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Overview

In 2050, with the objective of decarbonization, the power system will face more constrained operation due to the use
of variable renewables and limited amounts of biomass and will therefore need storage. In perfect competition, the
supply curve is determined from the marginal costs of production [1]. Due to inelastic demand and low storage, prices
reflect these marginal production costs. The difference between marginal costs and the exchange price must enable
the financing of investment costs: the inframarginal rents send investment signals. According to Boiteux [2] and in
theory, these signals allow an optimal production mix to be achieved since short-term and long-term marginal costs
converge. Even if the relevance of prices as a unique signal for investment is strongly questioned [3], the evolution of
prices remains a major question in the economic analysis of the energy transition. This is increasingly true since carbon
neutrality implies a generation mix mainly composed of high investment cost and very low to zero marginal costs
(nuclear and renewables), but also of expensive and limited sources (biomass). Some studies [4]-[7] have concluded
that electricity prices become very volatile, and often zero or negative in mixes with a high proportion of variable
renewables. On the other hand, as part of the transition to zero carbon emissions, electrification is expected to increase,
with new electricity uses (mobility, Power-to-Gas (P2G)). These new uses, likely to be more flexible than specific
electricity demand, will have an impact on the electricity demand curve, and consequently on prices. The issue of the
impact of these uses on electricity prices has been addressed by [8] but this study completes the approach with a
representation of the hydrogen and methane vectors. The aim here is to study explicitly the impact on electricity,
hydrogen and methane prices of vector couplings (P2G and Gas-to-power) and storage management.

Methods

The simulations are carried out using the Antares tool [9]. This open-source software simulates the hourly supply-
demand balance and optimizes the use of production resources to meet demand at the lowest operating cost (no
investment costs are considered). The modeling is based on the M23 scenario of the study "Energy Pathways to 2050"
published by RTE, the French transmission system operator [10]. This M23 scenario is one of those that concentrates
new French investments on renewable energies, and particularly on large wind farms, which allows better efficiency
and economies of scale. The system considered here covers three energy vectors, electricity, methane and hydrogen
(Figure 1), which are represented at the national level (one node per country) in 17 countries of Western Europe in
2050.
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Figure 1 - Simplified representation of the simulated energy system

Methane and hydrogen storages are managed with marginal storage water values (MSWV) [11][12]. Many algorithms
have been developed to calculate MSWYV, involving dynamic stochastic optimization methods [13]. However, in a
very simplified modeling, MSWV were calculated assuming a linear relationship between MSWYV and the storage
filling level. MSWV play the same role as the different marginal production costs in the supply curve for setting the
price. They are determined iteratively so that stocks can arbitrate between different generation sources (imports or
P2G, and sometimes local production). In addition to the presence of MSWV and generation units in the supply curve,



some price steps correspond to the demand shedding of other vectors. For example, in the electricity supply curve, the
shedding price of hydrogen and methane production via P2G appears, which allows the electrolyser to arbitrate
between the electricity and gas markets.

Among limitations, what is called "price" does not result from a market process but reflects the value of the supply
constraint in the optimization problem solved by Antares. This optimization problem relies on an assumption of perfect
competition and in particular on perfect information on the week-long optimization period.

Results

Hydrogen and methane prices are seasonal and steady every week. They are mostly set by MSWV, which is explained
by their large volume and place in the stack. Hydrogen prices have more seasonality than methane prices, due to lower
storage volumes.

P2G shedding sets the price of electricity for most of the year, sometimes in a direct way (intersection of the supply
curve and the demand curve on the P2G shedding level). Sometimes it does so indirectly when the price is set by
short-term storage (electric vehicles, batteries, pumped storage) that are limited in injection or withdrawal at times of
P2G marginality.

Overall, electricity prices are separated into three portions. The first one corresponds to zero or very low prices, a
consequence of renewable or nuclear marginality. This zone is very small because of P2G and storage capacities,
which reduce the renewable marginality. Second, during 2/3 of the year, electricity prices correspond to P2G shedding,
reflecting the marginal cost of unproduced H2 or CH4 energy, sometimes supplemented by the efficiency of short-
term storage. Finally, during the rest of the year, electricity prices are set by hydrogen or methane power plants
marginal costs.

Conclusions

Vector couplings challenge two major properties of the electricity product, undermining the basis of the economics of
the power system. First, the inelasticity of demand is questioned: in 2050, with P2G and electric vehicles, the flexibility
of demand could set prices on a majority of time steps of the year. Secondly, non-storability is contested: the
breakthrough does not come from the existence of electricity storage facilities but from their volume, which induces
very strong price dependencies between time steps within the week due to short-term storage and during the year with
seasonal storage.

As a result, prices are no longer mainly set by electric power generation units, but depend mostly on demand
modulations and storage management. Storage management already has an important role in the current energy system
for hydropower, methane and nuclear, but it takes on an even more important role in the represented energy system
where most of the flexibility is provided by storage resources.

Several limitations to the presented representation have been identified and future work has already been initiated to
address them, especially the perfect market hypothesis and the notion of perfect anticipation over the week.
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