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Overview

The energy policy of the European Union stipulates the attainment of three major objectives: competitiveness, sustainability, and security of supply [1]. In January 2007, the European Commission presented its Renewable Energy Roadmap [2] and proposed a binding target of having 20 percent of the EU’s final energy consumption met by renewable energy sources by 2020. Within the electricity sector, in addition to the erection of large-scale generation facilities based on renewable energy sources, such as offshore wind farms, a major role will accrue to decentralized small-and medium-sized power producers, i.e., distributed generation based on renewable energy sources. Distributed generation can be defined as electric power sources connected directly to the distribution network or on the customer site of the meter [3].  Directive 2001/77/EC [4] stipulates that Member States may adopt national support mechanisms to promote electricity generated from renewable energy sources in order to meet their national indicative targets. Feed-in tariffs constitute the predominantly applied mechanism in the EU, often coupled with priority access. However, one of the major barriers to the deployment of distributed generation consists of a lack of incentive for distribution system operators to connect small-scale power producers to their networks [5]. If the network function is not effectively unbundled from the generation segment, integrated distribution system operators may perceive new distributed generation plants as competitors that threaten to reduce output from their own plants [6]. The same problem may apply to combined operators that are only insufficiently unbundled. System operators obtain their revenues from connection, energy, capacity and use of system charges, set in the framework of national network regulation. The network being an essential facility, high and/or discriminatory access charges may inhibit the economic viability of distributed generators and eventually prevent them from entering the market. Feed-in tariffs may mitigate the detrimental impact of high access charges and enable distributed generators to penetrate the market that otherwise would not enter. By the same token, this implies that in the presence of vertical integration the additional income of distributed generators obtained by feed-in tariffs will not fully accrue to them, but be partially skimmed by integrated system operators instead. This may lead to a different policy outcome of public support schemes than originally intended.
Methods

This paper examines analytically how the effectiveness of feed-in tariffs for distributed generators, delivering renewable electricity supply, is dependent on industry structure, i.e., vertical integration vs. unbundling. A stylized partial equilibrium model with a monopolist and a competitive fringe, representing small-scale distributed producers, will be applied to analyze the impact of feed-in tariffs on the deployment of distributed generation. Figure 1 sketches the set-up of the model.
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Figure 1         Model framework: Monopolist and Distributed Generators [elaborated from DG Grid [7]]

The vertically integrated monopolist is a thermal producer and seeks to maximize his profit by setting two variables: the electricity price for the residual demand and an access charge incurred by the fringe for network utilization. The fringe acts as a single price taking firm facing strictly convex cost and receives a fixed feed-in tariff per unit of electricity produced. In the presence of vertical integration, a rise in the feed-in tariff gives the integrated monopolist yet an incentive to raise access charges for the fringe firms and therewith skim parts of their additional income. This partially offsets the supply increase of the fringe firms. However, in the case of unbundling with an externally set access charge by a fully neutral distribution system operator (DSO), there is no possibility for the monopolist to extract part of the fringe’s additional profit. Then the feed-in tariff fully accrues to the competitive fringe, and its supply will further increase. In the second part of the analysis, this setting will be extended to horizontal expansion when the monopolist enters the renewable production segment as well. The effects on prices, output and welfare will be derived and compared to the first setting, with only renewable power production by the competitive fringe.
Results

Both in the original and in the extended setting, power prices set by the monopolist for residual demand decrease with respect to a marginal increase in the feed-in tariff. Simultaneously, under vertical integration, the monopolist raises the access price by a larger magnitude than the power price decrease to partially counter the positive entry effect induced by an increase in the feed-in tariff on distributed generators.  Therefore, quantity-wise, the increase in renewable electricity output with respect to the feed-in tariff is even more pronounced under unbundling. The same applies to the reduction effect on thermal supply of the monopolist, i.e., residual demand. Due to the provision of priority access for renewable electricity, in the extended setting, when the monopolist is additionally active in the renewable production segment, no crowding out of distributed generators occurs. This translates into an even higher increase of aggregate renewable electricity supplied by the industry.

Conclusions

For policy makers desiring to attain an ambitious renewable energy target, the most favorable of the settings examined is unbundling of the monopolist while allowing him into the renewable production segment. This configuration yields the highest positive quantity effect of renewable electricity induced by the same increase in the feed-in tariff. By the same token, this implies that in this configuration the policy maker can adjust the feed-in tariff to a lower level while still obtaining the same amount of renewable power increase as in the original setting, where the monopolist is only confined to thermal production. 
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