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Relatore
Note di presentazione
Market Power in Power-to-gas? Preliminary Insights from the North-western European Electricity, Hydrogen, and Gas Markets-> dire que le titre initial c’était ça, mais que ça a un peu bougé



BACKGROUND
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Renewable-based hydrogen

1. Green H2 is projected to play a major role in the decarbonization of the economies

Indeed, when produced from renewable electricity, hydrogen can:

2. An emerging cornerstone of the European energy strategy (H2 is presented as a key priority)

Provide the flexibility needed 
for low-carbon power

systems

Replace fossil fuels and 
conventional “grey” hydrogen

Enhance energy security by 
lowering dependency on 

imported fossil fuels

The kick-start phase
Develop pilot projects and 

Hydrogen Valleys

The ramp-up phase
Create a supporting framework to 
facilitate the development of the 

hydrogen economy 

The market-growth phase
Obtain a market transparent and 

liquid

Sources: European Commission & Hydrogen Act (Hydrogen Europe)
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Produced from renewable electricity, low-carbon hydrogen could play a significant role in the energy sector’s decarbonization :



Power-to-Gas as a sector coupling technology:

 A recent – but growing – literature in engineering and/or economics
– Vandewalle & al. (2015) 
– Lynch & al. (2019) 
– Roach & Meus (2020)  
– Li & Mulder (2021) 

 However, first movers in PTG are firms with a strong oligopolistic presence in either the power, gas, or H2 markets (e.g.,
existing electricity producers, gas midstreamers, H2 producers, independent private players…).
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LITERATURE & MOTIVATION

To what extent do I.O. and asset ownership 
considerations affect the projected impacts of PtG? 

=> These articles consider a perfectly competitive energy system

Relatore
Note di presentazione
However, in Europe, PTG investments are currently undertaken by consortia of large companies with a strong oligopolistic presence in the energy sector (e.g., existing electricity producers, gas midstreamers, H2 producers, independent private players…). Here, we are dealing with mutimarket oligopoliesThus, it is questionable whether the results obtained under the assumption of pure and perfect competition are also valid under imperfect competition.



Methodology: a stylized partial equilibrium model
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Baseline scenario (No PtG)
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Now if we look at the different actors considered in our model. We have: This is the general frameworkWith this global framework, the idea is to look at different scenarios in which PTG belongs to players with market power, who differ in the energy generation units they own.
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METHODOLOGY – The different ownership scenarios

PtG as a pure player (NewProd)
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Now if we look at the different actors considered in our model. We have: This is the general framework
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METHODOLOGY – The different ownership scenarios

PtG owned by a gas midstreamer (GGas)

Relatore
Note di presentazione
Now if we look at the different actors considered in our model. We have: This is the general framework
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METHODOLOGY – The different ownership scenarios

PtG owned by a gas midstreamer that also supplies blue H2 (GGas)

Relatore
Note di presentazione
Now if we look at the different actors considered in our model. We have: This is the general framework
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METHODOLOGY – The different ownership scenarios

PtG owned by a supplier of blue H2 (G-Gas+SMR)
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Note di presentazione
Now if we look at the different actors considered in our model. We have: This is the general framework
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METHODOLOGY – The different ownership scenarios

PtG owned by thermoelectric generator (E-CCGT)
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Now if we look at the different actors considered in our model. We have: This is the general framework
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METHODOLOGY – The different ownership scenarios

PtG owned by a large firm generating VRE (E-VRE)

Relatore
Note di presentazione
Now if we look at the different actors considered in our model. We have: This is the general framework



METHODOLOGY - A detailed partial equilibrium model
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A deterministic Nash-Cournot oligopoly model

Formulated & solved as an instance of a Mixed Complementarity Model (MCP)

Agents’ maximization problems
Max. Profits 
s.t. constraints (capacity, efficiency, ramp-up constraints...)

Market Clearing conditions

- One-year time horizon

- Linear demand functions for Power, Gas & H2

- Energy producers behave à la Cournot / Storage operators (gas & H2) are price taking firms

- Short-term model – the model focuses on operations 
=>  Capacities are exogeneously determined.

We calibrate and solve the model to examine:
- the use of PtG
- the market outcomes and the social performance
- the environmental performance

Relatore
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one year decomposed in representative hours (power) and days (gas & H2)



We calibrate the model to study a future energy system.

 We use the Dutch energy system as a reference.

 Posited carbon prices: € 90 and €150 per ton of CO2

 Power & gas demand and RES variability: based on historical patterns

 H2 demand: based on GIE projections

 Capacities are based on European Commission projections for 2030
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APPLICATION

Posited capacities:
PtG capacity: 4 GW
Total SMR capacity : 10GW equally shared by the two players

Relatore
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Gas Infrastructure Europe
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RESULTS – PtG Utilization

Total annual hydrogen production  by technology in TWh (for PCO2 =90€/ tCO2 and PCO2 =150€/ tCO2) 

Annual average power, gas and hydrogen prices for PCO2 =90€/ tCO2 ) (€/MWh)
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Note di presentazione
The first scenario without PTG is considered a baseline scenario.We consider six scenarios in which PTG belongs to players who differ in the energy generation units they ownIndependent firm : PtG as a pure player



RESULTS – Social performance

Annual surpluses in the baseline scenario and relative changes (for PCO2 =90€/ tCO2 )



RESULTS – Social performance

Annual surpluses in the baseline scenario and relative changes in Bn € (for PCO2 =90€/ tCO2 )
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RESULTS – Environmental performance

Impact of PtG on CO2 emissions - change in CO2 emissions by sector compared to the
Baseline case (for PCO2 =90€/ tCO2 )
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Note di presentazione
The first scenario without PTG is considered a baseline scenario.We consider six scenarios in which PTG belongs to players who differ in the energy generation units they ownIndependent firm : PtG as a pure player



In imperfectly competitive energy markets:

 Ownership considerations matter!

The use and profitability of PtG differ depending on the multi-market profile of its owner.

 Producers of fossil-based hydrogen tend to make little use of PtG.

 Renewable electricity producers use PtG largely and reap the highest profit from it.

 Intensive use of PtG can indirectly stimulates polluting thermoelectric generation.

Overall, the operation of PtG is welfare enhancing but it affects the surplus gained by agents.

 The ownership structure that provides the largest individual gain is also the least desirable from a social and
environmental perspective.

CONCLUSIONS



Thanks for your attention!
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Note di presentazione
In all cases, the addition of PTG transforms the generation mix: H2 production by PTG decreases H2 production by SMR, resulting in increased electricity production and decreased gas production. PTG is beneficial for gas and H2 consumers, but detrimental for electricity consumers.The use of PTG varies depending on who owns the PTG assets: it is over-used by companies with low-cost power generation capacity and under-used by companies with SMR capacity or gas shippers.  The ownership of the PTG has an important impact on the distribution of welfare.Les entreprises qui possèdent des technologies de production de gaz ou d’hydrogène par SMR et pas d’EnR n’ont pas intérêt à surutiliser le PTG outre mesure. Cependant, les entreprises qui possèdent de fortes capacités ENR, et qui peuvent donc profiter du coût très faibles des EnR ou jouer sur le prix de l’électricité ont un intérêt à surutiliser le PTG.  En cas de forte production renouvelable intermittente, l’utilisation stratégique du PTG est moindre. Malgré les pouvoirs de marché, le PTG reste un bon outil pour apporter de la flexibilité au système électrique, et pour réduire les émissions du secteur H2. Cependant, l’ajout du PTG peut faire augmenter les émissions dans le système électrique si l’électricité utilisée pour produire de l’H2 est remplacée par de l’électricité carbonée.Y aurait-il un besoin de réguler la quantité d’EnR utilisée pour la production PTG (seuil maximum dans la quantité d’électricité renouvelable utilisée pour produire de l’hydrogène, prix du carbone élevé…) ?Le choix d’installer du PTG peut être très bénéfique pour les entreprises du secteur électrique possédant beaucoup de capacités renouvelables. Cependant, ce n’est pas du tout bénéfique pour les consommateurs d’électricité, et ça peut ne pas être bénéfique d’un point de vue des émissions CO2. Les coûts d’investissement en PTG sont élevés, et dans la plupart des cas le bien être global associé au PTG est négatif. Cependant, ces investissements peuvent devenir intéressant d’un point de vue global (bien être associé au PTG long terme) lorsque la quantité d’EnR à 0 coût variable augmente (cas d’un mix à plus de 90% renouvelable).Dans un tel cas, il est même rentable pour les entreprises du secteur électrique possédant beaucoup de renouvelable d’investir dans des actifs PTG. Cependant, le coût d’investissement reste trop élevé pour les autres entreprises, qui n’investiront qu’en cas de réductions de coût ou d’un effet d’aubaine. Redistribution des revenus associés au PTG ? Subvention à l’investissement ? 
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