptions on their flexibility (which is then optimised 
endogenously). This holistic approach allows also to calculate the profitability of all technologies, 
including power-to-x assets and the specific need for grid reinforcement.  

The role and potential of power-to-x in 2050 is covered in a dedicated METIS project study (METIS 
S11, which will be updated during the METIS 2 project). Artelys followed the objective of analysing 
competition between different technologies delivering flexibility (e.g. curtailment of renewable 
capacities, power-to-x technologies, demand response, interconnectors, storage and flexible power 
plants). One of the key insights of the presentation is that at the 2050 horizon, in the net-zero 
emissions scenario simulated with the METIS model, only 3% of the annual total power generation is 
covered by gas-to-power units (CCGTs, OCGTs), but that their capacity is required in order to ensure 
demand can be met at all times including during periods of low wind availability and high demand 
levels. 

Q&A 

Questions from participants touched upon input parameters such as climate years and on 
methodological aspects such as stochastic research and the options that can be chosen for running 
optimisations. In the METIS 2 project, Artelys will take many input figures from the European 
Commission’ for the year 2050 from the European Commission’s Long-term strategic vision for 
climate neutrality, and re-optimise investments in some of the sectors. 

Participants encouraged Artelys disclose the amount of curtailed renewable electricity that is 
assumed in the different scenarios. Christopher Andrey (Artelys) pinpointed the chronological 
dimension of flexibility. With the help of load curves showing examples of future national energy 
mixes, he illustrated the different daily, weekly and annual flexibility needs. Power-to-gas can 
provide additional system flexibility at all time scales, but particularly on the annual or seasonal level. 

                                                             
1 https://ec.europa.eu/energy/en/studies/optimal-flexibility-portfolios-high-res-2050-scenario 
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The key observation of the METIS studies is that despite the fact that gas will only marginally 
contribute to the electricity generation mix, the need for gas infrastructure remains high.  

Two participants asked if a carbon budget or carbon shadow price was included. According to 
Christopher Andrey, Artelys Crystal Super Grid (which is the platform onto which METIS is built) can 
handle a carbon budget approach but METIS has by now worked with a carbon price approach. 

On the question what were the key insights that Artelys would not have gotten if they did not run full 
sector coupling modelling, Christopher Andrey indicated the benefit of hybrid heat pumps, the 
interplay of power, gas and heat, that showed need for additional infrastructure and electricity 
generation depend a lot on the hybridisation of end-uses (e.g. hybrid heat pumps using gas for back-
up can allow to avoid investments in electricity generation capacity). Tobias Bossmann highlighted 
that the conversion chain of gas had to be considered. Revenues of market actors in a fully 
decarbonised market would evolve differently from expected while risk-hedging for electrolysers 
became more important. 

15:05 Introduction of ENTSOs’ new data platform 

> Presentation ENTSO-E 

Colin Braderick (ENTSO-E) gave an introduction to the forthcoming Scenario Data platform. Launch is 
planned for end of September 2019. The platform will integrate data from the gas TYNDP and offers 

- a choice of storylines with time steps 2021, 2025, 2030, 2040 and 2050 
- maps with pie charts differentiating each countries’ details 
- demand profiles for each scenario  
- energy flow charts 

The features of the data platform were appreciated and praised by several participants. On the 
request to have downloadable data, Dante Powell (ENTSO-E) pointed out that data concerning 
capacities, generation and demand were already downloadable while sensitivities with regard to data 
ownership still restricted open access to certain figures. Against this backdrop, ENTSO-E was asked by 
one participant to put an open access licence on the data offered for free download. Another 
participant suggested to improve comparability of the storylines in the data platform. 

Dante Powell welcomed the proposal to publish load profiles and the number of batteries in relation 
to the uptake of solar pv capacities as a good idea. Regarding the different storage technologies 
integrated in TYNDP 2020 modelling, he explained that pumped hydropower storage, batteries and 
power-to-gas were the only storage technologies considered. 

+ + + ENDS + + + 


