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Overview

Renewable energy sources (RES) are expected to dominate the EU’s energy supply in a sustainable future energy system.  Large scale integration of RES means that the future power system will consist of a considerably high base-load power generation from RES most of which are of intermittent nature such as solar and wind. High variability of power generation from RES has a profound impact on the control of network flows. More diverse network situations resulting in more congestion are likely to occur, increasing the necessity of electricity network expansion both from a national and international perspective. There is a strong interaction between the electricity and gas markets. Gas other fossil fuels prices affect the electricity market clearing, being the dispatching solution function of a cost-driven merit order. This dependence has become stronger since the penetration of gas in electricity generation has largely increased in the last decade throughout the EU, mainly due to its environmental advantages over other fossil fuels.  Consequently, the integration of large-scale RES in long term  and electricity network development plans will have a direct impact on the gas markets such as gas consumption in power generation will decrease in some countries with high RES generation whereas it will increase in other countries which serve gas-powered electricity generation as back-up for intermittent RES supply. The change in gas consumption levels of power sector will influence gas prices and gas flows to and within Europe and consequently affect the need for expansion of the gas infrastructure. Likewise, the investments in gas infrastructure influence the availability of gas and gas prices which consequently together with CO2 prices affect the gas powered generation in electricity markets, the level of electricity prices, transnational corridors expansion, and electricity exchange. In this contribution, we assess the impact of large scale RES integration both on the transnational electricity and gas infrastructures by explicitly addressing the interaction between electricity and gas markets. To this aim, we adopt four different scenarios of RES integration up to 2050 as described in [1] and we utilize gas market model (GASTALE) and electricity market model (MTSIM) to simulate the long-term development of the European energy markets (2030-2050).

Methods

A.  Scenario approach: Description of the transnational scenarios

The framework within which this work has been carried out is within the SUSPLAN project (www.susplan.eu). SUSPLAN has developed four storylines, diversified on the basis of two main drivers which are considered to have significant impact on the RES integration in future: namely public acceptance and technological development [1].

B.  Modelling approach: Interactions between gas and electricity Markets 

GASTALE is a game-theoretic equilibrium model of the European natural gas market which includes all gas producers supplying to Europe and European gas consumers while taking into account the existing gas infrastructure such as transport pipelines, LNG shipping network, and storage. Producers are the only strategic players and pay TSOs and LNG shippers to transport gas to the market. Storage owners buy gas in the low demand period for sale in the other periods. An important feature of the GASTALE model is endogenous investment decision-making with respect to expansion of gas infrastructure. For this study, economically optimal expansion of gas infrastructure is determined for every decade (e.g., 2030-2040) from a short-sighted point of view.  

MTSIM is an electricity market simulator able to determine the hourly clearing of a zonal market over an annual time horizon, calculating the zonal prices and taking primarily into account variable fuel costs of thermal power plants and other variable costs that affect power plants (such as O&M, CO2 emissions, etc.). The equivalent transmission network of Europe is modelled using DC Power Flow approximation with Power Transfer Distribution Factors (PTDF); in this way transmission bottlenecks can be identified. An important feature of MTSIM is its “planning” modality which is useful to calculate the best expansions program on each corridor once the price per additional unit of power built up on given corridor is known. 

The interaction between the electricity and gas markets is also taken into account by utilizing an iterative approach with input/output interactions between MTSIM and GASTALE models for three separate key years (2030, 2040 and 2050) for each scenario.  Our methodology can be summarized as follows:   1) For a given RES development and expected WEO gas price, run MTSIM in “planning” modality and determine the corresponding economically optimal electricity transmission corridors expansion. 2) By imposing the optimal grid expansion defined in Step 1, run MTSIM in “traditional modality” (no grid expansions allowed) to obtain the corresponding gas consumption level in each EU country in the period i.  3) Run GASTALE with the gas consumption data of power sector provided by MTSIM at Step 2 and find the economically optimal gas infrastructure in the period i.  4) The new gas prices are fed into MTSIM and Steps 2 and 3 are repeated until gas prices and consumption levels converge. If convergence is achieved, move to the next period. With the term “convergence” we intend that, in two subsequent iterations, all gas prices and consumption data exchanged between MTSIM and GASTALE differ of a negligible quantity.

Results

Regarding future electricity infrastructure developments, it is observed that some expansions are common to all the storylines. In particular, the corridors that connect the Central Europe with the Iberian Peninsula are expanded in order to exploit all the potential RES generation and feed the consumption centers (e.g. those placed in central Europe) at minimum marginal cost. Some corridors placed in Eastern and South-Eastern Europe are significantly expanded in all the storylines too. Moreover total electricity infrastructure expansion are higher in especially storylines with many locations having high RES penetration combined with low demand. This is caused by an increasing need to transfer large volumes of electricity through Europe to match favorable RES generation regions with existing load centers. Regarding future gas infrastructure developments, South-East European corridor emerge as an important corridor in all storylines. Gas is sourced from Central Asia and Russia, and re-exported to South-East Europe via Turkey and Balkan region and from there further into Central and Western Europe. Upgrades in the Northwest European region are, despite of possible changes in gas flow patterns, rather limited due to the already quite developed infrastructure there. The infrastructure in Northwest Europe will be increasingly used to accommodate import flows whereas it has been used to accommodate Dutch and UK export flows previously. Important storyline differences can be observed especially in the Southwest and South of Europe where additional EU internal pipeline investments are required to facilitate mostly for pipeline imports from Algeria (to Italy and Spain) and LNG imports (via Italy). Italy emerges as a gas hub in all storylines although its relative importance differs across storylines. Its gas hub position gives rise to a net gas flow from Italy to Germany and Central Europe. Spain also increases its importance as gas transit country to varying degree across storylines due to increased exports of Algeria to the EU borders.
Conclusions
A substantial share of future investments need to go to strengthening of the electricity corridors from south and north-western Europe to central and Eastern Europe. This leads to significant increase in electricity infrastructure investment costs; however, some significant benefits due to higher RES penetration should also be taken into account such as gains in power production costs (e.g., fuel and CO2 costs), gains in gas infrastructure investment costs, and gains in security of gas supply. In order to realize these gains, public acceptance is an important boundary condition.  
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