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Overview

Concerns about climate change and energy security have given rise to discussions about alternative instruments to regulate CO2 emissions and to promote renewable energy sources. The European Union has laid out three parallel targets in its "20-20-20" program, which are aimed to be achieved by 2020: to reduce greenhouse gas emissions by at least 20%, to reach 20% of renewable energy sources in total energy consumption and to increase energy efficiency by 20%. While emissions are regulated by the European Emission Trading System, each member state enacts it own renewable energy policies to reach the targeted share of renewable energy sources. Some countries have implemented a green quota, which requires electricity from renewable sources to make up a given share of the total electricity consumption. Other countries support their renewable energy production with feed-in-tariffs, which guarantee producers of green electricity a fixed remuneration. The combined use of "black" policy instruments to cut down CO2 emissions and "green" policy instruments to promote renewable energy sources may have important adverse economic implications. In recent years a growing number of papers examine such an overlap of "black" and "green" policies. The overlap of two quantity instruments - an emission trading system and a green quota – is the dominantly analyzed scenario (see among others Amundsen and Mortensen, 2001, Böhringer and Rosendahl, 2010, or Fischer and Preonas, 2010). Widespread agreement exists in the literature that a second instrument lowers the stringency of the first one. When introducing a green quota into a market which is already regulated by an emissions cap, the price for an emission permit decreases. Vice versa, when an emission cap is introduced or an existing cap is lowered, the price for a green certificate decreases. There is only limited body of studies, which points to another adverse effect resulting from the interaction of a renewable energy quota with an emissions trading system: when the emission cap is lowered by policy-makers, the electricity supply from renewable resources decreases. The aim of this paper is to analyze, how this effect changes if not a green quota, but instead feed-in-tariffs or bonus tariffs prevail in the market. 
Methods
This paper provides a theoretical analysis of overlapping climate regulations. We use a simple supply and demand model of an electricity market to determine the effects of various different renewable electricity support mechanisms when these overlap with an emissions trading system. We will derive the effects on prices and quantities, and compare the impact of feed-in-tariffs, bonus tariffs and a green quota.
Results

It will be shown, that an additional emissions cap on top of an instrument to promote renewable energy sources can have diverse effects. The impact depends on the specific design of the renewable energy support policy. All three examined instruments are intended to promote renewable energy sources, however, with an additional emissions cap only feed-in and bonus tariffs achieve to do so. In an electricity market with a green quota, the lowering of the emissions cap causes the electricity supply from renewable resources to decrease. The reason for this adverse effect lies in the design of the quota, which fixes green and black electricity generation in a given ratio. When the supply of fossil-based electricity decreases due to the lowered emission cap, less green electricity is required to fulfill the quota.
Conclusions

The design of regulations to promote renewable energy sources differs across countries. These regulations were already adopted in several member states when the European Emissions Trading Scheme came into force in 2005. As our analysis reveals, such an additional implementation of a binding emissions cap on top of “green” support mechanisms has differing results. Thus, these effects should be taken into account by policy-makers when working on climate and energy regulations. A lowering of the emissions cap, as planned for the future, can have adverse effects in those member states with a green quota. When the emission cap is lowered, the member states should adapt their promotional schemes to guarantee the targeted expansion of renewable electricity.
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